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rPiEFATORY  NOTE  TO  THE  THIED  ENGLISH  EDITION. 


In  offering  to  the  Profession  this  Third  English  Edition,  I  would 
only  say  that  the  whole  work  has  again  been  thoroughly  revised  and 
in  many  parts  extended.  In  all  respects  I  have  endeavoured  to  keep 
it  abreast  of  the'  latest  investigations  in  Physiology  and  their  bearing 
on  Practical  Medicine  and  Surgery. 

I  have  again  to  thanlc  my  publishers  for  enabling  me  to  enhance 
the  usefulness  of  tlie  work  by  very  numerous  additions  to  the  Illustra- 
tions, which  now  number  692  as  compared  with  the  494  of  the  First 
Edition.  Many  of  these  new  engravings  are  original ;  others  are 
derived  from  the  6th  German  edition  of  the  work,  from  Stohr's  Lclvrliicli 
der  Histologie,  Quain's  Anatomy,  Eerrier's  Functions  of  the  Brain  (2nd 
Edition),  H.  Obersteiner's  Anleitung  heim  Studium  des  Baues  der  ncrvdsen 
Cmtralorgane,  Eollett's  Article  on  ''Muscle"  in  the  Beal-Uncydopa^die, 
Gowers'  Diseases  of  the  Nervous  System,  and  most  of  those  for  the 
chapter  on  Pteproduction  from  Haddon's  Introduction  to  Emlryology. 

In  addition,  I  have  to  tender  special  acknowledgments  to  my 
colleagues  and  friends,  Professors  A.  H.  Young,  James  Eoss,  A.  W.  Hare, 
and  Dr  Aug.  D.  Waller ;  as  well  as  to  Messrs  Carl  Eeichert  of  Vienna, 
W.  Petzold  of  Leipzic,  Eothe  of  Prague,  Maw,  Cassella,  Krohne  and 
Sesemann,  Evans  &  Wormall  of  London,  and  Eerries  &  Co.  of  Bristol. 

For  the  first  time  the  work  appears  here  in  one  volitme— an  tirtange- 
ment  adopted  both  to  meet  the  wishes  of  Students  and  to-  facilitate 
easy  reference.  I  can  but  express  a  hope  that  the  present  Edition,,  in 
its  new  form,  will  meet  with  the  same  very  kind  reception  accorded  to 
its  predecessors. 

WILLIAM  STIELING. 

The  Owens  College, 
Manchester,  Scptcviber  18S8. 


PEEFACE  TO  THE  FIRST  EmiSH  EDITION. 


The  fact  that  Professor  Landois'  "Lelirhuch  cler  Pliysiologie  cles  Menschen" 
has  already  passed  through  Four  large  Editions  since  its  first  appearance 
in  1880,  shows  that  in  some  special  way  it  has  met  the  wants  of  Students 
and  Practitioners  in  Germany.  The  characteristic  which  has  thus  com- 
mended the  work  will  be  found  mainly  to  lie  in  its  eminent  practicality; 
and  it  is  this  consideration  which  has  induced  me  to  undertake  the  task 
of  putting  it  into  an  English  dress  for  English  readers. 

Landois'  work,  in  fact,  forms  a  Bridge  between  Physiology  and  the 
Practice  of  Medicine.  It  never  loses  sight  of  the  fact  that  the  Student 
of  to-day  is  the  practising  Physician  of  to-morrow.  Thus,  to  every 
Section  is  appended — after  a  full  description  of  the  normal  processes — 
a  short  r4sum4  of  the  pathological  variations,  the  object  of  this  being  to 
direct  the  attention  of  the  Student,  from  the  outset,  to  the  field  of  his 
future  practice,  and  to  show  him  to  what  extent  pathological  processes 
are  a  disturbance  of  the  normal  activities. 

In  the  same  way,  the  work  offers  to  the  busy  physician  in  practice  a 
ready  means  of  refreshing  his  memory  on  the  theoretical  aspects  of 
Medicine.  He  can  pass  iacJavards  from  the  examination  of  pathological 
phenomena  to  the  normal  processes,  and,  in  the  study  of  these,  find  new- 
indications  and  new  lights  for  the  appreciation  and  treatment  of  the  cases 
under  consideration. 

With  this  object  in  view,  all  the  methods  of  investigation  which  may 
with  advantage  be  used  by  the  Practitioner,  are  carefully  and  fully 
described;  and  Histology,  also,  occupies  a  larger  place  than  is  usually 
assigned  to  it  in  Text-books  of  Physiology. 

A  word  as  to  my  own  share  in  the  present  version  : — 

(1.)  In  the  task  of  translating,  I  have  endeavoured  throughout  to 
convey  the  author's' meaning  accurately,  without  a  too  rigid  adherence 
to  the  original.  Those  who  from  experience  know  something  of  the 
difficulties  of  such  an  undertaking  will  be  most  ready  to  pardon  any 
shortcomings  they  may  detect. 

(2.)  Very  considerable  additions  have  been  made  to  the  Histological, 
and  also  (where  it  has  seemed  necessary)  to  the  Physiological  sections. 
All  such  additions  are  enclosed  within  square  brackets  [  ].    I  have  to 
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acknowledge  my  indebtedness  to  many  valuable  Papers  in  the  various 
Medical  Journals — British  and  Foreign — and  also  to  the  Histological 
Treatises  of  Cadiat,  Eanvier,  and  Klein ;  Quain's  Anatomy,  vol.  ii.,  ninth 
edition;  Hermann's  Handhuch  dcr  Fhysiolorjie ;  and  the  Text-books  on 
Physiology  by  Eutherford,  Foster,  and  Kirkes;  Gamgee's  Physiological 
Chemistry ;  Ewald's  Digestion  ;  and  Eoberts's  Digestive  Ferments. 

(3.)  The  Illustrations  have  been  greatly  increased  in  number,  viz., 
from  275  in  the  Fourth  German  Edition  to  494  in  the  Enolish  version. 
These  additional  Diagrams,  with  the  sources  whence  derived,  are  dis- 
tingnished  in  the  List  of  Woodcuts  by  an  asterisk. 

There  only  remains  for  me  now  to  express  my  thanks  to  all  who 
have  kindly  helped  in  the  progress  of  the  work,  either  by  furnishing 
Illustrations  or  otherwise — especially  to  Drs  Byrom  Bramwell,  Dudgeon, 
Lavider  Brunton,  and  Knott ;  Mr  Hawksley ;  Professors  Hamilton  and 
M'Kendrick ;  to  my  esteemed  teacher  and  friend.  Professor  Ludwig,  of 
Leipzic ;  and,  finally,  to  my  friend,  Mr  A.  W.  Eobertson,  M.A.,  formerly 
Assistant  Librarian  in  the  University,  and  now  Librarian  of  the  Aberdeen 
Public  Library,  for  much  valuable  assistance  while  the  work  was  passing 
through  the  press. 

In  conclusion. — and  forgetting  for  the  moment  my  own  connection 
with  it — I  heartily  commend  the  work  per  se  to  the  attention  of  ]\Iedical 
Men,  and  can  wish  for  it  no  better  fate  than  that  it  may  speedily  become 
as  popular  in  this  country  as  it  is  in  its  Fatherland. 

WILLIAM  STIELING. 

Aberdeen  University, 
November  1884. 
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Transverse  section  of  an  embryo  newt  {Hertiuig), 
*664.  Vertical  section  of  a  blastodenn  {Klein),  . 
665.  Schemata  of  development, 
*666.  Embryo  fowl,  2nd  day  {Kdlliker), 
*667.  Transverse  section  of  an  embryo  duck  {Balfour), 
*668,  Uterine  mucous  membrane  {Caste), 
*669,  Placental  villi  {Gadiat),     .  .  . 

*670.  Fcetal  circulation  {Clelaiid), 
*671.  Head  of  embryo  rabbit  {Kdlliker), 

672.  Harelip,  ..... 
*673.  Meckel's  cartilage  ( JV.  K.  Parker), 

674.  Centres  of  ossification  in  the  innominate  bone, 

675.  Development  of  the  heart, 

676.  The  aortic  arches, 

677.  Veins  of  the  embryo, 

678.  Development  of  the  veins  and  portal  system, 

679.  Development  of  the  intestine, 

680.  Development  of  the  lungs, 

681.  Formation  of  the  omentum, 

682.  Development  of  the  internal  generative  organs, 
*683.  Development  of  ova  ( Wiederslieim), 

Development  of  the  external  genitals. 


Changes  in  the  external  organs  of  generation  in  the  female  (after  Schroeder), 


684. 
*685. 
*686. 
*687. 
*688, 

*689.  Transverse  section  of  an  embryo  brain  {Kdlliker), 
*690,  Embryo  brain  of  fowl  {Quain,  after  MihalkovHcs), 
691.  Development  of  the  eye,  .... 
*692.  Development  of  the  vei-tebrate  ear  (SatZi^oM), 

[The  illustrations  indicated  by  the  word  Hermann,  are  from  Hermann's  Eandhuch  dcr 
Physiologie  ;  by  Cadiat,  from  Cadiat's  Traite  d' Anatomic  Generate;  by  Itanvier,  from  Ranvier's 
Traite  Technique  d' Histologie ;  by  Brunton,  from  Brunton's  Text-iook  of  Pharmacoloqy 
Therapeutics,  and  Materia  Medica;  by  Schenk,  from  Schenk's  Grioidriss  der  norvmlen  Histo- 
logie;  by  Kcker,  from  Ecker's  Jnatomie  des  Frosches,  2nd  ed. ;  by  Quaui,  from  Quain's 
Anatomy;  by  Stohr,  from  Stohr's  Lchrhuch  dcr  Histologie,  Jena,  1887  ;  by  Ohc-steincr 
^''''^'^^"^^'^'3  Anleitung  heim  Siudium  des  Baucs  der  nervdsen  Centralorgane,  Wien' 
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Introduction. 


The  Scope  of  Physiology  and  its  Relations  to:other  Branches 

of  Natural  Science. 

Physiology  is  the  science  of  the  vital  phenomenca  of  organisms,  or,  broadly  it  is 
the  Doctrine  of  Life.  Correspondingly  to  the  divisions  of  organisms,  we  distin<.uish 
-(1)  Am7nal  Pliy oology ;  (2)  Vegetable  Physiology;  and  (3)  the  Physiology  of 
the  Lowest  Living  Organisms,  which  stand  on  the  border  line  of  animals  and 
plants,  the  so-called  Protista  of  Haeckel,  micro-organisms,  and  those  elementarv 
organisms  or  cells  which  exist  on  the  same  level. 

The  object  of  Physiology  is  to  establish  these  phenomena,  to  determine  their 
regularity  and  causes,  and  to  refer  them  to  the  general  fundamental  laws  of 
Natural  Science,  viz.,  the  Laws  of  Physics  and  of  Chemistry. 

The  following  Scheme  shows  the  relation  of  Physiology  to  the  allied  branches  of 
JNatural  Science  : — 

BIOLOGY. 

The  science  of  organised  beings  or  organisms  (animals,  plants,  protista^,  and 
elementary  organisms). 


I.  Morphology. 

The  doctrine  of  the  form  of  organisms. 


General 
Morphology. 

The  doctrine  of  the 
formed  elementary 
constituents  of  or- 


Special 
Morphology. 

The  doctrine  of  the 
parts  and  organs  of 
organisms, 
ganisms.  (Organology  — 

(Histology)—  Anatomy)— 
(a)  Histology  of  Plants,    (a)  Phytotomy. 
(&)  Histology  of  Animals.  (6)  Zootomy. 


II.  Physiology. 

The  doctrine  of  the  vital  phenomena 
of  organisms. 


General 
Physiology. 

The  doctrine  of  vital 
phenomena  in  gene- 
ral— 

(«)  Of  Plants. 

(h)  Of  Animals. 


Special 
Physiology. 

The  doctrine  of  the 
activities  of  the  in- 
dividual organs — 

{a)  Of  Plants. 

(&)  Of  Animals. 


III.  Embryology. 

The  doctrine  of  the  generation  and  development  of  organisms. 

'  1.  History  of  the  development  of 
single  heings,  of  the  individual 
{e.g.,  of  man)  from  the  ovum 

onwards  (Ontogeny)  

{a)  In  Plants. 
{b)  In  Animals. 
2.  History  of  tlio  development  of 
a  vjliole  stock  of  organisms  from 
the  lowest  forms  of  tlie  series 

upwards  (Phylogeny)  

I         («)  In  Plants. 
I        (i)  In  Animals. 


Morphological  part  of  the 
doctrine  of  development, 
i.e.,  the  doctrine  of /or«i 
in  its  stages  of  develop-  - 
ment — 

(a)  General. 

(6)  Special. 


Physiological  part  of  the 
doctrine  of  development, 
i.e.,  the  doctrine  of  the 
activity  during  develop- 
ment— 

(«)  General. 
(J)  Special. 
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Morphology  and  Physiology  are  of  equal  rank  in  biological  science,  and  a  previous 
acquaintance  with  Morphology  is  assumed  as  a  basis  for  the  comprehension  of 
Physiology,  since  the  work  of  an  organ  can  only  be  properly  understood  when  its 
external  form  and  its  internal  arrangements  are  known.  Development  occupies  a 
middle  place  between  Morphology  and  Physiology  ;  it  is  a  morphological  discipline 
in  so  far  as  it  is  concerned  with  the  description  of  the  parts  of  the  developing 
organism ;  it  is  a  physiological  doctrine  in  so  far  as  it  studies  the  activities  and 
vital  phenomena  during  the  course  of  development, 

MATTER. — The  entire  visible  world,  including  all  organisms,  consists  of  matter, 
i.e.,  of  substance  which  occupies  space. 

We  distinguish  2^onderahle  matter  which  has  weight,  and  imponderable  matter 
which  cannot  be  weighed  in  a  balance.    The  latter  is  generally  termed  etiier. 

In  ponderable  materials,  again,  we  distinguish  their /orm,  i.e.,  the  nature  of  their 
limiting  surfaces;  further,  their  volume,  i.e.,  the  amount  of  space  which  they 
occupy ;  and  lastly,  their  aggrecjate  condition,  i.e.,  whether  they  are  solid,  fluid,  or 
gaseous  bodies. 

Ether. — The  ether  fills  the  space  of  the  universe,  certainly  as  far  as  the  most 
distant  visible  stars.  This  ether,  notwithstanding  its  imponderability,  possesses 
distinct  mechanical  properties ;  it  is  infinitely  more  attenuated  than  any  known 
kind  of  gas,  and  behaves  more  like  a  solid  body  than  a  gas,  resembling  a  gelatinous 
mass  rather  than  the  air.  It  participates  in  the  luminous  phenomena  due  to  the 
vibrations  of  the  atoms  of  the  fixed  stars,  and  hence  it  is  the  transmitter  of  light, 
which  is  conducted  by  means  of  its  vibrations,  with  inconceivable  rapidity  (42,220 
geographical  miles  per  second)  to  our  visual  organs  (Tyndall). 

Imponderable  matter  (ether)  and  ponderable  matter  are  not  separated  sharply 
from  each  other  ;  rather  does  the  ether  penetrate  into  all  the  spaces  existing 
between  the  smallest  particles  of  ponderable  matter. 

Particles. — Supposing  that  ponderable  matter  were  to  be  subdivided  con- 
tinuously into  smaller  and  smaller  portions,  until  we  reach  the  last  stage  of 
division  in  which  it  is  possible  to  recognise  the  aggregate  condition  of  the  matter 
operated  upon,  we  should  call  the  finely-divided  portions  of  matter  in  this  state 
p)articles.  Particles  of  iron  would  still  be  recognised  as  solid,  particles  of  water  as 
fluid,  particles  of  oxygen  as  gaseous. 

Molecules. — Supposing,  however,  'the  process  of  division  of  the  particles  to 
be  carried  further  still,  we  should  at  last  reach  a  limit,  beyond  which,  neither  by 
mechanical  nor  by  physical  means,  could  any  further  division  be  efi"ected.  AVe 
should  have  arrived  at  the  molectdes.  A  molecule,  therefore,  is  the  smallest  amount 
of  matter  which  can  still  exist  in  a  free  condition,  and  which  as  a  unit  no  longer 
exhibits  the  aggregate  condition. 

Atoms. — But  even  molecules  are  not  the  final  units  of  matter,  since  every 
molecule  consists  of  a  group  of  smaller  units,  called  atoms.  An  atom  cannot  exist 
by  itself  in  a  free  condition,  but  the  atoms  unite  with  other  similar  or  dissimilar 
atoms  to  form  groups,  which  are  called  molecules.  Atoms  are  incapable  of  further 
subdivision,  hence  their  name.  We  assume  that  the  atoms  are  invariably  of  the 
same  size,  and  that  they  are  solid.    From  a  chemical  point  of  view,  the  atom  of 
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an  elementary  body  (element)  is  the  smallest  amount  of  the  element  which  can  enter 
into  a  chemical  combination.  Just  as  ponderable  matter  consists  in  its  ultimate 
parts  of  ponderable  atoms,  so  does  the  ether  consist  of  analogous  small  ether-atoms. 

Ponderable  and  Imponderable  Atoms. — The  ponderable  atoms  within 
ponderable  matter  are  ari'anged  in  a  definite  relation  to  the  ether-atoms.  The 
ponderable  atoms  mutually  attract  each  other,  and  similarly  they  attract  the 
imponderable  ether-atoms ;  but  the  ether-atoms  repel  each  other.  Hence,  in 
ponderable  masses,  ether-atoms  surround  every  pondei-able  atom.  These  masses, 
in  virtue  of  the  attraction  of  the  ponderable  atoms,  tend  to  come  together,  but  only 
to  the  extent  permitted  by  the  surrounding  ether-atoms.  Thus  the  ponderable 
atoms  can  never  come  so  close  as  not  to  leave  interspaces.  All  matter  must, 
therefore,  be  regarded  as  more  or  less  loose  and  open  in  texture,  a  condition  due  to  the 
interpenetrating  ether-atoms,  which  resist  the  direct  contact  of  the  ponderable  atoms. 

Aggregate  Condition  of  Atoms. — The  relative  arrangement  of  the  molecules, 
i.e.,  the  smallest  particles  of  matter  which  can  be  isolated  in  a  free  condition, 
determines  the  aggregate  condition  of  the  body. 

Within  a  solid  body,  characterised  by  the  permanence  of  its  volume  as  well  as 
by  the  independence  of  its  form,  the  molecules  are  so  arranged  that  they  cannot 
readily  be  displaced  from  their  relative  positions. 

Fluid  bodies,  although  their  volume  is  permanent,  readily  change  their  shape, 
and  their  molecules  are  in  a  condition  of  continual  movement. 

When  this  movement  of  the  molecules  takes  so  wide  a  range  that  the  individual 
molecules  fly  apart,  the  body  becomes  gaseous,  and  as  such  is  characterised  by 
the  instability  of  its  form  as  well  as  by  the  changeableness  of  its  volume. 

Physics  is  the  study  of  these  molecules  and  their  motions. 


Forces. 

1.  Gravitation— Work  done.— All  phenomena  appertain  to  matter.  These 
phenomena  are  the  appreciable  expression  of  the  forces  inherent  in  matter. 
The  forces  themselves  are  not  appreciable,  they  are  the  causes  of  the  phenomena. 

Gravitation. — The  law  of  gravitation  postulates  that  every  particle  of 
ponderable  matter  in  the  universe  attracts  every  other  particle  with  a  certain 
force.  This,  force  is  inversely  as  the  square  of  the  distance.  Further,  the 
attractive  force  is  directly  proportional  to  the  amount  of  the  attracting  matter, 
without  any  reference  to  the  quality  of  the  body.  We  may  estimate  the  intensity 
of  gravitation  by  the  extent  of  the  movement  which  it  communicates  to  a  body 
allowed  to  fall,  for  one  second,  through  a  given  distance,  in  a  space  free  from  air. 
Such  .a  body  will  fall  in  vacuo  9-809  metres  per  second.  This  fact  has  been  arrived 
at  experimentally. 

Let  us  reiji-csent  (7  =  9-809  metres,  the  final  velocity  of  the  freely  falling  body  at  the  end  of 
one  second.    The  velocity,  V,  of  the  freely  falling  body  is  proportional  to  the  time,  t,  so  that 

 (1); 

I.e.,  at  the  end  of  the  1st  sec,  and  Y  =  g,  l=(/  =  9-809  M— the  distance  traversed— 

^=f^  (2); 
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■i.e.,  tlio  distances  arc  as  the  square  of  the  times.  Hence,  from  (1)  and  (2)  it  follows  (by 
eliminating  t)  that— 

V=\/2<^  (3). 

The  velocities  are  as  the  scjuare  roots  of  the  distances  traversed— 

ya 

Therefore  2^""*  (4)- 

The  freely  falling  body,  and  in  fact  every  freely  moving  body,  possesses  kinetic 
energy,  and  is  in  a  certain  sense  a  magazine  of  energy.  The  kinetic  energy  of  any 
moving  body  is  always  equal  to  the  product  of  its  weight  (estimated  by  the  balance), 
and  the  height  to  which  it  would  rise  from  the  earth,  if  it  were  thrown  from  the 
earth  with  its  own  velocity. 

Let  W  represent  the  kinetic  energy  of  the  moving  hody,  and  P  its  weight,  then  W  =  P.s,  so 
that  from  (4)  it  follows  that— 

^^  =  ^1  (^)- 

Hence,  the  kinetic  energy  of  a  body  is  proportional  to  the  square  of  its  velocity. 
Work. — If  a  force  (pressure,  strain,  tension)  be  so  applied  to  a  body  as  to  move 
it,  a  certain  amount  of  ivorh  is  performed.    The  amount  of  work  is  equal  to  the 
product  of  the  amount  of  the  pressure  or  strain  which  moves  the  body,  and  of  the 
distance  through  which  it  is  moved. 

Let  K  represent  the  force  acting  on  the  body,  and  S  the  distance,  then  the  work  '\V=KS. 
The  attraction  between  the  earth  and  any  body  raised  above  it  is  a  source  of  work. 

It  is  usual  to  express  the  value  of  K  in  kilogrammes,  and  S  in  metres,  so  that 
the  "  unit  of  work  "  is  the  kilogramme-metre,  i.e.,  the  force  which  is  required  to 
raise  1  kilo,  to  the  height  of  1  metre. 

2.  Potential  Energy. —  The  transformation  of  Potential  into  Kinetic  Energy,  and 
conversely:  Besides  kinetic  energy,  there  is  also  "potential  energy,"  or  energy  of 
position.  By  this  term  are  meant  various  forms  of  energy,  which  are  suspended  in 
their  action,  and  which,  although  they  may  catise  motion,  are  not  in  themselves 
motion.  A  coiled  watch-spring  kept  in  this  position,  a  stone  resting  upon  a  tower, 
are  instances  of  bodies  possessing  potential  energy,  or  the  energy  of  position.  It 
requires  merely  a  push  to  develop  kinetic  from  the  potential  energy,  or  to  transform 
potential  into  kinetic  energy. 

Work,  70,  was  performed  in  raising  the  stone  to  rest  upon  the  tower. 

w^p,  s,  where  ^J  =  the  weight  and  s  =  the  height, 
2)  =  m  .(J,  is  =  the  product  of  the  mass  (m),  and  the  force  of  gravity  {g),  so  that  v;=mgs. 

This  is  at  the  same  time  the  expression  for  the  potential  energy  of  the  stone. 

This  potential  energy  may  readily  be  transformed  into  kinetic  energy  by  merely 

pushing  the  stone  so  that  it  falls  from  the  tower.    The  kinetic  energy  of  the  stone 

is  equal  to  the  final  velocity  with  which  it  impinges  upon  the  earth. 

V  =  V2^ s  (see  above  (3) ). 
V2=    2(7  s. 
•    -7)1^'^=-=  2mg.t. 

— V-=  mgs. 

m  (I  s  was  the  expression  for  the  potential  energy  of  the  stone  while  it  was  still 
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resting  on  the  height ;      ^2  kinetic  energy  corresponding  to  this  potential 

energy  (Brilche). 

Potential  energy  may  be  transformed  into  mechanical  energy  under  the  most 
varied  conditions ;  it  may  also  be  transferred  from  one  body  to  another. 

The  movement  of  a  pendulum  is  a  striking  example  of  the  former.  Wlien  the  pendulum  is 
at  the  highest  point  of  its  excursion,  it  must  be  regarded  as  absolutely  at  rest  for  an  instant 
and  as  endowed  with  potential  energy,  thus  corresponding  with  the  raised  stone  in  tlie  previous 
instance.  During  the  swing  of  the  pendulum  this  potential  energy  is  changed  into  kinetic 
energy,  which  is  greatest  when  the  pendulum  is  moving  most  rapidly  towards  the  vertical.  As 
it  rises  again  from  the  vertical  position,  it  moves  more  slowly,. and  the  kinetic  energy  is 
changed  into  potential  energy,  which  once  more  reaches  its  maximum  when  the  pendulum 
comes  to  rest  at  the  utmost  limit  of  its  excursion.  Were  it  not  for  the  resistances  continually 
opposed  to  its  movements,  such  as  the  resistance  of  the  air  and  friction,  the  movement  of  the 
pendulum,  due  to  the  alternating  change  of  kinetic  into  potential  energv  and  mce  versd,  would 
continue  uninterruptedly,  as  with  a  mathematical  pendulum.  Suppose  the  swinging  baU  of  the 
pendulum,  when  exactly  in  a  vertical  position,  impinged  upon  a  resting  but  movable  sphere 
the  potential  energy  of  the  ball  of  the  pendulum  would  be  transferred  directly  to  the  sphere' 
provided  that  the  elasticity  of  the  ball  of  the  pendulum  and  the  sphere  were  complete  •  the 
pendulum  would  come  to  rest,  while  the  sphere  wduld  move  onward  with  an  equal  amount  of 
kmetic  energy,  provided  there  were  no  resistance  to  its  movement.  This  is  an  example  of  the 
transference  of  kinetic  energy  from  one  body  to  another.  Lastly,  suppose  that  a  stretched 
watch-sprmgon  uncoiling  causes  another  spring  to  become  coiled  ;  and  we  have  another  example 
of  the  transference  of  kinetic  energy  from  one  body  to  another. 

The  following  general  statement  is  deducible  from  the.  foregoing  examples  :— 
If,  in  a  system,  the 'individual  moving  masses  approach  the  final  position  of  equi- 
librium, then  in  this  system  the  sum  of  the  kinetic  energies  increases ;  if,  on  the 
other  hand,  the  particles  move  away  from  the  final  position  of  equilibrium,  then 
the  sum  of  the  potential  energies  is  increased  at  the  expense  of  the  kinetic  energies, 
■i.e.,  the  kinetic  energies  diminish  {Bi~iicke). 

The  pendulum,  which,  after  swinging  from  the  highest  point  of  its  excursion,  approaches' the 
vertical  position,  t.c  the  position  of  equilibrium  of  a  passive  pendulum,  has  in  this  position 
the  argest  aniount  of  potential  energy;  as  it  again^  ascends  to  the  highest  point  of  its  excursion 
on  the  other  side  it  again  gradually  receives  the  maximum  of  potential  energy  at  the  expense 
of  the  gradually  dimmishmg  movement,  and  therefore  of  the  kinetic  energy. 

3.  Heat.— /fe  Relation  to  Potential  and  Kinetic  Energy.~\i  a  lead  weight  be 
thrown  from  a  high  tower  to  the  earth,  and  if  it  strike  an  unyielding  substance,  the 
movement  of  the  mass  of  lead  is  not  only  arrested,  but  the  kinetic  energy  (which 
to  the  eye  appears  to  be  lost)  is  transformed  into  a  lively  vibratory  movement  of 
the  atoms.  When  the  lead  meets  the  earth,  heat  is  produced.  The  amount  of 
heat  produced  is  proportional  to  the  kinetic  energy,  which  is  transformed  through 
the  concussion.  At  the  moment  when  the  lead  weight  reaches  the  earth,  the  atoms 
are  thrown  into  vibrations;  they  impinge  upon  each  other;  then  rebound  a^ain 
from  each  other  in  consequence  of  their  elasticity,  which  opposes  their  direct  juxta- 
position; they  fly  asunder  to  the  maximum  extent  permitted  by  the  attractive  force 
of  the  ponderable  atoms,  and  thus  oscillate  to  and  fro.  AH  the  atoms  vibrate  like 
a  pendulum,  until  their  movement  is  communicated  to  the  ethereal  atoms  sur- 
roundmg  them  on  every  side,  i.e.,,  until  the  heat  of  the  heated  mass  is  radiattd:^ 
aeat  ts  thus  a  vibratory  movement  of  the  atoms. 
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As  the  amount  of  heat  produced  is  proportional  to  the  kinetic  energy,  which  is 
transformed  through  the  concussion,  we  must  find  an  adequate  measure  for  both 
forces. 

Heat-Unit. — As  a  standard  of  measure  of  heat,  we  have  the  "  heat-unit "  or 
calorie.  The  "heat-unit  "  or  calorie  is  the  amonnt  of  energy  required  to  raise  the 
temperature  of  1  gramme  of  water  1°  centigrade.  The  "heat-unit  "  corresponds  to 
425*5  gramme-metres,  i.e.,  the  same  energy  required  to  heat  1  gramme  of  water 
1°  C.  would  raise  a  weight  of  425'5  grammes  to  the  height  of  1  metre ;  or,  a  weight 
of  425'5  grammes,  if  allowed  to  fall  from  the  height  of  1  metre,  would  by  its  concus- 
sion produce  as  much  heat  as  would  raise  the  temperature  of  1  gramme  of  water  1°  C. 
The  "  mechanical  equivalent  "  of  the  heat-unit  is,  therefore,  425-5  gramme-metres. 

It  is  evident  that  from  the  collision  of  moving  masses  an  immeasurable  amount  of  heat  can 
be  produced.  Let  us  apply  what  has  already  been  said  to  the  earth.  Suppose  the  earth  to  be 
disturbed  in  its  orbit,  and  suppose  further  that,  owing  to  the  attraction  of  the  sun,  it  were  to 
impinge  on  the  latter  (whereby,  according  to  J.  R.  Mayer,  its  final  velocity  would  be  85 
geogi-aphical  miles  per  second),  the  amount  of  heat  produced  by  the  collision  would  be  equal  to 
that  produced  by  the  combustion  of  a  mass  of  pure  charcoal  more  tlian  5000  times  as  heavy 
{Julnis  Robert  Mayer,  HclmTioltz). 

Thiis,  the  heat  of  the  sun  itself  can  be  produced  by  the  collision  of  masses  of  cold  matter. 
If  the  cold  matter  of  the  universe  were  thrown  into  space,  and  there  left  to  the  attraction  of  its 
particles,  the  collision  of  these  particles  would  ultimately  produce  the  light  of  the  stars.  At 
the  present  time,  numerous  cosmic  bodies  collide  in  space,  while  innumerable  small  meteors 
(94,000  to  188,000  billions  of  kilos,  per  minute)  fall  into  the  sun.  The  force  of  gravity  is 
perhaps,  in  fact,  the  only  source  of  all  heat  (J.  R  Mayer,  Tyndall). 

We  have  a  homely  example  of  the  transformation  of  kinetic  energy  into  heat  in  the  fact  that 
a  blacksmith  may  make  a  piece  of  iron  red-hot  by  hammering  it.  Of  the  conversion  of  heat 
into  kinetic  energy  we  have  an  example  in  the  hot  watery  vapour  (steam)  of  the  steam-engine 
raising  the  piston.  An  example  of  the  conversion  of  potential  energy  into  heat  occurs  in  a 
metallic  spring,  when  it  uncoils  and  is  so  placed  as  to  rub  against  a  rough  sm-face,  producing 
heat  by  friction. 

4.  Chemical  Affinity  :  Kelation  to  heat. — Whilst  gravity  acts  upon  the  particles 
of  matter  without  reference  to  the  composition  of  the  body,  there  is  another  atomic 
force  which  acts  between  atoms  of  a  chemically  different  nature  ;  this  is  chemical 
aflfinity.  This  is  the  force  in  virtue  of  which  the  atoms  of  chemically  different 
bodies  unite  to  form  a  chemical  compound.  The  force  itself  varies  greatly  between 
the  atoms  of  different  chemical  bodies;  thus  we  speak  of  strong  chemical  affinities 
and  weak  affinities.  Just  as  we  were  able  to  estimate  the  potential  energy  of  a 
body  in  motion  from  the  amount  of  heat  which  was  produced  when  it  collided  with 
an  unyielding  body,  so  we  can  measure  the  amount  of  heat  which  is  formed  when 
the  atoms  of  chemically  different  bodies  unite  to  form  a  chemical  compound.  As 
a  rule,  heat  is  formed  when  separate  chemically-different  atoms  form  a  compound 
body.  "When,  in  virtue  of  chemical  affinity,  the  atoms  of  1  kilo,  of  hydrogen  and 
8  kilos,  of  oxygen  unite  to  form  the  chemical  compound  ivatei;  an  amount  of  heat  is 
thereby  evolved  which  is  equal  to  that  produced  by  a  weight  of  47,000  kilos,  falling 
and  colliding  with  the  earth  from  a  height  of  1000  feet  above  the  surface  of  the 
earth.  If  1  gramme  of  H  be  burned  along  with  the  requisite  amount  of  O  to  form 
water,  it  yields  34,460  heat-units  or  calories  :  and  1  gramme  carbon  burned  to  car- 
bonic'acid  (carbon  dioxide)  yields  8080  heat-units.  Wlierever,  in  chemical  processes, 
strong  chemical  affinities  are  satisfied,  heat  is  set  free,  i.e.,  chemical  affinity  is 
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changed  into  heat.  Chemical  affinity  is  a  form  of  potential  energy  obtaining 
between  the  most  different  atoms,  which  during  chemical  processes  is  changed  into 
heat.  Conversely,  in  those  chemical  processes  where  strong  affinities  are  dissolved, 
and  chemically-united  atoms  thereby  pulled  asunder,  there  must  be  a  diminution  of 
temperature,  or,  as  it  is  said,  heat  hecomes  latent—that  is,  the  energy  of  the  heat 
which  has  become  latent  is  changed  into  chemical  energy,  and  this,  after  decom- 
position of  the  compound  chemical  body,  is  again  represented  by  the  chemical 
affinity  between  its  isolated  diff"erent  atoms. 

LAW  OF  THE  CONSERVATION  OF  ENERGY. -Julius  Kobert  Mayer  and 
Helmholtz  have  established  the  important  law  that,  in  a  system  which  does  not 
receive  any  influence  and  impression  from  without,  the  sum  of  all  the  forces  acting 
within  it  is  always  the  same.  The  various  forms  of  energy  can  be  transformed  one 
into  the  other,  so  that  Unetic  energy  may  be  transformed  into  potential  energy  and  vice 
versa,  hut  thei-e  is  never  any  part  of  the  energy  lost.  The  transformation  takes  place 
in  such  measure  that,  from  a  certain  definite  amount  of  one  form  of  energy,  a 
definite  amount  of  another  can  be  obtained. 

The  various  forms  of  energy  acting  in  organisms  occur  in  the  following  modi- 
fications : — 

1.  Molar  motion  (ordinary  movements),  as  in  the  movements  of  the  whole  body 
of  the  limbs,  or  of  the  intestines,  and  even  those  observable  microscopically  in 
connection  with  cells. 

2.  Movements  of  Atoms  as  Heat.— We  know,  in  connection  with  the  vibration 
of  atoms,  that  the  number  of  vibrations  in  the  unit  of  time  determines  whether  the 
oscillations  appear  as  heat,  light,  or  chemically-active  vibrations.  Heat-vibrations 
have  the  smallest  number,  while  chemicaUy-active  vibrations  have  the  largest 
number,  light-vibrations  standing  between  the  two.  In  the  human  body  we  only 
observe  heat-vibrations,  but  some  of  the  lower  animals  are  capable  of  exhibiting 
the  phenomena  of  light. 

In  the  human  organism  the  molar  movements  in  the  individual  organs  are  con- 
stantly being  transformed  into  heat,  e.g.,  the  kinetic  energy  in  the  organs  of  the 
circulation  is  transformed  by  friction  into  heat.  The  measure  of  this  is  the  "  unit 
of  work"=l  gramme-metre,  and  the  "  unit  of  heat  "  =  425-5  gramme-metres. 

3.  Potential  Energy.— The  organism  contains  many  chemical  compounds  which 
are  characterised  by  the  great  complexity  of  their  constitution,  by  the  imperfect 
saturation  of  their  affinities,  and  hence  by  their  great  tendency  to  split  up  into 
simpler  bodies.  ^        r  x 

The  body  can  transform  the  potential  energy  into  heat  as  well  as  into  kinetic 
energy,  the  latter  always  in  conjunction  with  the  former,  but  the  former  always  by 
itselt  alone  The  simplest  measure  of  t/ie  potential  energy  is  the  amount  of  heat 
which  can  be  obtained  by  complete  combustion  of  the  chemical  compounds  re- 
presenting the  potential  energy.  The  number  of  work-units  can  then  be  calculated 
trom  the  amount  of  heat  produced. 

4.  The  phenomena  of  electricity,  magnetism,  and  diamagnetism  may  be 
recognised  m  two  directions,  as  movements  of  the  smallest  particles,  which  are 
recognised  m  the  glowing  of  a  thin  wire  when  it  is  traversed  by  strong  electrical 
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currents  (against  conaiderable  resistance),  and  also  as  molar  movement,  as  in  tbe 
attraction  or  repulsion  ol:  the  magnetic  needle.  Electrical  phenomena  are  manifested 
in  our  bodies  by  muscle,  nerve,  and  glands,  but  these  phenomena  are  relatively  small 
in  amount  when  compared  with  the  other  forms  of  energy.  •  It  is  not  improbable 
that  the  electrical  phenomena  of  our  bodies  become  almost  completely  transformed 
into  heat.  As  yet  experiment  has  not  determined  with  accuracy  a  "  unit  of 
electricity  "  directly  comparable  with  the  "  heat-unit  "  and  the  "  work-unit.  " 

It  is  quite  certain  that  witliin  the  organism  one  form  of  energy  can  be  trans- 
formed into  another  form,  and  that  a  certain  amount  of  one  form  will  yield  a 
definite  amount  of  another  form  ;  further,  that  new  energy  never  arises  spontane- 
ously, nor  is  energy  already  present  ever  destroyed,  so  that  in  the  organism  the 
law  of  the  conservation  of  energy  is  continually  in  action. 

ANIMALS  AND  PLANTS. — The  animal  body  contains  a  quantity  of  chemically- 
potential  energy  stored  up  in  its  constituents.  The  total  amount  of  the  energy 
present  in  the  human  body  might  be  measured  by  burning  completely  an  entire 
human  body  in  a  calorimetey,  and  thereby  determining  how  many  heat-units  are 
produced  when  it  is  reduced  to  ashes  (see  Animal  Heat). 

The  chemical  compounds  containing  the  potential  energy  are  characterised  by  the 
complicated  relative  position  of  their  atoms,  by  a  comparatively  imperfect  saturation 
of  the  aflSnities  of  their  atoms,  by  the  relatively  small  amount  of  oxygen  which 
they  contain,  by  their  great  tendency  to  decomposition,  and  the  facility  with  which 
they  undergo  decomposition. 

If  a  man  were  not  supplied  with  food  he  would  lose  50  grammes  of  his  body- 
weight  every  hour ;  the  material  part  of  his  body,  which  contains  the  potential 
energy,  is  used  up,  oxygen  is  absorbed,  and  a  continual  process  of  combustion  takes 
place  ;  by  the  process  of  combustion  simpler  substances  are  formed  from  the  more 
complex  compounds,  whereby  potential  is  converted  into  kinetic  energy.  It  is  im- 
material whether  the  combustion  is  rapid  or  slow ;  the  same  amount  of  the  same 
chemical  substances  always  produces  the  same  amount  of  kinetic  energy,  i.e.,  of 
heat. 

A  person,  when  fasting,  experiences  after  a  certain  time  the  disagreeable  feeling 
of  exhaustion  of  his  reserve  of  potential  energy,  hunger  sets  in,  and  he  takes  food. 
All  food  for  the  animal  kingdom  is  obtained,  either  directly  or  indirectly,  from  the 
vec/etahle  kingdom.  Even  carnivora,  which  eat  the  flesh  of  other  animals,  only  eat 
organised  matter  which  has  been  formed  from  vegetable  food.  The  existence  of 
the  animal  kingdom  presupposes  the  existence  of  the  vegetable  kingdom. 

All  substances,  therefore,  necessary  for  the  food  of  animals  occur  in  vegetables. 
Besides  water  and  the  inorganic  constituents,  plants  contain,  amongst  other 
organic  compounds,  the  following  three  chief  representatives  of  food-stuffs— t&X&, 
carbohydrates,  and  proteids. 

All  these  contain  stores  of  potential  energy,  in  virtue  of  their  complex  chemical 
constitution. 

^,    ^  X  (  CnH..„.,0(OH)  =  fatty  acids  )  ,s.-,r,ix 

The  fats  contam:—       ,.  tr  \r^rj\      i      •  yis-'^^)- 
I  -^C.,H5(0H);,  =  glycerin  j 

The  carbohydrates  contain  :— C^HjoOr,      .       .     (§  252). 
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The  proteids  contain  per  cent.  :- 


C.  51-5-54-5  1 
H.    6-9-  7-3  I 

N.  15-2-17-0  i-  (§§  248  and  249). 
0.  20-9-23-5  j 
^  S.    0-3-  2-0  J 

A  man  who  takes  a  certain  amount  of  this  food  adds  thereto  oxygen  from  the 
air  in  the  process  of  respiration.  Combustion  or  oxidation  then  takes  place,  where- 
by chemically-potential  energy  is  transformed  into  heat. 

It  is  evident  that  the  products  of  this  combustion  must  be  bodies  of  simpler  con- 
stitution— bodies  with  less  complex  arrangement  of  their  atoms,  with  the  greatest 
possible  saturation  of  the  affinities  of  their  atoms,  of  greater  stability,  partly  rich  in 
O,  and  possessing  either  no  potential  energy,  or  only  very  little.  These  bodies  are 
carhon  dioxide,  CO^ ;  water,  ;  and  as  the  chief  representative  of  the  nitro- 
genous excreta,  urea  (CO(NH2)2),  which  has  still  a  small  amount  of  potential 
energy,  but  which  outside  the  body  readily  splits  into  CO2  and  ammonia  (NH.^). 

The  human  body  is  an  organism  in  which,  by  the  phenomena  of  oxidation,  the 
complex  nutritive  materials  of  the  vegetable  kingdom,  which  are  highly  charged 
with  potential  energy,  are  transformed  into  simple  chemical  bodies,  whereby  the 
potential  energy  is  transformed  into  the  equivalent  amount  of  kinetic  energy  (heat, 
work,  electrical  phenomena). 

But  how  do  plants  form  these  complex  food-stuffs  so  rich  in  potential  energy  ? 
It  is  plain  that  the  potential  energy  of  plants  must  be  obtained  from  some  other 
f  jrm  of  energy.  This  potential  energy  is  supplied  to  plants  by  the  rays  of  the 
sun,  whose  chemical  light-rays  are  absorbed  by  plants.  Without  the  rays  of  the 
sun  there  could  be  no  plants.  Plants  absorb  from  the  air  and  the  soil  CO.,,  H2O, 
NHg,  and  N,  of  which  carbon  dioxide,  water,  and  ammonia  (from  urea)  are  also 
produced  by  the  excreta  of  animals.  Plants  absorb  the  Jdnetic  energy  of  light  from 
the  sun's  rays  and  transform  it  into  potential  energy,  which  is  accumulated  during 
the  growth  of  the  plant  in  its  tissues,  and  in  the  food-stuffs  produced  in  them 
during  their  growth.  This  formation  of  complex  chemical  compounds  is  accom- 
panied by  the  simultaneous  excretion  of  0. 

Occa.sionally,  kinetic  energy,  such  as  we  universally  meet  with  in  animals,  is  liberated  in 
plunts.  Many  plants  develop  considerable  quantities  of  heat  in  their  flowers,  e.g.,  the  arum 
tube.  We  must  also  remember  that  during  the  formation  of  the  solid  parts  of  plants,  when 
Iluid  juices  are  changed  into  solid  masses,  heat  is  set  free.  In  plants,  under  certain  circum- 
stances, O  is  absorbed,  and  CO^  is  excreted,  but  these  processes  are  so  trivial  as  compared  with 
tlie  typical  condition  in  the  vegetable  kingdom,  that  they  may  be  regarded  as  of  small 
moment. 

Plants,  therefore,  are  organisms  which,  by  a  reduction  process,  transform  simple 
stable  combinations  into  complex  compounds,  whereby  potential  solar  energy  is 
transformed  into  the  chemically-potential  energy  of  vegetable  tissues.  Animals 
are  hvmg  beings,  which  by  oxidation  decompose  or  break  up  the  complex  grouping 
of  atoms  manufactured  by  plants,  whereby  potential  is  transformed  into  kinetic 
energy.  Thus,  there  is  a  constant  circulation  of  matter  and  a  constant  exchange  of 
energy  between  plants  and  animals.  All  the  energy  of  animals  is  derived  from 
plants.  All  the  energy  of  plants  arises  from  the  sun.  Thus  the  sun  is  the  cause, 
the  ongmal  source  of  all  energy  in  the  organism,  i.e.,  of  the  whole  of  life. 


-"^''"^  INTRODUCTION. 

As  the  formation  of  solar  heat  and  solar  light  is  explicable  by  the  gravitation  of 
masses,  gravity  is  perhaps  the  original  form  of  energy  of  all  life. 

We  may  thus  represent  the  formation  of  kinetic  energy  in  the  animal  body  from 
the  potential  energy  of  plants.  Let  us  suppose  the  atoms  of  the  substances  formed 
in  organisms,  as  simple  small  bodies,  balls,  or  blocks.  As  long  as  these  lie  in  a 
smgle  layer,  or  in  a  few  layers,  upon  the  surface,  there  is  a  stable  arrangement 
and  they  continue  to  remain  at  rest.  If,  however,  an  artificial  tower  be  built  of 
these  blocks,  so  that  an  unstable  erection  is  produced,  and  the  same  tower  be  after- 
wards knocked  down,  then  for  this  purpose  we  require-(l)  the  motor  power  of  the 
workman  who  lifts  and  carries  the  blocks  ;  (2)  a  blow  or  other  impulse  from  with- 
out applied  to  the  unstable  structure— when  the  atoms  will  fall  together,  and  as 
they  fall  collide  with  each  other  and  produce  heat.  Thus,  the  energy  employed  by 
the  workman  is  again  transformed  into  the  last-named  form  of  energy. 

In  plants  the  complex  unstable  building  of  the  groups  of  atoms  is  carried  on, 
the  constructer  being  the  sun.  In  animals,  which  eat  plants,  the  complex  groups 
of  the  atoms  are  tumbled  down,  with  the  liberation  of  kinetic  energy. 

Vital  Energy  and  Life.— The  forces  which  act  in  organisms,  in  plants,  and 
animals  are  exactly  the  same  as  are  recognisable  as  acting  in  dead  matter.  A  so- 
called  "  vital  force,"  as  a  special  force  of  a  peculiar  kind,  causing  and  governing  the 
vital  phenomena  of  living  beings,  does  not  exist.  The  forces  of  all  matter,  of 
organised  as  well  as  unorganised,  exist  in  connection  with  their  smallest  particles 
or  atoms.  As,  however,  the  smallest  particles  of  organised  matter  are,  for  the 
most  part,  arranged  in  a  very  complicated  way,  compared  with  the  much  simpler 
composition  of  inorganic  bodies,  so  the  forces  of  the  organism  connected  with  the 
smallest  particles  yield  more  complicated  phenomena  and  combinations,  whereby  it 
is  excessively  difficult  to  ascribe  the  vital  phenomena  in  organisms  to  the  simple 
fundamental  laws  of  physics  and  chemistry. 

The  Exchange  of  Material,  or  Metabolism  ("  Stoffweclisel ")  as  a  Sign  of  Life. 
— Nevertheless,  there  appears  to  be  a  special  exchange  of  matter  and  energy 
peculiar  to  living  beings.  This  consists  in  the  capacity  of  organisms  to  assimilate 
the  matter  of  their  surroundings,  and  to  work  it  up  into  their  own  constitution,  so 
that  it  forms  for  a  time  an  integral  part  of  the  living  being,  to  be  given  ofi  again. 
The  whole  series  of  phenomena  is  called  metabolism  or  "  Stoflfwechsel,"  which 
consists  in  the  introduction,  assimilation,  integration,  and  excretion  of  matter. 

We  have  already  shown  that  the  metabolism  of  plants  and  that  of  animals  are 
quite  different.  The  processes,  as  already  described,  actually  occur  in  the  typical 
higher  plants  and  animals. 

But  there  is  a  large  group  of  organisms  which,  throughout  their  entire  organisa- 
tion, exhibit  so  low  a  degree  of  development,  that  by  some  observers  they  are  con- 
sidered as  undifferentiated  "ground-forms."  They  are  regarded  as  neither  plants 
nor  animals,  and  are  the  most  simple  forms  of  animated  matter.  Haeckel  has 
called  these  organisms  Protistse,  as  being  the  original  and  primitive  forms. 

We  must  assume  that,  corresponding  with  their  simpler  vital  conditions,  their 
metabolism  is  also  simpler,  but  on  this  point  we  still  require  further  observations 
and  experiments. 
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[The  blood  is  aptly  described  by  Claude  Bernard  as  an  internal  medium  which 
acts  as  a  "go-between  "  or  medium  of  exchange  for  the  outer  world  and  the  tissues. 
Into  it  are  poured  those  substances  which  have  been  subjected  to  the  action  of  the 
digestive  fluids,  and  in  the  lungs  or  other  respiratory  organs  it  receives  oxygen. 
It  thus  contains  neiv  substances,  but  in  its  passage  through  the  tissues  it  gives  up 
•some  of  these  new  substances,  and  receives  in  exchange  certain  waste  products 
which  have  to  be  got  rid  of.  Its  composition  is  thus  highly  complex.  Besides 
carrying  the  neiu  nutrient  fluids  to  the  tissues,  it  is  also  the  great  oxygen-carrier, 
as  well  as  the  medium  by  which  some  of  the  waste  products,  e.g.,  CO.,,  urea,  are 
removed /ro??!  the  tissues,  and  brought  to  the  organs,  e.g.,  the  lungs,  kidneys,  skin, 
which  eliminate  them  from  the  body.  It  is  at  once  a  great  pabulum-supplying 
medium  and  a  channel  for  getting  lid  of  useless  materials.  As  the  composition  of 
the  organs  through  which  the  blood  flows  varies,  it  is  evident  that  its  composition 
must  vary  in  different  parts  of  the  circulatory  system ;  and  it  also  varies  in  the 
.same  individual  under  different  conditions.  Still,  with  slight  variations,  there  are 
certain  general  physical,  histological,  and  chemical  properties  which  characterise 
blood  as  a  vjhole.l^ 

1.  PHYSICAL  PROPERTIES.— (1)  Colour.— The  colour  of  blood  varies  from  a 
bright  scarlet-red  in  the  arteries  to  a  deep,  dark,  bluish-red  in  the  veins.  Oxygen 
{and,  therefore,  the  air)  makes  the  blood  bright  red ;  want  of  oxygen  makes  it 
dark.  _  Blood  free  from  oxygen  (and  also  venous  blood)  is  dichroic—i.e.,  by  reflected 
light  It  appears  dark  red,  while  by  transmitted  light  it  is  green.  [Arterial  blood  is 
inonochroic] 

In  thin  layers  blood  is  opaque,  as  is  easily  shown  by  shaking  blood  so  as  to  form 
bubbles,  or  by  allowing  blood  to  fall  upon  a  plate  with  a  pattern  on  it,  and  pouring 
It  oif  again.  [Printed  matter  cannot  be  read  through  a  thin  layer  of  blood  spread  on 
a  glass  slide.]  Blood  behaves,  therefore,  like  an  "  opaque  colour,"  as  its  colouring- 
matter  IS  suspended  in  the  form  of  fine  particles— the  blood-corpuscles. 

Hence,  it  is  po.s.sible  to  separate  the  colouring-matter  from  the  fluid  part  of  the  blood  by 
titration.  This  is  accomplished  by  mixing  the  blood  with  fluids  which  render  the  blood- 
corpuscles  sticky  or  rough.  If' mammalian  blood  be  treated  with  oue-seventh  of  its  volume  of 
.solution  of  sodic  sulphate,  or  if  frog's  blood  be  mi.xed  with  a  2  per  cent,  .solution  of  sugar  {Joh. 
the  mter"   hltei-cd,  tlie  shrivelled  corpuscles,  now  robbed  of  part  of  their  water,  remain  upon 

(2)  Reaction.— The  reaction  is  alkaline,  owing  to  the  presence  of  disodic 
phosphate,  Na.HPO^,  and  bicarbonate  of  soda.  After  blood  is  shed,  its  alkalinity 
rapidly  diminishes,  and  this  occurs  more  rapidly  the  greater  the  alkalinity  of  the 
blood,  ihis  is  due  to  the  formation  of  an  acid,  in-  which,  perhaps,  the  coloured 
corpuscles  take  part,  owing  to  the  decomposition  of  their  colouring-matter.    A  high 
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temperature  and  the  addition  of  an  alkali  i'avour  the  foniiatiou  of  the  acid  (A"". 
Zunvi). 

Tht!  alkaline  reaction  of  blood  is  dimini.sliud  :  (o)  by  great  nnisculai'  exertion,  owing  to  the 
t'orniatiou  of  a  largo  amount  of  aeid  in  the  niuscles  ;  ()3)  <luriiig  coaguhition  ;  (7)  in  old  blood, 
or  blood  dissolved  by  water  from  okl  blood-stains,  such  bhiod  being  usually  acid  ;  fresh  cruor 
has  a  stronger  alkaline  reaction  than  serum  ;  (5)  after  the  prolonged  use  of  soda  the  alkalinity 
is  increased,  after  the  use  of  acids  it  is  decreased. 

Methods. — Owing  to  the  colour  of  the  blood  we  cannot  employ  ordinary  litmus  jjaper  to  test 
its  reaction.  One  ot  the  following  methods  may  be  used  :— (1)  Moisten  a  .strip  of  glazed  red 
litmus  paper  with  stdution  of  common  salt,  and  allow  a  drop  of  blood  to  full  on  tlic  paper ; 
then  rapidly  wipe  it  off  before  its  colouring  matter  has  time  to  penetrate  and  tinge  the  paper 
(Ziont::).  (2)  Liebreicli  used  thin  plates  of  plaster-of- Paris  of  a  perfectly  neutral  reaction. 
Those  are  dried,  and  afterwards  moistened  with  a  neutral  solution  of  litmus.  Wlien  a  drop  of 
blood  is  placed  upon  the  porous  plate,  the  iluid  part  of  the  blood  i)asses  into  it,  while  the 
corpuscles  are  washed  off  with  water,  and  the  altered  colour  of  the  litmus-.stained  .slab  is 
apparent.  [(3)  Schiifer  uses  dry  faintly-reddened  glazed  litmus  paper,  and  on  it  is  placed  a 
drop  of  blood,  which  is  wiped  olf  after  a  few  seconds.  The  place  where  the  blood  rested  is 
indicated  by  a  blue  patch  upon  a  red  or  violet  ground.] 

Estimation  of  the  Alkalinity.— A  very  dilute  solution  of  tartaric  acid  (1  cubic  centimetre 
combines  with  3-1  milligrams  of  soda,  i.e.,  1  litre  of  water  contains  7-5  grams  of  crystallised 
tartaric  acid)  is  added  to  blood  until  a  blue  litmus  paper  is  turned  red  (by  Zuutz's  method). 
100  crvams  of  rabbit's  blood  have  an  alkalinity  corresponding  to  150  milligrams  of  soda;  the 
blood  of  carnivora  to  about  180  milligrams  {Lassar),  while  100  c.c.  of  normal  human  blood  have 
an  alkalinity  equal  to  260-300  milligrams  of  soda  (u  Jaksch). 

The  followiuo-  method  can  be  used  with  a  few  drops  of  blood  :— To  neutralise  the  blood,  tar- 
taric acid  in  the  above  concentration  is  used.  Prepare  the  following  mixture  by  mixing  it  with 
a  concentrated  neutral  solution  of  sodic  sulphate,  and  then  adding  sodic  sulphate  until  the 
mixture  is  completely  saturated.  I.,  10  parts  of  sohition  of  tartaric  acid  to  100  parts  ot  con- 
centrated sodic  sulphate  sohttiou  ;  IL,  20  parts  tartaric  acid  solution  to  90  sodic  sulphate  solu- 
tion •  III  contains  these  substances  in  the  proportion  of  30  to  80  ;  Iv.,  40  to  /O  ;  \  -  ,  oU  to 
60  ;  'VL,  60  to  50  ;  VII.,  70  to  40  ;  VIII.,  80  to  30  ;  IX.,  90  to  20  ;  and  X.,  100  to  10.  Excess 
of  sodic  sulphate  is  in-escnt  in  all  the  flasks.  .     ,     .  ,  ,1         p      i  r 

A  known  volume  of  the  blood  to  be  investigated  is  mixed  with  an  equal  volume  ot  each  ol 
the  mixtures,  in  a  small  tube,  which  is  made  by  drawing  out  a  glass  tube  1_  millimetre  n. 
diameter  to  a  fine  point.  To  calibrate  this  tube,  suck  up  water,  say,  to  the,  height  ot  8  mm., 
make  a  mark  on  the  tube  with  a  fine  file,  then  suck  up  the  water  until  its  lower  level  corre- 
sponds with  the  mark.  Again  mark  the  upper  limit  of  the  water.  To  test  the  blood,  suck  a 
.Iron  of  the  mixture  I.  up  to  the  level  of  the  first  mark  on  the  glass  pipette,  and  after  \yiping 
its  point,  suck  up  an  eqiU  quantity  of  blood.  Again  clean  the  point  ot  tllf.FPett^,  a^d  b^^^^^^^^ 
its  contents  into  a  watch-glass;  then  mix,  and  test  the  reaction  with  sensitive  violet-colo^^^^^^^^ 
litmus  paper.  Proceed  in  the  same  way  with  the  several  mixtures  II.,  to  X.,  until  t lie 
alkalinJreLtioi.  disappears  or  the  acid  appears.  The  narrow  strips  o  litmus  P^^";^  dipped 
into  each  of  the  mixtures,  the  corpuscles  remain  in  the  wetted  part  of  tl  e  paF» 
Huid  permeates  further  and  shows  the  reaction.  As  a  rule,  the  degree  of  alkalinity  111  human 
blood^Tor  esponds  to  VL  Human  blood  can  be  sucked  dii-ectly  Irom  a  small  wound  made 
bra  neeTireitherby  attaching  an  elastic  tube  or  a  small  hypodermic  syringe  to  the  pipette 

^^pSogicaL-The  alkalinity  is  increased  during  Pey.«i«tent  vomiting,  and  decrea.s^^^^ 
nronounced  anaemia,  cachexia,  unemia,  rheumatism,  high  lever,  diabetes,  and  choleia.  [Imme- 
Iliately  before  death  by  cholera  it  may  be  acid  [Ganlani).^  _ 

(3)  Odour.— Blood  emits  a  peculiar  odour,  the  halitus  sanguinis,  which  ditlers 
in  animals  and  man.  . 

It  depends  upon  the  presence  of  volatile  fatty  acids.  If  coiiceiitrated  sulphuric  acid  be  added 
to  blood  wheX  the  volatile  fatty  acids  are  set  free  from  their  combinations  with  alkal  e.,  the 
ihaiactekrt^L  ocl^3'^ir,  siinilar  to  that  of  butyric  acid,  becomes  much  more  pe.-cept.ble. 

(4)  Taste.— Blood  has  a  saline  taste,  depending  upon  the  salts  dissolved  m  the 
fluid  of  the  blood. 

(.5)  Specific  Gravity.-The  specific  gravity  is  1056-10r,9  m  man,  IO0I-IO6., 
in  woman  ;  in  children  less.  The  .specific  gravity  of  the  blood-corpuscles  is  llOo, 
that  of  the  plasma  1027.    Hence  the  corpuscles  tend  to  sink. 

OUnical  Method._A  thin  glass  t.ibe  is  drawn  out  till  it  is  of  --J^-l^^/?],,^"^^^^^^^^^^^^ 
a  ricdit  aii'do  and  closed  above  with  a  caoutchouc  cap.    Press  sligljtlj  on  tl  e  c«o"tcno^^^^^^ 
Lc&  up  a  drop  of  the  freshly-drawn  blood  obtained  by  pncking  the  huge.-.    Ihe  hue  capil 
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lary-tubc  is  at  once  immersed  in  a  solution  of  sodic  sulpliato,  and  a  drop  of  the  blood  expressed 
into  the  saline  sohition.  It  is  necessary  to  prepare  several  solutions  of  sodic  sulphate  witli 
specific  gravities  varying  from  1050-1070.  The  sohition  in  whicli  the  corpuscles  remain 
suspended  indicates  the  specific  gravity  of  the  blood  {Ruij,  Landois). 

The  drinking  of  water  and  hunger  diminish  the  sjiecific  gravity  temporarily,  while  thirst  and 
the  digestion  of  dry  food  raise  it.  If  blood  be  passed  through  an  organ  artificially,  its  specific 
gravity  rises  in  consequence  of  the  absorption  of  dissolved  matters  and  the  giving  off  of  water. 
It  falls  after  hemorrhage,  and  is  diminished  in  badly-nourished  individuals.  [By  workin''-- 
with  solutions  of  glycerine,  Jones  finds  that  it  is  highest  at  birth,  is  at  a  minimum  between  the 
second  week  and  the  second  year;  it  rises  gradually  until  the  35th-4.5th  year.  It  is  usuallv 
higher  in  the  male  than  the  female,  is  diminished  by  pregnancy,  the  ingestion  of  solid  or  liquid 
food,  and  gentle  exercise.] 

[(6)  Temperature. — Blood  is  viscid,  and  its  temperature  varies  from  36-5°  C 
(97-7°  F.)  to  37-8°  (100°  F.).  Tiae  warmest  blood  in  the  body  is  that  of  tlie 
hepatic  vein  (§210).] 

2.  MICROSCOPIC  EXAMINATION.~[BIood,  when  examinedby  the  microscope, 
13  seen  to  consist  of  an  enormous  number  of  corpuscles— coloured  and  colourless-- 
floating  in  a  transparent  fluid,  the  plasma,  or  liquor  sanguinis. 


A 


B 


msc^e.  H  ^l°°'}-™''Pf«les--l  on  the  flat;  2,  on  edge  ;  3,  rouleau  of  coloured  cor- 
puscles. 13,  amphibian  coloured  blood-corpuscles-1,  on  the  flat :  2,  on  edge.  C  ideal 
diameter  •  erf  thickne^ss        '  blood-corpuscle  magnified  5000  time?  linear-ai, 

Human  Red  Blood-Corpuscles.— (r,)  Form.— They  are  circular,  coin-shaiied, 
homogeneous  discs,  with  saucer-like  depressions  on  both  surfaces,  and  with  rounded 
margins;  m  other  words,  they  are  bi-concave,  circular  non-nucleated  discs, 
^fi    1  .  ^"^^ (6-''-9-3yu)  the  greatest  thickness  {cd)  1-9^ 

■  h  ■'  V''  n  "^'"0-  to  y^Vo-  of  an  inch  in  diameter,  and  about  one-fourth  of 
that  in  thickness]. 

tennlratre'SJ^'^fit'V"  ^'"'''^  \n^r^it\o^^,  morphia,  increased  bodily 

ofa kohd  nui  it         I?  /  ^vT^'^^'-y  condition  of  the  blood,  cold,  consumption 

oj.  aiconoi,  quinine,  and  hydrocyanic  acid.    CWpare  §  10,  3.  • 

It  tfie  tota  amount  of  blood  in  a  man  be  taken  at  4400  cubic  centimetres   the  cornusclp<* 

aS'lf^ro'^et'lFs  cnl"-''"'^  "^^'1'  ^f'^'^''  ^'^^'^     e^i^Tlo  rsqTaVe  sfirracnS^ ' 

blood  cornus^lcs  in  ?hi,         '^^i'  .in'.'^tfes  of  blood  pass  through  the  lungs  in  a  second,  and  the 

suS:wiura:i,"\tiV;a:eTj^S  ^1""'  '  ^"i"'^'-^ 

('■)  The  weight  of  a  blood-corpuscle  is  0-00008  milligramme. 
sign^a^!^l^S4Srr^^^::f  of  amillimetre(M  =  0-001  mm.),  and  is  the 
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(d)  The  number  exceeds  5,000,000  per  cubic  millimetre  iu  the  male,  and 
4,500,000  in  the  female  ;  so  that,  in  10  lbs.  of  blood,  there  are  25  billions  of 
corpuscles.  The  number  is  in  inverse  ratio  to  the  amount  of  plasma ;  hence,  the 
number  must  vary  with  the  state  of  contraction  of  the  blood-vessels,  the  pressure, 
diffusion  currents,  and  other  conditions. 

The  number  of  rod  corpuscles  is  increased  ;  in  venous  blood  (especially  in  the  small  cutane- 
ous veins),  after  the  use  of  solid  food,  alter  niucli  sweating,  and  the  excretion  of  much  water  by 
the  bowel  and  kidneys  ;  during  inanition,  because  tlic  blood-plasma  undergoes  decon)position 
sooner  than  the  blood-corpuscles  themselves  ;  in  the  blood  of  the  newly-born  child,  especially 
when  the  umbilical  cord  is  long  in  being  tied  (§  40),  from  the  4tli  day  onward  the  number  is 
«Uminished  ;  in  persons  of  robust  constitution,  and  iu  those  who  live  in  the  country.  The 
number  is  diminished,  during  ])rcguancy,  after  copious  draughts  of  water-  In  the  earlier 
period  of  fcctal  life  the  number  is  only  ^-1  million  in  1  cubic  millimetre.  (For  the  pathological 
conditions  see  §  10.) 

Methods  of  Counting  the  Blood-Coi-puscles.  — The  pointed  end  of  a  glass  pipette  (fig.  3),  the 
luixer,  is  dipped  into  the  blood,  and  by  sucking  the  elastic  tube/,  blood  is  drawn  into  the  tube 


B 


Fig.  2. 

Ajiparatus  of  Abbe  and  Zeiss  for  counting  the 
corpuscles.  A,  in  section  ;  C,  surface  view 
without  cover-glass ;  B,  microscopic  appear- 
ance with  the  blood-corpuscles. 


Fig.  3. 
The  Mclaiujiur,  pipette 
or  mixer. 


until  it  reaches  the  mark  i,  on  the  stem  of  the  pipette,  or  until  the  '""'-^/.i^^^/^^Jrv!; ,  ^^^^ 
carefully-cleaned  point  of  the  pi,.ette  is  dipped  into  the  artificial  senin  and  tins  mucked  -to 
the  pipette  until  it  reaches  the  n.ark,  101.  Tlie  artiticml  serum  consist,  ot  1  vol  of  solut.on  o. 
-uni  arable  (sp.  gr.  1020)  and  3  vols,  of  a  solution  of  equal  parts  ot  sodie  sulphate  ami  sna  c 
:^h  oridc  (sp  gr.  1020).  The  process  of  mixing  the  two  lUiids  is  aided  by  the  If  ^f'^^  *''^. 
gks  ball  («)1n  the  bulb  of  t'hc  pipette.    If  blood  is  sucked  up  to  .J-^jf;,  ^'S!  t 

ri.e  mixture  is  1  :  200  ;  if  to  the  n.ark  1,  it  is  1  :  100  ;  a  small  drop  f  ""^^"L^  ,ot  use  1  i" 
run  into  the  counting  chamber  of  Abbe  and  Zeiss  fig.  2).  ^''«p'"f *  1^  ^VC.^'^l^,-^^  «  'a  I'la^ 
order  to  obtain  a  uniform  sample  from  the  bulb  of  the  pipette.    Ihiscliambei  consists  „ia 
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receptacle  01  mm.  deep,  with  its  base  ilividcd  into  sr|uares,  and  cemented  to  a  glass  slide,  tlio 
whole  being  covered  with  a  thin  covering-glass.  The  space  over  each  sqnare  =  ^^^^nr  cubic 
nullimctre.  Count,  with  the  aid  of  a  microscope,  the  nnmber  of  blood-corpuscles  in  each 
square,  and  the  number  found,  multiplied  by  4000,  will  give  tlie  number  of  blood-corpuscles  in 
1  c.mm.  This  number,  again,  must  be  multiidied  by  100  or  200,  according  as  the  blood  was 
diluted  100  or  200  times.  '  To  ensure  greater  accuracy,  it  is  well  to  count  the  number  in  several 
squares,  and  to  take  the  mean  of  these. 

[Gowei-s'  Method. — "  Tlie  Hseniacytometer  (fig.  4)  consists  of — (1)  a  small  pipette,  wliich,  when 
filled  to  tlie  mark  on  its  stem,  holds  exactly  995  cubic  millimetres.  It  is  furnished  with  an 
india-rubber  tube  and  mouthpiece  to  facilitate  filling  and  emptying.  (2)  A  capillary  tube 
marked  to  contain  exactly  5  cubic  millimetres,  with  india-rubber  tube  for  filling,  &c.  (3)  A 
small  glass  jar  in  which  the  dilution  is  made.  (4)  A  glass  stirrer  for  mixing  the  blood  and 
solution  in  the  glass  jar.  (5)  A  brass  stage  plate,  carrying  a  glass  slip,  on  which  is  a  cell,  -g^  of  a 
millimetre  deep.  The  bottom  of  this,  is  divided  into  millimetre  squares.  Upon  the  top  of 
the  cell  rests  the  cover-glass,  which  is  kept  in  its  place  by  the  pressure  of  two  springs  proceeding 
from  the  ends  of  the  stage  plate."  The  diluting  solution  used  is  a  solution  of  sodic  sulphate  in 
distilled  water,  sp.  gr.  1025,  or  the  following — sodic  sulphate,  104  grains  ;  acetic  acid,  1  drachm  ; 
distilled  water,  4  oz. 

"995  cubic  millimetres  of  the  solution  are  placed  in  the  mixing  jar  ;  5  cubic  millimetres  of 
blood  are  drawn  into  tlie  capillary  tube  from  the  puncture  in  the  finger,  and  then  blown  into 
the  solution.  The  two  fluids  are  well  mixed  by  rotating  the  stirrer  between  the  thumb  and 
finger,  and  a  small  drop  of  this  dilution  is  placed  in  the  centre  of  the  cell,  the  covering- 


Fig.  4. 

Gowers'  apparatus.  A,  pipette  for  measuring  the  diluting  solution  ;  B,  capillary  tube  for 
measuring  the  blood  ;  C,  cell  with  divisions  on  the  floor,  mounted  on  a  slide  ;  \),  vessel  in 
which  the  dilution  is  made  ;  E,  glass  stirrer  ;  F,  guarded  spear-pointed  needle. 

glass  gently  put  upon  the  cell,  and  secured  by  the  two  springs,  and  the  plate  placed  upon  the 
stage  of  the  microscope.  The  lens  is  then  focussed  for  the  squares.  In  a  few  minutes  the 
corpuscles  have  sunk  to  the  bottom  of  the  cell,  and  are  seen  at  rest  on  tlie  squares.  The 
number  in  ten  squares  is  then  counted,  and  this,  multiplied  by  10,000,  gives  the  number  in 
a  cubic  millimetre  of  blood." 

To  estimate  the  colourless  corpuscles  only,  mix  the  blood  with  10  parts  of  0-5  per  cent,  solu- 
tion of  acetic  acid,  which  destroys  all  the  red  corpuscles  {Thoma). 

(e)  Red  blood-corpuscles  are  characterised  by  their  great  elasticity,  flexibility, 
and  softness.  _  [The  elastic  propertjMS  shown  by  the  extent  to  which  led  corpuscles 
while  circulating  may  be  distorted,  and  yet  resume  their  original  foim  as  soon  as 
the  pressure  is  removed.] 
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3.  HISTOLOGY  OF  THE  HUMAN  RED  BLOOD-CORPUSCLES.— When 
observed  siiifrly,  human  red  blood-corpuscles  arc  bi-concave  circular  discs  of  a 
yellow  colour  with  a  slight  tinge  of  green  ;  they  seem  to  be  devoid  of  an  envelope, 
are  certainly  non-nucleat(!d,  and  apjjear  to  be  homogeneous  throughout.  Each 
corpuscle  consists  (1)  of  a  framework,  an  exceedingly  pale,  transi)arent,  soft 
protoplasm— the  stroma ;  and  (2)  of  the  red  pigment,  or  hse.moglobm,  which 
impregnates  the  stroma,  much  as  fluid  passes  into  and  m  retained  in  the  interstices 
of  a  bath-sponge. 

4  EFFECT  OF  REAGENTS.— (A)  On  their  Vital  Phenomena.— The  blood- 
corpuscles  present  in  shed  blood— or  even  in  dcfibrinatcd  blood,  when  \t  is 
reintroduced  into  the  circulation— retain  their  vitality  and  functions  undiminished. 
Heat  acts  powerfully  on  their  vitality,  for  if  blood  be  heated  to  52°  C,  the  vitality 
of  the  red  corpuscles  is  destroyed.  Mammalian  blood  may  be  kept  for  four  or 
iive  days  in  a  vessel  under  iced  water,  and  still  retain  its  functions;  but  if  it  be 
kent  longer,  and  reintroduced  into  the  circulation,  the  corpuscles  rapidly  break  up 
°  —a  proof  that   they  have  lost 

their  vitality.    The  red  corpuscles 
in  freshly  shed  blood  sometimes 
exhibit  a  jieculiar  mulberry-like 
appearance  (figs.  5,  6,  fj,  h).  [This 
is  called  crenation  of  the  coloured 
corpuscles.      It  occurs  in  cases 
of  poisoning  with  Calabar  bean  ; 
and  also  by  the  addition  of  a  2  per 
cent,  solution  of  common  salt.] 
The  blood  of  many  persons  crenates 
spontaneously  —  a   condition  as- 
cribed to  au  active  contraction  of 
the  stroma,  but  it  is  doubtful  if 
this  is  the  cause.    The  red  cor- 
puscles of  the  embryo-chick  undergo 
active  contraction. 

(B)  On  their  External  Charac- 
ters.— («)  The  colour  is  changed 
by  many  gases.    O  makes  blood 
Fig.  5.  scarlet,  want  of  0  renders  it  dark 

Crenation  of  liuman  red  blood-corpuscles.  bluish-red,  CO  makes  it  cherry-red, 

NO  violet-red     There  is  no  difference  between  the  shape  of  the  corpuscles  in  arterial 
fnd  venous  blood.    All  reagents  (..,.,  a  concentrated  -1^1;'--  ,-^^^ 
which  cause  great  shrinking  of  the  coloured  corpuscles,  prodiice  a  e^^^^^ 
or  brick-red  colour.    The  red  colour  so-produced  is  quite  different  from  tbe  scai  ei 
Zd  oU^tliTod.    Reagents  which' render  blood-corpuscles  globular  darken  the 

:^;r!rLystriH..,  if  we,oinpa.^ 
salt  has  been  added  with  blood  to  ^^Inch  water  has  bee    added  \\ 
is  bright  red,  and  the  other  a  very  dark  deep  cnn.son,  almost  black.  J 

a)  Formation  of  Rouleanx.-A  very  common  phenomenon  in  shed  blood  is  the 
tendency  of  the  corpuscles  to  run  into  rouleaux  (hg.  1,  A,  .^J- 

CondiLs  that  inerease  the  coagulability     ^  ^o^^^  J^^^^:^ 
ascribed  by  Dogiel  to  the  attraction  o  the  ^l^^^^s  «  ,o r  -us eles  may  be  detached  Irom 

,;ause  of  the  formation  of  rouleaux  is  by  uo  means  «  f^^^^J  ,^1°  ^  v-foru..  Lister  suggested 
each  other  by  gently  toucdnug  the  .^^Vt^ ^^^^^  "'"^"^  '"V 

^S^llt:  wXS^tSES^^  ^-^^"^  submersion.o,the  cork 
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Jiscs.  These  discs  rapidly  coliore,  owing  to  capillarity,  and  form  rouleaux.  If  tlie  discs  be 
<;ompletely  submerged  tliey  remain  apart,  as  occurs  with  unaltered  blood-corpusoles  within  the 
blood-vessels.  If,1iowever,  the  cor])USc]es  be  dipped  in  peUoknim,  and  then  placed  in  water, 
rouleaux  are  formed.]  If  reagents  which  cause  the  corpuscles  to  swell  up  bo  added  to  the  blood, 
the  corpuscles  become  globular  and  the  rouleaux  break  up.  According  to  E.  Weber  and  Suchard, 
the  uniting  meilium  is  not  fibrin  (although  it  may  sometimes  assume  a  fibrous  form),  but  belongs 
to  the  peripheral  layer  of  the  corpuscles. 

(c)  Changes  of  Form. — The  discharge  of  a  Leyden  jar  causes  tlie  corpuscles  to 
crenate,  so  that  their  surfaces  are  beset  with  coarse  or  fine  projections  (fig.  6,  c,  d, 
■<',  9,^0 'j  causes  the  corpuscles  to  assume  a  spherical  form  (i,  i),  and  they 


Fig.  6. 


Ked  blood-corpuscles,  a,  h,  nornaal  human  red  corpuscles,  the  central  depression  more  or  less 
in  focus  ;  c,  cl,  e,  mulberry,  and  cj,  h,  crenated  forms  ;  k,  pale  corpuscles  decolorised  by 
water  ;  I,  stroma  ;  /,  frog's  blood-corpuscle  acted  on  by  a  strong  saline  solution. 

become  smaller  than  normal.  The  corpuscles  so  altered  are  sticky,  and  run  together 
like  drops  of  oil,  forming  larger  spheres.  The  prolonged  action  of  the  electrical 
spark  causes  the  haemoglobin  to  separate  from  the  stroma  (/(•),  whereby  the  fluid 
part  of  the  blood  is  reddened,  while  the  stroma  is  recognisable  only  as  a  faint 
shadow  (/).  Similar  forms  are  to  be  found  in  decomposing  blood,  as  well  as  after 
the  action  of  many  other  reagents.  Heat. — When  blood  is  heated,  on  a  warm 
stage,  to  .52°  C.  the  corpuscles  exhibit  remarkable  changes.  Some  of  them  become 
spherical,  others  biscuit-shaped  ;  some  are  perforated,  while  in  others  small  portions 
become  detached  and  swim  about  in  the  surrounding  fluid,  a  proof  that  heat 
destroys  the  histological  individuality  of  the  corpuscles.  If  the  heat  be  continued, 
the  corpuscles  are  ultimately  dissolved  (§  10,  3). 

Heat  acts  like  the  addition  of  a  concentrated  solution  of  urea  to  blood.  If  strong  pressure 
be  exerted  upon  a  microscopic  preparation,  the  blood-corpuscles  may  break  in  pieces.  The 
latter  process  is  called  hsemocytotrypsis,  in  contradistinction  to  that  of  solution  of  the  cor- 
puscles or  haBmocytolysis. 

If  a  finger  moistened  with  blood  be  rapidly  drawn  across  a  warm  slip  of  glass,  so  that  the 
Huid  dries  rapidly,  the  corpuscles  exhibit  very  remarkable  shapes,  showing  their  great  ductility 
and  softness. 

Cytozoon— Gaule's  Experiment. — A  few  drops  of  freshly-shed  frog's  Wood  are  mixed  with  5 
c.c.  of  0'6  per  cent,  solution  of  common  salt,  and  the  mixture  defibriuated  by  shaking  it  along 
\yith  a  few  c.c.  of  mercury.  A  drop  of  the  defibrinated  blood  is  e.xamined  on  a  hot  stage 
f.30°-32°  C. )  under  a  microscope,  when  a  protoplasmic  mass,  the  so-called  "  IFilrmclwn" 
escapes  with  a  lively  movement  from  many  corjiuscles,  and  ultimately  dissolves.  Similar 
"cytozoa"  were  discovered  by  Gaule  in  the  epithelium  of  the  cornea,  of  the  stomach  and 
intestine,  in  connective-tissue,  in  most  of  the  large  glands,  and  in  the  retina  (frog,  triton).  In 
mammals  also  he  found  similar  but  smaller  structures.  Most  probably  these  structures  are 
parasitic  in  their  nature,  as  suggested  by  Ray  Lankester,  who  called  the  parasite  Drepanidium 
ranarum. 

[Staining  Reagents. — Such  reagents  as  magenta,  picro-carmine,  carmine,  and 
many  of  the  aniline  dyes,  stain  the  nucleus  deeply  Avhen  .such  is  present,  and 
although  they  must  traverse  the  hiemoglobin  to  reach  the  nucleus,  the  hiemoglobin 
itself  is  not  fjtained.    When  no  nucleus  is  present,  therefore,  the  corpuscles  are  not 
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stained.  Magenta  causes  one  or  more  small  spots  or  maculiL-  to  appear  on  the  edge 
of  tlie  corpuscles  (tig.  7,  a).  What  its  signilicance  is,  is  entirely  unknown.  Normal 
saline  solution  (0-6  per  cent.  NaCl),  tinged  with  methyl  violet,  is  a  good  staniing 
and  preservative  agent.] 

FAgitation  with  Mercury.— If  ox  blood  bi*  shaken  up  with  iiicrcuiy  for  7  or  8  liours  the  cor- 
puscks  .■oinplctcly  disappuar,  no  trace  of  stroma  or  corpuscles  l.eiu-  fouu.  m  the  luid  {Mcllzer 
and  U'cldt)  Tho  addition  of  pyrogallic  acid  (20  per  ccut.),  potassic  chlorate  (6  per  cent.), 
and  silver  nitrate  (3  per  cent.),  completely  prevents  dissolution  ot  the  corpuscles,  even  tliougli 
the  shaking  be  kept  up  for  fourteen  days.]  ,    ,  ,    ,^    i  x-     u     1 1„ i 

If  blood  be  mixed  with  concentrated  gum  solution,  and  if  concentrated  salt  solution  be  added 
to  it  under  the  microscope,  the  corpuscles  assuine  elongated  forms.  Similar  forms  arc  ^'ir! 
by  miKing  blood  with  in  equal  volume  of  gelatine  at  36"  C,  allowing  it  to  cool,  and  the 
making  sections  of  the  coagulated  mass.  The  corpuscles  may  be  broken  up  by  pressing 
iinnlv  on  the  cover-.'lass.  In  all  these  experiments  no  trace  of  an  envelope  around  the  coi- 
puSs Ts  observed!  "  [In  excellent  reagent  for  "  fixing  "  the  blood-corpuscles  is  either  a  dilute 
solution  or  the  vapour  of  osmic  acul.]  ,    ,       .  ^    ^  • 

Consei-vation  of  the  Corpuscles. -In  investigating  blood  with  the  microscope  for  forensic 
mirnoses  it  is  necessarv  to  have  a  solvent  for  the  blood  when  it  occurs  as  stains  on  a  garment 
nXment.    Dri^IVtains  are  dissolved  by  a  concentrated,  or  a  30  per  cent,  solution  of 


toi 
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a  h  human  red  blood-corpuscles  ;  «,  acted  on  by  magenta  ;  6,  by  tannic  acid.   The  otlier.s  are 
'    ainphibian  red  blood-corpuscles  ;  c,  d,  c,  effect  of  tannic  acid  ;  /,  of  dilute  acetic  acul ;  y,  ol 

dilute  al^hd;  ^^"^^^"^^  ^  the  stain  be  softened  with  con- 

c^nSlterta  tic  a  f  specially  distinct  (,«r.u;c).  Nevertheless, 

of  piciic  acid,  20  per  cent,  pyrogallic  acid,  or  3  per  cent,  solution  of  silver  nitrate. 

^  STEOMA— LAKE-COLOURED  BLOOD,— Many  reagents  cause  the  hemo- 
globin to  separate  from, the  stroma.  The  haemoglobin  dissolves  in  the  serum  ;  the 
b  ood  becories  dark  red  and  transparent,  as  it  contains  its  colourmg  matte  in 
^J^tion,  and  hence  it  is  called  "  lake-colonred"  {Rollett)  The  aggregate  condition 
of  the  hemoglobin  is  not  altered  when  the  corpuscles  are  dissolved-it  onl> 
changes  its  pLe,  leaving  the  stroma  and  passing  into  the  serum.  Hence,  the 
temDerature  of  the  blood  is  not  lowered  thereby. 

(c)  Other  Ohemicl  Beageiil..^;.  Wntci.  J-  ">'  l'}^^\  "J     ,„i  (j/„„,„„rf);  nilrobcuzol, 

^iisiT:::t^'^'!^^«^  "iKi  is     ...0  S..0*,. 
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zooid,  to  separate  from  the  cecoid  (fig.  7,  d).  The  zooiil  may  shrink  from  tlie  ]ieriijhery  of  the 
cori)uscle,  or  it  may  pass  ont  of  tlio  corpuscle  altogether  (BriicJcc)  ■  iiriicke  regni'ds  the  stroma  in 
a  certain  sense  as  a  house,  in  which  the  remainder  of  the  substance  of  the  corpuscle,  the  chief 
part  endowed  with  vital  phenomena,  lives.  11.  Strong  solutions  of  acids  dissolve  the  cor- 
puscles ;  more  dilute  solutions  cause  precipitates  in  the  luemoglobin.  This  is  easily  seen  with 
cavhoUa  add  (Iliils  and  Landois,  Stirliv;/ and  Hannie).  12.  Alkalies  of  moderate  strength 
cause  sudden  solution.  A  10  per  cent,  solution  of  potash,  placed  at  the  edge  of  a  cover- 
glass,  shows  the  process  of  solution  going  on  under  the  microscope.  At  iirst  the  corpu.scles 
become  globular,  and  so  appear  smaller,  but  afterwards  they  burst  like  soap-bubbles.  [13. 
NHjCl  injected  into  the  blood  causes  vacuolation  of  the  red  corpuscles  {Bohritzky).  14.  Sodic 
salicylate,  benzoate,  and  colchicin,  dissolve  the  red  corpuscles  {N.  Paton).'] 

[Tannic  Acid. — A  freshly  prepared  solution  of  tannic  acid  has  a  remarkable  efl'ect  on  the  col- 
oured blood-corpuscles  of  man  and  animals — causing  a  separation  of  the  Inemoglobin  from  the 
stroma  ( IF.  Jtohcrls).  The  nsual  efiect  is  to  produce  one  or  more  granular  buds  of  ha-nio- 
globin  on  the  side  of  the  corpuscles  (fig.  7,  h,  c)  ;  more  rarely  the  Inemoglobin  collects  around 
the  nucleus,  if  such  be  present  (fig.  7,  d),  or  is  extruded,  as  shown  in  fig.  7,  e.] 

[Ammonium  or  Potassium  Sulpho-cyanide  removes  the  hnjmoglobiii,  and  reveals  a  reticular 
structure — inlm-nuclear  plexus  of  fibrils  {Stirling  and  Hannie).] 

The  Amount  of  Gases  in  the  blood  exercises  an  important  infiuence  on  their  solubility.  The 
corpuscles  of  venous  blood,  which  contains  much  COj,  are  more  easily  dissolved  than  those  of 
arterial  blood  ;  while  between  both  stands  blood  containing  CO.  When  the  gases  are  com- 
pletelj'  removed  from  the  blood,  it  becomes  lake-coloured. 

Salts  increase  the  resistance  of  the  corpuscles  to  physical  means  of  solution,  while 
they  facilitate  the  action  of  chemical  solvents. 

If  certain  salts  be  added  in  substance  to  blood,  they  make  blood  lake-coloured  ;  potassic 
suljihocyanide,  sodic  chloride,  &c.  {Koiualeiosky). 

Resistance  to  Solvents. — The  red  blood-corpuscles  offer  a  certain  degree  of 
resistance  to  the  action  of  solvents. 

Method. — Mix  a  small  drop  of  blood  with  an  equal  volume  of  a  3  per  cent,  solution  of  sodic 
chloride,  and  then  add  distilled  water  until  all  the  coloured  corpuscles  are  dissolved.  Fill  the 
mixer  (fig.  3)  up  to  the  mark  1  with  blood  obtained  by  pricking  the  finger,  and  blow  this  blood 
into  an  equal  volume  of  a  3  per  cent,  solution  of  NaCl  previously  placed  in  a  hollow  in  a  glass 
slide.  _  Mix  the  fluids,  and  the  corpuscles  will  remain  undissolved.  By  means  of  the  pipette 
add  distilled  water,  and  go  on  doing  so  until  all  the  corpuscles  are  dissolved  ;  Avhich  is  ascertained 
with  the  microscope.  In  normal  blood,  solution  of  the  corpuscles  occurs  after  30  volumes  of 
distilled  water  have  been  added  to  the  blood  {Landois). 

There  are  some  individuals  whose  blood  is  more  soluble  ttan  that  of  others  ;  their  corpuscles 
are  soft,  and  readily  undergo  changes.  Many  conditions,  such  as  cholfemia,  poisoning  with 
substances  which  dissolve  the  corpuscles,  and  a  markedly  venous  condition  of  the  blood,  aflect 
the  corpuscles.  Interesting  observations  may  be  made  on  the  blood  in  infectious  diseases, 
litemoglobinuria,  and  in  cases  of  burning.  In  anajmia  and  fever,  the  capacity  for  resistance 
seems  to  be  diminished. 

6.  FORM  AND  SIZE  OF  THE  BIOOD-CORPUSCLES  OF  ANIMALS.— All 

mammals  (with  the  exception  of  the  camel,  llama,  alpaca,  and  their  allies),  and  the 
cyclostomata  amongst  fishes,  e.g.,  Petromyzon,  possess  circular  bi-concave  non- 
nucleated  disc-shaped  corpuscles.  Elliptical  corpuscles  without  a  nucleus  are  found 
in  the  above-named  mammals,  while  all  birds,  reptiles,  amphibians  (fig.  1,  B,  1,  2), 
and  fishes  (except  cyclostomata)  have  nucleated  elliptical  bi-convex  corpuscles. 


Size  (fi=0-001  Millimeti-e) 

Of  the  Bisc-Bhaped 
Corpuscles. 

Of  the  EUiptioal  Corpuscles. 

Short  Diameter. 

Long  Diameter. 

Elephant,    .       .    9-4  ^ 
Man,    .       .       .7-7  ,, 
Dog,    .       .       .7-3  „ 
Rabbit,        .       .    6-9  ,, 
Cat,     .       .       .    6-5  ,, 
Sheep,  .       .       .    5-0  ,, 
Goat,   .       .       .4-1  ,, 
Musk-deer,  .       .    2-5  ,, 

-  .  

Llama,       ,       .      4'0  /i 
Dove,        .       .      6-5  ,, 
Frog,         .       .    15-7  ,, 
Triton,       .       .    19  •?  ,, 
Proteus,     .       ,  35'0,, 

The  corpuscles  of  Amphiui 
than  those  of  Proteus  {Eiddc 

8-0 
14-7  ,. 
22-3  ,, 
29-3  ,, 
58-0  „ 

na  are  nearly  one-third  larger 
'). 

,0  OIUGIN  OF  THE  IIKD  BLOOD-CORPUSCLES. 

■  Amoiu'Ht  vertebrates,  aniphioxus  has  colourless  blood.  The  large  blood-corpusclcs  of  luany 
ani  iWa,\  r/.,  a,ui.hiu.na  are  visible  to  the  naked  eye.  The  b  ood-corpuscles  of  the  troK 
SaU.  i  1  il  tiou  to  a  nucleus,  a  nucleolus  {Aucrbach,  Ranvicr),  [and  the  same  is  true  of  the 
i  ed    0^^^^^^^^^^       of  the  newt  The  mu^leolus  is  revealed  by  acU^     on  tl 

comiscles  with  dilute  alcohol  (1,  alcohol  ;  2,  water  ;  Hanviers  "  alcoolau  tiers  (hg.  7,  9\\J\ 
is  ev  de  a  ^'"^  munber  and  tota 

IS      I''!''' ^"'J \f ,1  volume  of  blood.    In  birds,  however,  the  number  s 

?ItS  Wl'  "  r^^-  ^^  o^  vertebrates,  notwithstanding  the  krgersize  of  their 

c  nJuscks    th  s,  doubtless,  has  a  relation  to  the  very  energetic  n.etabohsn;  that  takes  place  n 
^^Ms^^:   Amongsi  mammals,  carnivora  have  n.ore  Wood-connj^d^  he^^b.vo. 
PonV\  blood  contains  9  720,000  corpuscles  per  cubic  millnnetre  ;  llamas,  1 1' 
Goat  ,  blood  ^^"'^""'^Jj/^^    ^.,0  ooo'    ,•     's    404,000  ;  and  that  of  proteus,  36,000  ( jrcZc*«-  . 
JriyUSr— -°-be'r  dSni-nishes  from  7.000,000  to  2,000  000   per  eu^e 
millimctie.    No  relation  exists  between  the  size  of  the  animal  and  that  of   it,  blood- 

'"'iC invei-tebrata  generally  have  colourless  blood,  with  colourless  corpuscles  ;  but  the  earth- 
which  contains  copper,  and  combines  with  0. 

7  ORIGIN  OF  THE  RED  BLOOD-CORPUSCLES.-( A)  During  Embryonic 
Life  Kood  corpuscles  are  developed  in  the  fowl  during  the  first  days  o  embryomc 
UfT"7S  apTrTn  groups  witliin  tlie  large  branched  cells  of  the  mesoblast,  m  the 
vwir  aiea  of  the  llastoderm  outside  the  developing  body  of  the  chick,  where 
Ih  fform  tL  ''blood^slands'^  Pander.  The  mother-cells  form  an  m-egula 
Swork  by  he  union  of  the  processes  of  adjoining  cells,  and  meantime  tbe  cent  al 
netwoik  '^y^'J®  ^3    .        \  .  ^.^itipiy.    The  small  nucleated  masses  of  proto- 

Tsr^S.  r%^^^^^^  'T'tt^oUowed 

gtablr,  and  more  hxegular         *XT™de3n"  1^ 

Louved,  retain  ttar  --^^  ^LZ'.^S'Z  Loess  of  Swo,,  ^hich  is  best 

blood  {Bizzozero)  protoplasmic  cells  containing  red  blood- 

Neumann  found  m  the  iiver  ol  tne  em  oiyu  p     J-      ,  ,  .    w  with  laree  nuclei, 

corpuscles.    Cells,  some  with,  others  ^^^h  isbTt^^^^^^  they 
have  been  found.    These  cells  increase  by       r^l^'^^'.^^^^i^X  r^^^^^^     as  a  centre 
ultimately  form  blood-corpuscles  (^«7f,/,'^^/Sf,\  iy  during  embryonic  life 
of  their  formation,  but  this  seems  to  \e  f  ^  ca^  f^*^  f  ^eUow,  r^^^ 
^Neumann).    Here  the  red  corpuscles  are  said  to  arise  f^^^^^^^^  '.^n^^sde. 

cells,  which  represent  transition  forms.    Joa  ^'^^.^ v^tic  elands.    In  the 
orming  endogenously  within  large  Prot^;\-;--f  ^^^^^^^^^^  seem  to 

later  period  of  embryonic  h  e,  the  ^l^^racteinstic  non  ^^^^ 
be  developed  from  the  nucleated  corpuscles.  ^bj^^J^^^^^^^^ 
.smaller,  breaks  up,  and  gradually  d-appears^    In  ^  j^^^^  number  is  still 
week,  only  nucleated  -7^^^-^^^. -^^/^^f^^d  of  tt  I  ife  nucleated  blood-corpuscles 
|-]^  of  the  total  corpuscles,  while  at  tae^ena  ui 
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are  very  rarely  found.  Of  course,  in  animals  with  nucleated  blood-corpuscles,  the 
nucleus  of  the  embryonic  blood-corpuscles  remains. 

(B)  During:  Post-Embryonic  Life. — Kolliker  assumed  that  in  the  tail  of  the  tadpole 
capillaries  are  formed  by  the  anastomoses  of  the  processes  of  branched  and  radiating 
connective-tissue  corpuscles.  These  corpuscles  lose  their  nuclei  and  protoplasm, 
become  hollowed  out,  join  with  neighbouring  capillaries,  and  thus  form  new  blood- 
channels.  J.  Arnold  and  Golubew  oppose  this  view,  asserting  that  the  blood- 
capillaries  in  the  tail  of  the  tadpole  give  off  solid  buds  at  different  places,  which 
grow  more  and  more  into  the  surrounding  tissues,  and  anastomose  with  each  other  ; 
after  their  protoplasm  and  contents  disappear  they  become  hollow,  and  a  branched 
system  of  capillaries  is  formed  in  the  tissues.  Ranvier  noticed  the  same  mode  of 
growth  in  the  omentum  of  newly-born  kittens. 

Young  rabbits,  a  week  old,  have,  in  their  omentum,  small  white  or  milk  spots 
{Ranvier),  in  which  lie  "  vaso-formative  cells,"  i.e.,  highly  refractive  cells  of 
variable  shape,  with  long  cylindrical  protoplasmic  processes  (fig.  8).  In  its  refractive 
power  the  protoplasm  of  these 
cells  resembles  that  of  lymph- 
corpuscles.  Long  rod-like  nuclei 
lie  within  these  cells  (K,  K),  and 
also  red  blood-corpuscles  (r,  r), 
and  both  are  surrounded  with 
pi'otoplasm.  These  vaso-forma- 
tive cells  give  off  protoplasmic 
processes  {a,  a),  some  of  which 
end  free,  while  others  form  a 
network.  Here  and  there  elon- 
gated connective-tissue  coi-puscles 
lie  on  the  branches,  and  ulti- 
mately form  the  adventitia  of  the 
blood-vessel.  The  vaso-formative 
cells  have  many  forms  :  they  may 
be  elongated  cylinders  qnding  in 
points,  or  more  round  and  oval, 
resembling  lymph  cells,  or  modi- 
fied connective-tissue  corpuscles.  T/iese  cells  are  cdivays  the  seat  of  origin  of  non- 
nucleated  red  blood-corjmscles,  which  arise  in  the  protoplasm  of  vaso-formative  cells, 
•as  chlorophyll  grains  or  starch  granules  arise  within  the  cells  of  plants.  The 
corpuscles  escape,  and  are  washed  into  the  circulation  when  the  cells,  by  means  of 
their  processes,  form  connections  with  the  circulatory  system.  Probably  the  vessels 
so  formed  in  the  omentum  are  only  temporary.  May  it  not  be  that  there  are  many 
other  situations  in  the  body  where  blood  is  regenerated  % 

[The  observations  of  Schiifer  also  prove  the  intra-cellular  origin  of  red  blood- 
corpuscles,  and  although  this  mode  usually  ceases  before  birth,  still  it  is  found  in 
the  rat  at  birth.  The  protoplasm  of  the  subcutaneous  connective-tissue  corpuscles, 
vyhich  are  derived  from  the  mesoblast,  has  in  it  small  coloured  globules  about  the 
size  of  a  coloured  corpuscle.  The  mother-cells  elongate,  become  pointed  at  their 
ends,  and  unite  with  processes  from  adjoining  cells.  The  cells  become  vacuolated  ; 
Huid  or  plasma,  in  which  the  liberated  corpuscles  float,  appears  in  their  interior,  and 
ultimately  a  communication  is  established  with  the  general  circulation.] 

Neumann  observed  similar  formations  in  the  embryonic  liver  ;  Wissotzky  in  the  rabbit'.s 
amnion  ;  Klem  in  the  embryo  chick  ;  and  Bayerl  in  ossifying  cartilage.  All  these  observations 
go  to  show  that  at  a  certain  early  period  of  development  blood-corpuscles  are  formed  within 
otiiei;  large  cells  of  the  mesoblast,  and  that  part  of  the  protoplasm  of  those  blood-forminff  cells 
remains  to  form  the  wall  of  the  future  blood-vessel. 


Fig.  8. 

Formation  of  red  blood -corpuscles  within  "■'vaso-forma- 
tive cells,  "  from  the  omentum  of  a  rabbit  seven 
days  old.  r,  r,  the  formed  corpuscles  ;  K,  K,  nuclei 
of  the  vaso-formative  cell ;  a,  a,  processes  which 
ultimately  unite  to  form  capillaries. 
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DECAY  OF  THE  RED  BLOOD-CORPUSCLES. 


(C)  later  rormation.— Most  observers  agree  that  the  red  blood-corpuscles  are 
toriiied  Ironi  special  nucleated  cells,  which  gradually  assume  tlie  form  and  colour  of 
the  perlect  red  corpuscle.  According  to  Neumann,  however,  these  corpuscles  arc 
pigmented  from  the  first.  .  In  the  tailed  amphibians  and  h.shes,  the  spleen,  in  all 
other  vertebrates  the  red  marrow  of  bone,  are  the  seats  of  formation  of  these 
corpuscles,  whicli  subsequently  increase  by  division  {Neumcmn,  Riiulildsdt, 
Ihzzozero).  In  the  red  marrow  of  bone  we  can  study  all  the  stages  of  the  tran.sforma- 
tion  ;  especially  pale  contractile  cells  similar  to  colourless  corpuscles,  and  also  red 
nucleated  corpuscles,  which  are  similar  to  the  nucleated  corpuscles  of  the  embryo, 
and  the  progenitors  of  tlie  red  corpuscles.  These  transition  cells  are  said  by  Erb  to 
be  more  numerous  after  severe  hiemorrhage,  the  number  of  them  occurring  in  the 
blood  corresponding  with  the  energy  of  the  formative  process.  After  copious 
hsemorrhage,  these  transition  forms  appear  in  numbers  in  the  blood-stream.  The 
small  veins,  and,  perhaps,  the  capillaries  of  the  red  marrow  of  bone  and  the  spleen 
have  no  proper  walls,  so  that  the  red  corpuscles  when  formed  can  pass  into  the 
circulation. 

Bed  or  blood-forming  marrow  occurs  in  the  bones  of  the  skull,  and  in  most  of  the  bones  of 
the  trunk,  while  the  bones  of  the  extremities  either  contain  yellow  marrow  (which  is  essentially 
fatty  in  its  nature),  or,  at  most,  it  is  only  the  heads  of  the  long  bones  that  contain  red  marrow. 
Where  the  blood-regeneration  process  is  very  active,  however,  the  yellow  marrow  may  be 
changed  into  red,  even  throughout  all  the  bones  of  the  extrenuties  (Neumann). 

8.  DECAY  OF  THE  RED  BLOOD-CORPUSCLES.— The  blood-corpuscles 
undergo  decay  within  a  limited  time,  and  the  liver  is  regarded  as  one  of  the  chief 
places  in  which  their  disintegration  occurs,  because  bile-pigments  are  formed  from 
haemoglobin,  and  the  blood  of  the  hepatic  vein  contains  fewer  red  corpuscles  than 
the  portal  vein. 

The  splenic  pulp  contains  cells  which  indicate  that  coloured  corpuscles  are 
broken  up  within  it.  These  are  the  so-called  "  blood-corpuscle-containing  cells  " 
(§  102).  Quincke's  observations  go  to  show  that  the  red  corpuscles — which  ma.y 
live  from  three  to  four  weeks — when  about  to  disintegrate,  are  taken  up  by  the  white 
blood-corpuscles  in  the  hepatic  capillaries,  by  the  cells  of  the  spleen  and  the  bone- 
marrow,  and  are  stored  up  chiefly  in  the  capillaries  of  the  liver,  in  the  spleen, 
and  in  the  marrow  of  bone.  They  are  transformed,  partly  into  coloured,  and 
partly  into  colourless  proteids  which  contain  iron,  and  are  either  deposited  in  a 
granular  form,  or  are  dissolved.  Part  of  the  products  of  decomposition  is  used  for 
the  formation  of  new  blood-corpuscles  in  the  mai'row  and  in  the  spleen,  and  also 
perhaps  in  the  liver,  while  a  portion  of  the  iron  is  excreted  by  the  liver  in  the  bile. 

That  the  normal  red  blood-corpuscles  and  other  particles  susj)ended  iu  the  blood-stream  arc 
not  taken  up  in  this  way,  may  be  due  to  tlicir  beiug  smooth  and  polished.  As  the  corpuscles 
grow  older  and  become  more  rigid,  they,  as  it  were,  are  caught  by  the  ama'.boid  cells.  As  cells 
containing  blood-corpuscles  are  very  rarely  found  in  the  general  circulation,  one  maj-  assume 
that  the  occurrence  of  these  cells  within  the  spleen,  liver,  and  marrow  of  bone  is  favoured  by 
the  slowness  of  the  circulation  in  these  organs  {Quincke). 

Pathological. — In  certain  pathological  conditions,  ferruginous  substances  derived  from  the 
red  blood-corpuscles  are  found  in  masses  in  the  spleen,  the  marrow  of  bone,  and  the  capillaries 
of  the  liver  : — (1)  When  the  disintegration  of  blood-corpuscles  is  increased,  as  in  anxniia 
{Stalicl).  (2)  AVhen  the  formation  of  red  blood-corpuscles  from  the  old  material  is  diminished, 
if  the  excretion  from  the  liver  cells  be  prevented,  iron  accumulates  within  them  ;  it  is  also  more 
abundant  in  the  blood-serum,  and  it  may  even  accumulate  iu  the  secretorj'  cells  of  the  cortex 
of  the  kidney  and  paiicreas,  in  gland  cells,  and  in  the  tissue  elements  of  other  organs.  When 
the  amount  of  blood  in  dogs  is  greatly  incroa.sed,  after  four  weeks  an  enormous  number  of 
granules  containing  iron  occur  in  the  leucocytes  of  the  liver  capillaries,  the  cells  of  the  spleen, 
bone-marrow,  lymph-glands,  liver  cells,  and  the  epithelium  of  the  cortex  of  the  kidney.  Tlie 
iron  reaction  in  the  last  two  situations  occurs  after  the  introduction  of  haunoglobin,  or  of  salts 
of  iron  into  the  blood  {GhicvccJx,  v.  Stnrk.) 

When  we  reflect  how  rapidly  large  quantities  of  blood  are  replaced  after 
luemorrhage  and  after  menstruation,  it  is  evident  that  there  must  be  a  brisk  manu- 
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factory  somewhere.  As  to  the  number  of  corpuscles  which  daily  decay,  we  have  in 
.some  measure  an  index  in  the  amount  of  bile-pigment  and  urine-pigment  resulting 
from  the  transformation  of  the  liberated  hajmoglobin  20). 

9.  COLOURIESS  CORPUSCLES,  BLOOD-PLATES,  AND  GRANULES.— 
White  Blood-Corpuscles. — Blood,  like  many  other  tissues,  contains  a  number  of 
•cells  or  corpuscles  which  reach  it  from  without  ;  the  corpuscles  vary  somewhat  in 
form,  and  are  called  colourless  or  white  blood-corpuscles,  or  "leucocytes" 
(Meivson,  1770).  Similar  corpuscles  are  found  in  lymph,  adenoid  tissue,  marrow 
of  bone,  and  as  wandering  cells  or  leucocytes  in  connective-tissue,  and  also  between 
glandular  and  epithelial  cells.  So  that  these  corpuscles  are  by  no  means  peculiar 
to  blood  alone.  They  all  consist  of  more  or  less  spherical  masses  of  protoplasm, 
which  is  sticky,  highly  refractile,  soft,  capable  of  movement,  and  devoid  of  an 
envelope  (fig.  9).  When  they  are  quite  fresh  (A)  it  is  difficult  to  detect  the 
nucleus,  but  after  they  have  been 
shed  for  some  time,  or  after  the 
addition  of  water  (B),  or  acetic 
acid,  the  nucleus  (which  is  usually 
a  compound  one)  appears  ;  acetic 
acid  clears  up  the  perinuclear 
protoplasm,  and  reveals  the  pres- 
ence of  the  nuclei,  of  which  the 
number  varies  from  one  to  four, 
although  generally  three  are  found. 
The  subsequent  addition  of  ma- 
genta solution  causes  the  nuclei  to 
.stain  deeply.  Water  makes  the 
contents  more  turbid,  and  causes 
the  corpuscles  to  swell  up.  One 
or  more  nucleoli  may  be  present 
in  the  nucleus.  The  size  of  the 
corpuscles  varies  from  -1-13  fj., 
and  as  a  rule  they  are  about 
y  5V0"  ^^'^^      diameter  ;  in 

the  smallest  forms  the  layer  of 

the  protoplasm  is  extremely  thin.  i^^^,^^^^  ^^.j^^^g  blood-corpuscles,  without  any  rea-ent ; 
They  all  exhibit  amoeboid  move-  b,  after  the  action  of  water ;  C,  after  acetic  acid  ; 
ments  which  are  very  apparent  D,  frog's  corpuscles,  clianges  of  shape  due  to  amoc- 
in  the  larger  corpuscles,  and  were  movement ;  E,  iibrils  of  fibrin  from  coagulated 

discovered  by  Wharton  Jones  in       ^^"""^  '  ^'  '^I'^'^^^^tary  granules, 
the  skate  (1846),  and  by  Davine  in  the  corpuscles  of  man  (18-50).    Max  Schultze 
describes  three  different  forms  in  human  blood  : — 

(1)  The  smallest,  spherical  forms,  less  than  the  red  corpuscles,  with  one  or  two 
nuclei,  and  a  very  small  amount  of  protoi)lasm. 

(2)  Spherical  forms,  the  same  size  as  the  coloured  blood-corpuscles. 

(3)  The  large  amoeboid  corpuscles,  with  much  protoplasm  and  distinctly  evident 
movements. 

[On  examining  human  blood  microscopically,  more  especially  after  the  coloured  blood-cor- 
puscles have  run  into  rouleaux,  the  colourless  corpuscles  may  readily  be  detected,  there  being 
usually  three  or  four  of  them  visible  in  the  field  at  once.  They  adhere  to  the  glass  slide,  for  if 
the  cover-glass  be  moved,  the  coloured  corpuscles  readily  glide  over  cacli  other,  while  the 
colourless  can  be  seen  still  adhering  to  the  slide.] 

[White  Corpuscles  of  Newt's  Blood.— The  characters  of  the  colourless  corpuscles  are  best 
studied  in  a  droj)  of  newt's  blood,  which  contains  the  following  varieties  :— 

(1)  The  large  finely  granular  corpuBcle,  which  is  about  of  an  inch  in  diameter,  irregular 
m  outline,  with  fine  processes  or  pseudopodia,  projecting  from  its  surface.    It  rapidly  changes 


14 


THE  COLOUrvtl^.SS..BL'pbD-dORPUSCLES. 


its  sliinn!  at  til 
siin'ouiK." 


.J  a  t  tlu-  onluiai  y  tom|iei'atui'e,.aiid  in  its  interior  a  bi-  or  tri-i.artite  mickus  may  be  seen 
led  with  ine  -ranulur  protoplasm,  whose  outline  is  continually  changing.  Sometimes 
meiw/cs  iiro  seen  in  tlic  ])n)t()p]asni.  °   "  :>uiiii-i.um.i> 

(2)  The  coarsely  granular  variety  is  less  oonimon  than  the  first-mentioned,  but  when  de- 
tected its  characters  are  distinct.  The  protoplasm  contains,  besides  a  nucleus,  a  large  number 
01  highly  refractive  granules,  and  the  corpuscle  usually  exhibits  active  ameboid  movements; 
suddenly  the  granules  may  be  seen  to  rush  lioin  one  side  of  the  corpuscle  to  the  other  Tin- 
processes  are  usually  more  blunt  than  those  emitted  by  (1).  The  relation  between  these  two 
Kinds  ot  corimscles  lias  not  been  ascertained. 

(3)  The  small  colourless  corpuscles  are  more  like  the  ordinary  human  colourless  corpuscle, 
and  they,  too,  exhibit  amicboul  movements.]  " 

Two  kinds  of  colourless  corpuscles  like  (1)  and  (2)  e.xist  in  frog's  blood.  In  the  eoarselv 
grnnular  corpuscles  the  glancing  granules  may  be  of  a  tatty  nature,  since  they  dissolve  iii 
alcohol  and  etiier,  but  other  granules  exist  which  arc  insoluble  in  these  fluids.  The  nature 
ol  the  latter  is  unknown.    Very  large  colourless  corpuscles  exist  in  the  axolotl's  blood. 

[Action  of  Reagents.— Water,  when  added  slowly,  causes  the  colourless 
corpuscles  to  become  globular,  and  the  granules  within  them  to  exhibit  Brownian 
movements,  (b)  Pigments,  such  as  magenta  or  carmine,  stain  the  nuclei  very 
deeply,  and  the  protoplasm  to  a  less  extent,  (c)  Dilute  Acetic  Acid  clears  up  the 
surrounding  protoplasm  and  brings  clearly  into  view  the  composite  nucleus,  which 
may  be  stained  thereafter  with  magenta.  ((/)  Iodine  gives  a  faint  port-wine  colour, 
especially  iu  horse's  blood,  indicating  the  presence  of  glycogen,    (e)  Dilute  Alcohol 

causes  the  formation  of  clear  blebs  on  the  surface  of  the  cor- 
puscles, and  brings  the  nuclei  into  view  {Ranvier,  Stirliiir/).] 
[A  delicate  plexus  of  fibrils— intra-nuclear  plexus- 
exists  within  the  nucleus  just  as  in  other  cells.  It  is  very 
probable  that  the  protoplasm  itself  is  pervaded  by  a  similar 
plexus  of  fibrils,  and  that  it  is  continuous  with  the  intra- 
nuclear plexus  (fig.  10).]  The  colourless  corpuscles  divide, 
and  in  this  way  reproduce  themselves. 

The  Number  of  Colourless  Corpuscles  is  very  much  less 
than  that  of  the  red  corpuscles,  and  is  subject  to  consider- 
able variations.    It  is  certain  that  the  colourless  corpuscles 
are  vety  much  fewer  in  shed  hluoJ  than  in  blood  still  within 
the  circulation.    Immediately  after  blood  is  shed,  an  enor- 
mous number  of  white  corpuscles  disappear  (§  31). 
_  Al.  Schmidt  estimates  the  number  that  remain  at  xV  of  the  whole  originally  present  in  the 
circulating  blood.    The  proportion  is  greater  iu  children  than  in  adults.    The  following  table 
gives  the  number  in  shed  blood  : — 


Fig.  10. 
Plexus  of  fibrils   in  a 
colourless  blood-cor- 
puscle. 


NUMBKu  OF  White  in  Propoiition  to  Red  Blood-Cokpcscles — 

In  Normal  Cumlitions. 

In  Different  Places. 

In  Different  Cundilions. 

1  :  335  (  Welcker). 
1  :'  357  {Molesclwtt). 

Splenic  Vein,     1  :  60 
Splenic  Artery,  1  :  2,260 
Hepatic  Vein,    1  :  170 
Portal  Vein,      1  :  740 
Generally  more  numerous 
iu  Veins  than  Arteries. 

t 

Increased  by  Digestion,  Loss 
of  Blood,  Prolonged  Sup- 
puration, Parturition,  Leuk- 
emia, Quinine,  Bitters. 

Diminished  by  Hunger,  Bad 
Nourishment. 

[The  number  also  varies 

with  the  Age  and  Sex  : — 

Age.  Sex. 

Wliite.   Ked.        l|        General  Conditions. 

White.  Red. 

Girls, 
Boys, 
Adults, 
Old  Age,  . 

1  :  405 
1  :  226 
1  :  334 
1  :  381 

j  While  fasting, 

1  After  a  meal, 

;  During  pregnancy, 

1 

1  :  716 
1  :  347 
1  :  2811 
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Fig.  11. 

Human  leucocytes  showing  amceboid 
movements. 


The  amoeboid  movements  of  the  white  corpuscles  (so  called  because  they 
resemble  the  movements  of  amoeba)  consist  in  an  alternate  contraction  and  relaxation 
of  the  protoplasm  surrounding  the  nucleus.  Processes  are.  given  off  from  the 
surface  and  are  retracted  again.  There  is  an  interned  current  in  the  j^rotoplasm, 
and  the  nucleus  has  also  been  observed  to  change  its  form  [and  exhibit  contractions 
without  the  corpuscle  dividing.  The 
karyokinetic  aster,  and  convolution  of  the 
intranuclear  plexus  have  been  seen].  Two 
series  of  phenomena  result  from  these 
movements  :—(l)  The  "wandering"  or 
locomotion  of  the  corpuscles  due  to  the 
extension  and  retraction  of  their  processes  ; 
(2)  the  absorption  of  small  particles  into 
their  interior  (fat,  pigment,  foreign  bodies). 
The  particles  adhere  to  the  sticky  exter- 
nal surface,  are  carried  into  the  interior 
by  the  internal  currents,  and  may  eventu- 
ally be  excreted,  just  as  particles  are  taken 
up  by  amoeba  and  the  effete  particles 
excreted.  [Max  Schultze  observed  that 
coloured  particles  were  readily  taken  up  by 
these  corpuscles.  Conditions  for  move- 
ment.— In  order  that  the  amceboid  movements  of  the  leucocytes  may  take  place, 
it  is  necessary  that  there  be — (1)  a  certain  temperature  and  normal  atmospheric 
pressure  ;  (2)  the  surrounding  medium,  within  certain  limits,  must  be  "  indifferent," 
and  contain  a  sufficient  amount  of  water  and  oxygen  ;  (3)  there  must  be  a  basis  or 
support  to  move  on.] 

Struggle  between  Microbes  and  the  Organism.  — MctschnikofF  emphasises  the  activity  of  the 
leucocytes  in  retrogressive  processes,  whereby  the  parts  to  be  removed  are  taken  up  by  them  in 
fine  granules,  and,  as  it  were,  are  "eaten."  Hence,  he  calls  such  cells  "phagocytes."  They 
may  be  found  in  the  atrophied  tails  of  batrachians,  the  cells  containing  in  their  interior  whole 
pieces  of  nerve  tibre  and  primitive  muscular  bundles.  Schizomycctes  which  have  found  their 
way  into  the  blood  (§  183)  have  been  found  to  be  [lartly  taken  up  by  the  colourless  corpuscles. 
[The  s])ores  of  a  kiud  of  yeast  are  similarly  attacked  in  the  transparent  tissues  of  the  water- 
tlea  by  the  leucocytes,  and  the  connective-tissue  cells  also  destroy  microbes.] 

Effect  of  Reagents. — On  a  hot  stage  (35°-40°  C.)  the  colourless  corpuscles  of 
warm-blooded  animals  retain  their  movements  for  a  long  time  ;  at  40°  C.  for  two 
to  three  hours;  at  50°  C.  the  proteids  are  coagulated  and  cause  "heat  rigor" 
and  death,  [when  their  movements  no  longer  recur  on  lowering  the  temperature]. 
In  cold-blooded  animals  (frogs),  colourless  corpuscles  may  be  seen  to  crawl  out  of 
small  coagula,  in  a  moist  chamber,  and  move  about  in  the  serum.  [Draw  a  drop 
of  newt's  blood  into  a  capillary  tube,  seal  up  the  ends  of  the  latter  and  allow  the 
blood  to  coagulate.  After  a  time,  examine  the  tube  in  clove  oil,  when  some  of  the 
colourle.ss  corpuscles  will  be  found  to  have  made  their  way  out  of  the  clot.] 
Induction  shocks  cause  them  to  withdraw  their  processes  and  become  spherical, 
and,  if  the  shocks  be  not  too  strong,  their  movements  recommence.  Strong  and 
continued  shocks  kill  them,  causing  them  to  swell  up,  and  completely  disintegrating 
them. 

Diapedesis.— These  amosboid  movements  are  of  special  interest  on  account  of  the 
"  wandering  out "  (diapedesis)  of  colourless  blood-corpuscles  through  the  vvalLs  of 
the  blood-vessels  (§  95). 

[Effect  of  Drugs.— Acids  and  alkalies,  if  very  dilute,  at  first  increase,  but  afterwards  arrest 
then-  movements.  Sodic  chloride  in  a  1  per  cent,  solution  at  first  accelerates  their  movements, 
but  afterwards  produces  a  tetanic  contraction,  and,  it  may  lie,  expulsion  of  anv  food  particles 
they  contain.    The  Cinchona  alkaloids— quinine,  quinidine,  cinchonidiuc  (1  :  'l500)— quickly 


THE  ]5L00D-1>LATE.S, 


arrest  the  locomotive  movements,  as  well  as  the  protrusion  of  pseuilo])0(Ua,  although  the 
leucocytes  of  dillerent  animals  vary  somewhat  in  their  I'esistunce  to  the  action  of  drugs. 
<}uinino  not  only  arrests  the  movements  of  the  leucocytes  when  ajiplied  to  them  directly,  hut 
when  injected  into  the  circulation  of  a  frog  the  leucocytes  no  longer  pa.ss  through  the  walls  of 
the  capillaries  (Bin.::). 

The  chyle  contains  leucocytes,  which  are  more  resistant  than  thos';  of  the  hlood,  but  less  .so 
than  those  of  the  coaguhible  transudations.  The  leucocytes  of  the  lymphatic  glands  may  also 
be  dissolved  {ll((uschciibiich). 

^Relation  to  Aniline  Pigments. — l<;hrlich  has  observed  a  remarkable  relation  of  the  white 
corpuscles  to  acid  (eosin,  i)icric  acid,  aurantia),  hnsic  (dahlia,  acetate  of  rosanilin),  or  'iieutral 
(picrate  of  rosanilin)  reactions.  The  smallest  protojdasmic  granules  of  the  cells  have  different 
chemical  aniiiitics  for  these  pigments.  Thus  lihrlich  distinguishes  "  eosinophile,"  "basophile," 
and  "  neutroidiilc  "  granules  within  the  cells  Eosinoidiile  granules  occur  in  the  leucocytes 
which  come  from  bone-marrow,  the  myelogenic  leucocytes.  The  .small  leucocytes,  i.e.,  those 
about  the  size  of  a  coloured  blood-corpuscle  or  slightly  larger,  are  formed  in  the  lymphatic 
glands,  the  lymphogenic.  The  large  amoeboid  multi-nucleated  cells,  which  are  found  outside 
the  vessels  in  inflammations,  exhibit  a  neutrophile  reaction.  Their  origin  is  unknown,  and 
so  is  that  of  the  large  uni-nucleated  cells,  and  the  large  cells  with  constricted  nuclei.  The 
eosinophile  corpuscles  are  considerably  increased  in  leuka-'mia.  The  hasophiU  granules  occur 
also  in  connective-tissue  corpuscles,  especially  in  the  neighbourhood  of  e[iitheliuni ;  they 
are  always  greatly  increased  where  chronic  inflammation  occurs. 

III.  Blood-Plates. — Special  attention  has  recently  been  directed  to  a  third 
element  of  the  blood,  the  "  blood-plates  "  or  "  blood-tablets  "  of  Bizzozero  ;  pale, 
colourless,  oval,  round,  or  lenticular  discs  of  variable  size  (mean,  3/a.).  In  a 
healthy  man  Fusari  found  18,000  to  2.50,000  in  1  cubic  millimetre  of  blood.  These 
blood-plates  may  be  recognised  in  the  circulating  blood  of  the  mesentery  of  a 
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Fig.  12. 

■"  Blood-plates  "  and  their  derivatives.  1,  a  red  blood-corpuscle  on  the  flat ;  2,  on  the  side  ;  3, 
unchanged  blood-plates  ;  4,  lympli-coipusele,  surrounded  by  blood-plates  ;  5,  altered  blood- 
i)lates  ;  6,  lym]ili-corpus  de  with  two  heaps  of  fused  blood-plates  and  threads  of  fibrin  ;  7, 
group  of  fused  blood-platjs  ;  8,  small  group  of  partially  dissolved  blood-plates  with  fibrils 
of  fibrin. 

chloral ised  guinea-pig  and  the  wing  of  the  bat.  They  are  precipitated  in  enormous 
numbers  upon  threads  susi  en  led  in  fresh  shed  blood.  They  may  be  obtained  from 
blood  flowing  directly  from  a  blood-vessel,  on  mixing  it  with  1  per  cent,  solution  of 
osmic  acid.  They  rapidly  change  in  shed  blood  (fig.  12,  5),  disintegrating,  forming 
small  particles,  and  ultimately  dissolving.  When  several  occur  together  they 
rapidly  unite,  form  small  groups  (7),  and  collect  into  iinely  granular^  masses. 
These  masses  may  be  associated  in  coagulated  blood  with  fibrils  of  fibrin  (fig.  12). 

TThese  blood-plates  are  best  seen  in  the  shed  blood  of  the  guinea-i-ig,  especially  if  it  be 
mixed  with  a  solution  of  sodic  sulphate  (sp.  gr.  1022)  or  \  per  cent.  NaCl  tinged  with  methyl- 
violet     Bizzozero  regards  them  as  the  agents  which  immediately  induce  coagulation  ana  take 
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part  in  tlie  fonnatiou  ol'  fibrin  during  coagulation  of  tlio  blood  ;  Ebertli  and  Scliinimelbusch 
ascribe  the  initial  formation  of  white  thrombi  to  them.  According  to  Liiwit  they  arc  formed 
from  partially  disintegrated  leucocytes,  as  a  consequence  of  alteration  of  the  blood.  Along  with 
the  leucocytes  they  are  concerned  in  the  formation  of  fibrin  {Hlavu).  These  sti'uctures  were 
known  to  earlier  observers  ;  but  their  significance  has  been  variously  interpreted.  Hayeni  called 
them  hsematoblasts.  Halla  found  that  they  increased  in  pregnancy,  Afanassiew  in  conditions 
of  regeneration  of  the  blood,  and  Fusari  in  febrile  ana^nia  ;  they  are  diminished  in  fever. 

[As  to  the  hffimatoblasts,  or,  as  they  have  also  been  called,  the  "globules  of  ])onne  "  by 
Pouchet,  there  seems  to  be  some  confusion,  for  both  coloured  and  colourless  granules  are 
described  under  these  names.  As  Gibson  suggests,  the  former  are,  perhaps,  parts  of  disintegrated 
coloured  corpuscles,  whilst  the  latter  are  the  blood-plates.  The  "invisible  blood-corpuscles" 
described  by  Norris  seem  to  be  simply  decolorised  red  corpuscles  {Uarl,  Gibson).'] 

IV.  Elementary  Granules. — Blood  contains  elementary  granules  (fig.  9,  F), 
[i.e.,  the  elementary  particles  of  Zimmermann  and  Beale.  They  are  irregular 
bodies,  much  smaller  than  the  ordinary  corpuscles,  and  appear  to  consist  of  masses 
of  protoplasm  detached  from  the  surface  of  leucocytes,  or  derived  from  the  dis- 
integration of  these  corpuscles,  or  of  the  blood-plates.  Others,  again,  are  com- 
pletely spherical  granules,  either  consisting  of  some  proteid  substance  or  fatty  in 
their  nature.  The  protoplasmic  and  the  proteid  granules  disappear  on  the  addition 
of  acetic  acid,  while  the  fatty  granules  (which  are  most  numerous  after  a  diet  rich 
in  fats)  dissolve  in  ether]. 

V.  In  coagulated  blood,  delicate  threads  of  fibrin  (figs.  9,  E,  and  12,  6,  7,  8) 
are  seen,  more  especially  after  the  corpuscles  have  run  into  rouleaux.  At  the 
nodes  of  these  fibres  are  found  granules  which  closely  resemble  those  described 
under  III. 

[When  the  blood-forming  process  is  particularly  active,  "nucleated  coloiu-ed  corpuscles" 
or  the  "  corpuscles  of  Neumann,"  are  .sometimes  found  in  the  blood.  They  are  identical  with 
the  nucleated  coloured  blood-corpuscles  of  the  foetus,  being  somewhat  larger  than  the  non- 
nucleated  coloui'ed  corpuscle  (§  7).] 

10.  ABNORMAL  CHANGES  OF  THE  BLOOD-CORPdSCLES.— (1)  Hffimorrhages  diminish 
the  number  of  red  corpuscles  (at  most  one-half),  and  so  does  menstruation.  The  loss  is  partly 
covered  by  the  absorption  of  fluid  from  the  tissues.  Menstruation  shows  us  that  a  moderate 
loss  of  red  corpuscles  is  replaced  within  twenty-eight  days.  When  a  large  amount  of  blood  is 
lost,  so  that  all  the  yital  processes  are  lowered,  the  tinie  may  be  extended  to  five  weeks.  In 
acute  fevers,  as  the  temperature  increases,  the  number  of  red  corpuscles  diminishes,  while  the 
ivhitc  corpuscles  increase  in  number.  By  greatly  cooling  peripheral  parts  of  the  body,  as  by 
keeping  the  hands  in  iced  water,  in  some  individuals  possessing  red  blood-corpuscles  of  low 
resisting  power,  these  corpuscles  are  dissolved,  the  blood-plasma  is  reddened,  and  even  htemo- 
globinuria  may  occur  (§  265). 

Diminished  production  of  new  red  corpuscles  causes  a  decrease,  since  blood-corpuscles  are 
contmually  being  used  up.  In  chlorotic  females  there  seems  to  be  a  congenital  weakness  in  the 
blood-forming  and  blood-propelling  apparatus,  the  cause  of  which  is  to  be  sought  for  in  some 
laulty  condition  of  the  mesoblast.  In  them  the  heart  and  the  blood-vessels  are  small,  and  the 
absolute  number  of  corpuscles  may  be  diminished  one-half,  although  the  relative  numher  mdy 
be  retained,  while  in  the  corpuscles  themselves  the  liEemoglobiu  is  diminished  almost  one- 
third  ;  but  it  rises  again  after  the  administration  of  iron  {Hayem).  The  administration  of  iron 
increases  the  amount  of  hajmoglobin  in  the  blood.  [The  action  of  iron  in  auajmic  persons  has 
been  known  since  the  time  of  Sydenham.  Hayem  also  finds  in  certain  forms  of  ansemia  that 
there  is  considerable  variation  in  the  size  of  the  red  corpuscles,  aud  that  in  chronic  anaiinia  the 
mean  diameter  of  the  corpuscles  is  always  less  than  normal  (7  to  6  fx).  There  is,  moreover, 
a  persistent  alteration  in  the  volume,  colouriiuj  2}oiver,  and  consistence  of  the  corpuscles,  con- 
sequently a  want  of  accord  between  the  nicmher  of  the  corpuscles  aud  their  colouring  power, 
the  amount  ot  hajmoglobiu  which  they  contain.  In  pernicious  anaemia,  in  which  the  con- 
tinued decrease  in  the  red  corpuscles  may  ultimately  produce  death,  there  is  undoubtedly  a 
-severe  atlection  of  the  blood-forming  apparatus.  The  corpuscles  assume  many  abnormal  and 
iJizarre  torms  often  being  oval  or  tailed,  irregularly  shaped,  and  sometimes  very  pale;  while 
numerous  cells  containing  blood-corpuscles  are  found  in  the  marrow  of  bone.    In  this  disease. 


aitnougu  the  red  blood-corpuscles  are  diminished  in  number,  some  may  be  larger  and  con- 
tain more  hiemoglobm  than  normal  corpuscles.  The  number  of  coloured  corpuscles  is  also 
•nmimshed  in  chronm  noisoning  by  lead  or  miasmata,  and  also  by  the  poison  of  syphilis. 

rpiiscles  varies  in  disease  from  2 -9-12 -9  ix  (mean  6-8  ^^C) ;  "dwarf  cor- 


/l\"'ru    -^"^  °  •  "^"^  poisoning  by  lead  or  miasmata,  and  also  by  the  poison  of  syphilis. 
U   the  size  of  the  corpuscles  varies  in  disease  from  2-9-12-9  /x  (mean  6-8  /x) ;  "dwa..  uur- 
pu,^cies   or  microcytea  (6  n  and  less)  are  regarded  as  young  forms,  and  occur  plentifully  in 
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nearly  all  cases  of  aiuumia.  "  Giant  blood-corpuscles  "  or  niacrocytes  (10  fi  and  more)  are  con- 
stant in  pernicious  aiuemia,  and  sometimes  in  leukiuniia,  chlorosis,  and  liver  cirrhosis  (Gram). 

(3)  Abnonnal  foiTOS  of  the  rod  corpuscles  have  been  observed  after  severe  burns  {LcsHc/r) ;  the  cor- 
puscles arc  much  smaller,  and  under  the  inlluence  of  the  heat,  particles  seem  to  be  detached  from 
them  just  as  can  be  seen  haupening  under  the  microscope  as  the  ellcct  of  heat.  Diaintegration 
of  the  corpuscles  into  line  droplets  has  been  observed  in  various  diseases,  as  in  severe  malarial 
fevers.  The  dark  granules  of  a  pigment  closely  related  to  hiematin  arc  derived  from  the 
granules  arising  from  the  disintegration  of  the  blood-corpuscles,  and  these  particles  float  in  thc 
blood  (melansemia).  This  condition  can  be  jiroduced  artiiicially  by  injecting  bisulphide  of 
carbon  (7  to  70  of  oil)  subcutaneously  into  rabbits  {Schwalbc).  They  are  partly  absorbed  by  the 
colourless  corpuscles,  but  they  are  also  deposited  in  the  spleen,  liver,  brain,  and  bone-marrow. 

(-1)  Sometimes  the  red  corpuscles  are  abnormally  soft,  and  readily  yield  to  jiressure. 

Parasites  of  Blood-CorpuBcles.— Within  the  red  blood-corpuscles  of  birds,  fishes,  and  tortoises, 
parasites  are  occasionally  developed  in  the  form  of  round  "  pscudo-vacuoles  "  from  which  free 
parasites  are  subsequently  tlischarged  (Danilctvsky).  In  malarial  conditions  in  man,  protozoon- 
like  organisms  have  been  seen  within  the  red  corpuscles,  the  Plasmodium  malariie  {Mar- 
chicifava). 

The  white  corpuscles  are  enormously  increased  in  number  in  leukaemia  (/.  E.  BenneU, 
Virchoiv).  In  some  eases  the  blood  looks  as  if  it  were  mixed  with  milk.  The  colourless  cor- 
puscles seem  to  be  formed  chiefly  in  bone-marrow  {E.  Neumann),  and  also  in  the  spleen  aud 
lymphatic  glands  (myelogenic,  splenic,  and  lymphatic  leukfcmia). 

11.  CHEMICAL  CONSTITUENTS  OF  THE  RED  BLOOD-CORPUSCLES.— 

(1)  The  colouring  matter  or  haemoglobin  (Hb)  is  the  cause  of  the  red  colour  of 
blood ;  it  also  occurs  in  muscle,  and  in  traces  in  the  fluid  part  of  blood,  but  in  the 
last  case  only  as  the  result  of  the  solution  of  some  red  corpuscles.  Its  percentage 
composition  is  :— C  53-85,  H  7-32,  I^"  16-17,  Fe  0-4-2,  S  0-39,  O  21-84  (dog).  Its 
rational  formula  is  unknown,  but  Preyer  gives  the  empirical  formula  CgQ^,  HggQ, 
N^g^,  Fe,  S3,  Oj-g.    Although  it  is  a  colloid  substance  it  crystallises  in  all  classes 

^  of  vertebrates,  according  to  the  rhombic  system, 
and  chiefly  in  rhombic  plates  or  prisms;  in  the 
guinea-pig  in  rhombic  tetrahedra  ;  in  the  squirrel, 
however,  it  yields  hexagonal  plates.  The  varying 
forms,  perhaps,  correspond  to  slight  differences 
in  the  chemical  composition  in  different  cases. 
Crystals  separate  from  the  blood  of  all  classes  of 
vertebrata  during  the  slow  evaporation  of  lake- 
coloured  blood,  but  with  varying  facility  (fig.  13). 

The  colouring  matter  crystallises  very  readily  from  the 
blood  of  man,  dog,  mouse,  guinea-pig,  rat,  cat,  hedgehog, 
horse,  rabbit,  birds,  fishes  ;  with  difiiculty  from  that  of 
the  sheep,  ox,  and  pig.  Coloured  crystals  are  not  obtained 
from  the  blood  of  the  frog.  More  rarely  a  crystal  is  formed 
from  a  single  corpuscle  enclosiug  the  stroma.  Crystals 
have  been  found  near  the  nucleus  of  the  large  corpuscles 
of  fishes,  and  in  this  class  of  vertebrates  colourless  crystals 
have  been  observed. 

Dichroism. — Htemoglobin  crj-stals  are  doubly 
refractive  and  pleo-chromatic  ;  they  are  bluish- 
^  red  with  transmitted  light,  scarlet-red  by  reflected 
&,  human  ;"'c,  cat;  d,  guinea-pig;  light.    They  contain  from  3  to  9  per  cent,  water 
c,  hamster ;  /,  squirrel.  of  crystallisation,  and  are  soluble  in  water,  but 

more  so  in  dilute  alkalies.  They  are  insoluble  in  alcohol,  ether,  chloroform,  and 
fats.  The  solutions  are  dichroic  :  red  in  reflected  light,  and  green  in  transmitted 
light. 

In  the  act  of  crystallisation  the  lifemoglobin  seems  to  undergo  some  internal  change.'  Hefore 
it  crystallises  it  does  not  diffuse  like  a  true  colloid,  and  it  also  rapidly  decomposes  hydric 
peroxide.  If  it  be  redissolved  after  crystalli-sation,  it  diffuses,  although  only  to  a  small  e.T;tent, 
but  it  no  longer  decomposes  hydric  pero.\ide,  and  is  decolorised  by  it.  [The  presence  of  O 
favours  crystallisation.] 


Fig.  13. 

Hiemoglobin  crystals  from  blood,  a, 


ESTIMATION  OF  HEMOGLOBIN, 


12.  PKEPARATION  OF  HAEMOGLOBIN  CRYSTALS. —Method  of  RoUett.  — Put  defibiinated 
blood  ill  a  platiiiniii  eiipsule  placed  on  a  freezing  mixture,  freeze  the  blood,  and  then  thaw  it  ; 
])our  the  lake-coloured  blood  into  a  plate,  until  it  forms  a  stratum  not  more  than  1 J  mm.  in 
thickness,  and  allow  it  to  evaporate  slowly  in  a  cool  place,  when  crystals  will  separate" 

Method  of  Hoppe-Seyler.— Mix  delibiiiiatcd  blood  with  10  volumes  of  a  20  per  cent,  salt 
solution,  and  allow  it  to  stand  for  two  days.  Remove  the  clear  upper  Huid  with  a  pipette, 
wash  the  thick  deposit  of  blood-corpuscles  with  water,  and  afterwards  shake  it  for  a  long  time 
with  an  equal  volume  of  ether,  which  dissolves  the  blood-corpuscles.  Remove  the  ether,  filter 
tlie  lake-coloured  blood,  add  to  it  ^  of  its  volume  of  cold  alcohol  (0°),  and  allow  the  mixture  to 
stand  in  the  cold  for  several  days.  The  numerous  crystals  can  be  collected  on  a  filter  and  pressed 
between  folds  of  blotting-paper. 

Method  of  Gscheidlen. — Take  defibrinated  blood,  which  has  been  exposed  for  twenty-four 
hours  to  the  air,  and  keep  it  in  a  closed  tube  of  narrow  calibre  for  several  days  at  37°  C.  AVheu 
the  blood  is  spread  on  glass,  the  crystals  form  rapidly.    [Vaccine  tubes  answer  very  well.] 

[Method  of  Stirling  and  iBrito. — It  is  in  many  cases  sufficient  to  mix  a  drop  of  blood  with  a 
few  drops  of  water  on  a  glass  slide,  and  to  seal  up  the  preparation.  After  a  few  days  beautiful 
crystals  are  developed.  The  addition  of  water  to  the  blood  of  some  animals,  such  as  the  rat 
and  the  guinea-pig,  is  rapidly  followed  by  the  formation  of  crystals  of  hremoglobin.  Very 
large  crystals  may  be  obtained  from  the  stomach  of  the  leech  several  days  after  it  has  sucked 
hlood.] 

13.  QUANTITATIVE  ESTIMATION  OF  HAEMOGLOBIN.— (a)  From  the  Amount  of  Iron  _ 

As  dry  (100°  C.)  h  ajinoglobin  contains  0'42  per  cent,  of  iron,  the  amount  of  htenioglobin  maybe 
calculated  from  the  amount  of  iron.    If  m  represents  the  percentage  amount  of  metallic  iron, 

then  the  percentage  of  hfemoglobin  in  blood  is  ^^^O".*,     The  procedure  is  the  foUowine:— 

0  '42 

Calcine  a  weighed  quantity  of  blood,  and  exhaust  the  ash  with  HCl  to  obtain  ferric  chloride, 
which  is  transformed  into  ferrous  chloride.  The  solution  is  then  titrated  with  potassic 
permanganate. 

(6)  Colorimetric  Method.— Prepare  a  dilute  watery  solution  of  hasmoglobin  crystals  of  a 
known  strength.  With  this  compare  an  aqueous  dilution  of  the  blood  to  be  investigated,  by 
adding  water  to  it  until  the  colour  of  the  test  solution  is  obtained.  Of  course,  the  solutions 
must  be  compared  in  vessels  with  parallel  sides  and  of  exactly  the  same  width,  so  as  to  give  the 
same  thickness  of  fluid  {B'op23e-Scylcr).  [In  the  vessel  with  parallel  sides,  or  haematinometer, 
the  sides  are  exactly  1  centimetre  apart.  Instead  of  using  a  standard  solution  of  oxyhsemoglobin, 
a  solution  of  picro-carminate  of  ammonia  may  be  used  {Rajewsky,  Malassez).'\ 

(c)  By  the  Spectroscope. —Preyer  found  that  a  0  "8  per  cent,  watery  solution  (1  cm.  thick), 
allowed  the  red,  the  yellow,  and  the  first  strip  of  green  to  be  seen  (Bg.  17,  1).  Take  the  blood 
to  be  investigated  (about  0-5  c.cm.),  and  dilute  it  with  water  until  it  shows  exactly  the  same 
optical  effects  in  the  spectroscope.  If  Ic  is  the  percentage  of  Hb,  which  allows  green  to  pass 
through  (0-8  per  cent.),  h,  the  volume  of  blood  investigated  (about  0-5  c.cm.),  ^v,  the  necessary 
amount  of  water  added  to  dilute  it,  then  as  =  the  percentage  of  Hb  in  the  blood  to  be  investi- 
gated— 

It  is  very  convenient  to  add  a  drop  of  caustic  potash  to  blood  and  then  to  saturate  it  with 

/■r'-^^^i^T^^  HaBmoglobinometer  of  Gowers  is  used  for  the  clinical  estimation  of  ha?moglobui 
(lig.  14).  '  The  tint  of  the  dilution  of  a  given  volume  of  blood  with  distilled  water  is  taken 
as  the  index  of  the  amount  of  haemoglobin.  The  distilled  water  rapidly  dissolves  out  all  the 
haimoglobin  as  is  shown  by  the  fact  that  the  tint  of  the  dilution  undergoes  no  change  on 
standing.  The  colour  of  a  dilution  of  average  normal  blood  one  hundi-ed  times  is  taken  as  the 
standard.  The  quantity  of  hsemoglobin  is  indicated  by  the  amount  of  distilled  water  needed 
to  obtain  the  tint  with  the  same  volume  of  blood  under  examination  as  was  taken  of  the 
standard.  On  account  of  the  instability  of  a  standard  dilution  of  blood,  tinted  glycerine-iellv 
IS  employed  instead.  This  is  perfectly  stable,  and  by  means  of  carmine  and  picro-carmine  the 
exact  tint  of  diluted  blood  can  be  obtained.  The  apparatus  consists  of  two  glass  tubes  of 
exactly  the  same  size.  One  contains  (D)  a  standard  of  the  tint  of  a  dilution  of  20  cubic  mm. 
ot  blood,  in  2  cubic  centimetres  of  water  (1  in  100).  The  second  tube  (C)  is  graduated,  100 
degrees  =  2  centimetres  (100  times  20  cubic  millimetres).  The  20  cubic  millimetres  of  blood 
are  measured  by  a  capillary  pipette  (B).  This  quantity  of  the  blood  to  be  tested  is  ejected 
into  the  bottom  of  the  tube,  a  few  drops  of  distilled  water  being  first  placed  in  the  latter.  The 
mixture  is  rapidly  agitated  to  prevent  the  coagulation  of  the  blood.  The  distilled  water  is 
nV.Hl  ^.1        . l7  "l*"  P^l^''"''  ''^°l^P'^^'  of    l^ottlc  (A)  supplied  for  that  purpose), 

wlVii  V.    u°  IS  the  same  as  that  of  the  standard,  and  the  amount  of  water 

wnich  has  been  added  {i.c.,  the  degree  of  dilution)  indicates  the  amount  of  hemoglobin." 
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Fig.  14. 

dowers'  hfEnioglobiiiometer.  A,  pipette  bottle  for  distilled 
water  ;  B,  capillary  pipette  ;  C,  graduated  tube  ;  D,  tube 
with  standard  dilution  ;  F,  lancet  for  pricking  the  finger. 


"  Since  average  normal  blood  yields  the  tint  of  the  standard  at  100  degrees  of  dilution  the 
number  of  degrees  of  dilution  neces.sary  to  obtain  the  same  tint  with  a  given  sjiecimen  of  blood 
is  the  percentage  proportion  of  the  hiuinoglobin  contained  in  it,  compared  to  the  normal.  For 

instance,  the  20  cubic  millimetres 
of  blood  from  a  patient  with  anuj- 
mia  gave  the  standard  tint  of  30 
degrees  of  dilution.  Hence  it 
contained  only  30  per  cent,  of  the 
normal  (|uantity  of  liajmoglobin. 
Hy  ascertaining  witli  the  hsema- 
cytonieter  the  corpu.scular  richness 
of  the  blood,  we  are  able  to  compare 
the  two.  A  fraction,  of  which  the 
numerator  is  tlie  percentage  of 
luemoglobin,  and  the  denominator 
the  percentage  of  corpuscles,  gives 
at  once  the  average  value  per  cor- 
puscle. Thus  the  blood  mentioned 
above  containing  30  per  cent,  of 
haemoglobin,  contained  60  per  cent, 
of  corpuscles;  hence  the  average 
value  of  each  corpuscle  was  ij^  or  i 
of  the  nonnal.  Variations  in  the 
amount  of  hiemoglobin  may  be  re- 
corded on  the  same  chart  as  that 
employed  for  the  corpuscles.  The 
instrument  is  only  expected  to 
yield  approximate  results,  accurate 
within  2  or  3  per  cent.  It  has, 
however,  been  found  of  much 
utilitj'  in  clinical  observation."] 
(c)  Fleischl's  Hsemometer. — For  clinical  purposes  this  instrument  (tig.  15)  is  useful.  A 
cylinder  G,  of  two  compartments  a  and  a',  rests  on  a  metallic  table.    Both  compartments  are 

filled  with  water,  but  in  one  (a;  is  placed 
a  known  quantity  of  blood  measured  in 
a  measuring-tube  of  known  capacity. 
The  red  colour  of  the  solution  of  htemo- 
globin  thus  obtained  is  compared  with 
a  red  wedge  of  glass  (K),  which  is  moved 
by  means  of  a  wheel  (R  and  T)  under 
the  other  compartment  («')  untU  the 
two  colours  are  identical.  The  illumiua- 
ation  of  the  dilute  blood  solution  and 
the  red  glass  wedge  is  done  from  below 
by  lamp  light  reflected  from  the  white 
reflecting  surface  (S).  The  frame  in 
which  the  red  glass  wedge  is  fixed  bears 
numbers,  and  when  the  colour  is  iden- 
tical in  the  two  compartments  a  and  a', 
the  percentage  of  ha;moglobin  as  com- 
pared with  normal  blood  can  be  read  off 
directly.  Suppose  it  to  be  SO  on  the  scale, 
then  the  blood  examined  coutfiins  80  per 
cent,  of  the  lu-cmoglobiu  of  normal  blood. 

The  amount  of  li«moglobin  in 
man  is  13-77  per  cent.,  in  the 
woman  12-59  per  cent.,  during 
pregnancy  9  to  12  per  cei\t  (Prer/er). 
According  to  licichtenstern,  Hb  is 
in  greatest  amount  in  the  blood  of 
a  newly-born  infant,  but  after  ten 
weeks  the  e.xcess  disappears.  Be- 
tween six  months  and  five  years  it  is  smallest  in  amount ;  it  i-eaches  its  second 
highest  maximum  between  twenty-one  and  forty-five,  and  then  sinks  again.  From 


Fleischl's  htemomoter.  K,  red  coloured  wedge  of 
ghws  moved  by  II;  G,  mixing  yes.sel  with  tAvo 
coni]iartments  a  and  u;  M,  table  with  hole  to  read 
oil'  the  percentage  of  liainioglobin  on  the  scale  F ; 
T,  to  move  K  ;  S,  mirror  of  plaster  of  Paris. 
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the  tenth  year  onwards,  the  blood  of  the  female  is  poorer  in  Hb.  The  taking  of 
food  causes  a  temporary  decrease  of  the  Hb,  owing  to  the  dilution  of  the  blood. 

In  Animals. — In  the  dog,  97  ;  ox,  9'9  ;  sheep,  lO'S  ;  pig,  12-7  ;  horse,  131  ;  birds,  16-17 
per  cent. 

Pathological. — A  decrease  is  observable  during  recovery  from  febrile  conditions,  and  also 
during  phthisis,  cancer,  ulcer  of  the  stomach,  cardiac  disease,  chronic  diseases,  chlorosis, 
leuka;mia,  pernicious  anremia,  and  during  the  rapid  mercurial  treatment  of  syphilitic  persons. 

14,  THE  SPECTROSCOPE.— As  the  spectroscope  is  frequently  used  in  the  investigation  of 
blood  and  other  substances,  a  short  description  of  the  instrument  is  given  here  (fig.  16).  It 


Fig.  16. 

Scheme  of  a  spectroscope  for  observing  the  spectrum  of  blood.  A,  tube  ;  S,  slit ;  m,  m, 
layer  of  blood  with  flame  in  front  of  it ;  P,  prism  ;  M,  scale  ;  B,  eye  of  observer  looking 
through  a  telescope  ;      v,  spectrum. 

consists  of— (1)  a  tube,  A,  which  has  at  its  peripheral  end  a  slit,  S  (that  can  be  narrowed  or 
widened).  At  the  other  end  a  collecting  lens,  C  (called  a  collimator),  is  placed,  so  that  its 
focus  is  in  exact  line  with  the  slit.  Light  (from  the  sun  or  a  lamp)  passes  through  the  slit,  and 
tlius  goes  parallel  through  C  to— (2)  the  prism,  P,  which  decomposes  the  parallel  rays  into  a 
coloured  spectrum,  r,  v.  (3)  An  astronomical  telescope  is  directed  to  the  spectrum  r,  v, 
and  the  observer,  B,  with  the  aid  of  the  telescope,  sees  the  spectrum  magnified  from  six  to 
eight  times.  (4)  A  third  tube,  D,  contains  a  delicate  scale,  M,  on  glass,  whose  image,  when 
illuminated,  is  reflected  from  the  prism  to  the  eye  of  the  observer,  so  that  he  sees  the 
spectrum,  and  over  or  above  it  the  scale.  To  keep  out  other  rays  of  light  the  inner  ends  of 
the  three  tubes  are  covered  by  metal  or  by  a  dark  cloth  (see  also  §  265). 

[The  micro-spectroscope,  e.g.,  as  made  by  Browning  or  Zeiss,  may  be  used  when  small  quan- 
tities of  a  solution  are  to  be  examined.  Every  spectroscope  ought  to  give  two  speeti'a,  so  that  the 
position  of  any  absorption-band  may  be  definitely  ascertained.  The  spectroscope  is  fitted  into 
the  ocular  end  of  the  tube  of  a  microscope  instead  of  the  eye-piece.  Small  cells  for  containing 
the  fluid  to  be  examined  are  made  from  short  pieces  of  barometer-tubes  cemented  to  a  plate  of 
glass.  ]  •  ^ 

Absorption  Spectra.— If  a  coloured  medium  [e.g.,  a  solution  of  blood)  be  placed  between  the 
slit  and  a  source  of  light,  all  the  rays  of  coloured  light  do  not  pass  through  it— some  are 
absorbed  ;  many  yellow  rays  are  absorbed  by  blood,  hence  that  part  of  the  spectrum  appears 
•lark  to  the  observer.  On  account  of  this  absorption,  such  a  spectrum  is  called  an  "  ahsm-ption 
spectrum. 

Flame  Spectra.—If  mineral  substances  be  burned  on  a  platinum-wire  in  a  non-luminou.t 
tlame  or  Bunsen  s  burner  in  front  of  the  slit,  the  elements  present  in  tlie  mineral  or  ash  give 
special  coloured  band  or  bands,  which  have  a  definite  position.  Sodium  gives  a  yellow, 
potassium  a  red  and  violet  line.  These  substances  are  found  on  burning  the  ashes  of  almost 
all  organs. 

If  sunlight  be  allowed  to  fall  upon  the  slit,  the  spocti-um  shows  a  large  number  of  lines 
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(Fminhofer's  Unes)  which  occupy  definito  positions  in  the  coloured  spectrum.  These  lines  are 
indicated  by  the  letters  A,  B,  C,  D,  &c.,  «,  h,  c,  &c.  (lig.  17). 

15.  COMPOUNDS  OF  HB  WITH  0  ;  OXYHEMOGLOBIN  AND  METRJ^- 
MOGLOBIN.— 1.  Oxyhaemoglobin  (0,Hb)  Leliaves  as  a  weak  acid,  and  occurs  to 
the  extent  of  86-78  to  94-30  per  cent,  in  dry  human  red  corpuscles  (Judell).  It  is 
formed  very  readily  whenever  Hb  comes  into  contact  with  O  or  atmospheric  air. 
According  to  Bohr,  1  gramme  Hb  unites  with  1  -56  cubic  centimetre  of  O  at  0"  and 
760  mm.  Hg  pressure,  the  union  being  stronger  in  weak  than  in  concentrated 
solutions.  Oxyh£emoglobin  is  a  very  loose  chemical  compound,  and  is  slightly 
less  soluble  than  Hb ;  its  spectrum  shows  in  the  'i/cl/uw  and  the  f/reen  two  dark 
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Spectra  of  ha?moglobin  and  its  compounds. 

absorption-bands,  whose  length  and  breadth  in  a  0"18  per  cent,  solution  are  given 
in  fig.  17  (2).  - 

It  occurs  in  the  blood-corpuscles  circulating  in  arteries  and  capillaries,  as  can  be 
shown  by  the  spectroscopic  examination  of  the  ear  of  a  rabbit,  of  the  prepuce,  and 
the  web  of  the  fingers  {Vieronlt). 

[Spectrum  of  Oxyhsemoglobin. — In  the  spectrum  of  a  dilute  solution  of  hivmo- 
globin  crystals  or  arterial  blood,  part  of  the  red  and  violet  rays  are  absorbed, 
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but  two  well-marked  absorption-bands  exist  between  D  and  E.    The  line  nearest 

D,  i.e.,  next  tlie  red  end  of  the  spectrum,  sometimes  designated  by  the  letter  (a) 
is  narrow  sharply  defined,  and  black  at  its  centre,  and  its  position  corresponds  to 
the  wave-length  579.  The  other  absorption.band  near  E,  conveniently  designated 
by  (p),  is  broader,  not  so  dark,  and  its  edges  are  less  sharply  defined.  Its  centre 
corresponds  to  the  wave-length  553-8.  In  very  dilute  solutions  the  a  band  is  the 
only  one  visible.  In  a  strong  solution,  as  shown  in  fig.  17,  the  two  bands  fuse,  but 
are  again  made  visible  as  two  on  dilution  of  the  blood.] 

Reduction  of  Oxyhsemoglobin. — It  gives  up  its  O  very  readily,  however,  even 
when  means  which  set  free  absorbed  gases  are  used.  It  is  reduced  by  the  removal 
of  the  gases  by  the  air-jmmio,  by  the  conduction  through  its  solution  of  other  gases 
(CO),  and  by  heating  to  the  boiling-point.  In  the  circulating  blood  its  O  is  very 
rapidly  given  up  to  the  tissues,  so  that  in  suffocated  animals  only  reduced  hcemo- 
glohin  is  found  in  the  arteries.  Some  constituents  of  the  serum  and  sugar  remove 
its  O.  By  adding  to  a  solution  of  oxyhaamoglobin  reducing  substances — e.g., 
ammonium  sulphide,  iron  filings,  or  Stokes's  fluid  [tartaric  acid,  iron  proto-sulphate, 
and  excess  of  ammonia] — the  two  absorption-bands  of  the  spectrum  disappear,  and 
reduced  heemoglohin  (gas-free),  with  one  absorption-band,  is  formed.  The  colour 
changes  from  a  bright  red  to  a  purplish  or  claret  tint,  The  two  bands  are 
reproduced  by  shaking  the  reduced  hsemoglobin  with  air,  whereby  02Hb  is  again 
formed.  Solutions  of  oxyhsemoglobin  are  readily  distinguished  by  their  scarlet 
colour  from  the  purplish  tint  of  reduced  h£emoglobin. 

[The  single  absorption-band  (fig.  17,  4)  designated  by  the  letter  (y),  lying  about 
midway  between  the  position  of  the  two  previous  bands,  is  broader,  fainter,  less 
deeply  shaded,  and  its  centre  is  about,  but  not  quite,  intermediate  between  D  and 

E.  It  extends  between  the  wave-lengths  595  and  538,  and  is  blackest  opposite  the 
wave-length  550,  so  that  it  lies  nearer  D  than  E.  At  the  same  time  more  of  the 
blue  rays  are  transmitted.  On  dilution  the  band  is  not  resolved  into  two,  but 
simply  becomes  fainter  and  disappears.] 

[HEemoglobin  has  certain  remarkable  characters  : — (1)  Although  it  is  a  crystalloid 
body  it  diffuses  with  difficulty  through  an  animal  membrane,  owing  to  the  large 
size  of  its  molecule.  (2)  It  readily  combines  with  O  to  form  an  unstable  and  loose 
chemical  compound,  oxyhsemoglobin.  (3)  This  O  it  gives  up  readily  to  the  tissues 
or  other  deoxidising  reagents.  (4)  Its  composition  is  very  complex,  for,  in  addition 
to  the  ordinary  elements  present  in  proteids,  it  contains  a  remarkable  amount  of 
iron  (0'4  per  cent.).] 

If  a  string  be  tied  round  the  base  of  two  fingers  so  as  to  interrupt  the  circulation,  .spectro- 
scopic examination  shows  that  the  oxyhajmoglobin  rapidly  passes  into  reduced  Hb  ( Vicrordt). 
Cold  delays  this  reduction ;  it  is  accelerated  in  youth,  dining  muscular  activity,  or  by  suppressed 
respiration,  and  usually  also  during  fever. 

The  spectroscopic  examination  of  small  blood-stains  is  often  of  the  utmost  forensic  import- 
ance. A  minimal  drop  is  sufficient.  Dissolve  the  stain  in  a  few  drops  of  distilled  water,  and 
place  the  solution  in  a  thin  glass  tube  in  front  of  the  slit  of  the  spectroscope. 

Para-hsemoglobin. — If  O^Hb  be  preserved  under  alcohol  it  passes  into  a  modified  form, 
which  is  insoluble  in  water  {Ncncki  and  Siehcr). 

2.  Methsemoglobin  is  a  more  stable,  crystalline  compound  {Iloppe-Seyler).  It 
contains  the  same  amount  of  0  as  OoHb,  but  in  a  different  chemical  union,  while 
the  0  is  also  more  firmly  united  with  it.  It  shows  four  absorption-bands  like 
hajmatin  in  acid  solution  (fig.  17,  5),  of  which  that  between  0  and  D  is  distinct; 
the  second  is  very  indistinct,  while  the  third  and  fourth  readily  fuse,  so  that  these 
last  two  bands  are  only  well  seen  with  good  apparatus. 

It  is  produced  spontaneously  in  old  brown  blood-stains,  in  the  crusts  of  bloody  wounds,  in  blood 
cysts,  and  in  bloody  urine.  Chemically,  it  can  be  prejiared  from  a  solution  of  Hb,  by  the  action  of 
potassic  ferri-cyanide  (Jdderholm)  or  potassic  chlorate  {Marclmnd),  [or  by  adding  to  a  solution 
of  Hb  a  freslily  prepared  solution  of  potassic  permanganate],  and  in  non-laky  blood  byalloxantin 
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[Kowaleiosky).  It  ciystnllises  if  defibrinatcil  blood  is  sliaken  with  amyl  nitrite  and  the 
niahogiuiy-browu  laky  fluid  be  allowed  to  evaporate  slowly  [HuUilurton). 

If  a  trace  of  ammonia  be  added  to  a  solution  of  metliuiinoglobin,  it  gives  an  alkaline  solution 
of  methronioglobin,  which  shows  two  bands  like  oxyhionogloliin,  of  which  the  first  one  is  the 
broader,  and  extends  more  towards  the  red.  If  ammonium  sulphide  be  added  to  the  metha-mo- 
globin  solution,  reduced  Hb  is  formed. 

[Action  of  Nitrites. — The  addition  of  amyl  nitrite  dissolved  in  alcohol,  or  sodic 
or  potassic  nitrite  to  defibrinated  blood  causes  the  latter  to  assume  a  chocolate 
colour,  which,  on  the  addition  of  ammonia,  changes  to  red.  The  chocolate-coloured 
fluid  shows  one  well-defined  band  in  the  red,  and  less  distinctly  other  three  bands  like 
methaenioglobin  {Gamriee).'\ 

[The  nitrites  therefore  form  a  compound  with  its  oxygen  more  firmly  fixed  than  the  0  in 
HbO.j,  so  that  largo  doses  of  nitrites  arrest  the  internal  respiration  and  are  poisonous.  It  is, 
however,  allccted  by  the  products  formed  in  the  blood  during  asphyxia,  while  CO-Hb  is  not, 
the  methremoglobin  formed  by  the  nitrites  is  reduced  by  these  products  to  Hb,  which  as  it 
passes  through  the  lungs  takes  up  0.] 

16.  CARBONIC  OXIDE-HiEMOGLOBIN,  POISONING  WITH  CO.— .3.  CO- 
Haemoglobin  is  a  more  stable  chemical  compound  than  the  foregoing,  and  is  pro- 
duced at  once  when  carbonic  oxide  is  brought  into  contact  with  pure  Hb  or  OjHb 
{CI.  Bernard,  1857).  It  has  an  intensely  florid  or  cherry  red  co\om,  is  not  dichroic, 
and  its  spectrum  shows  two  a'bsorption-'bands,  very  like  those  of  OoHb,  but  they 
are  slightly  closer  together  and  lie  more  towards  the  violet  (fig.  17,  3).  E educing 
substances  which  act  upon  HbOg,  e.g.,  ammonium  sulphide  or  Stokes's  fluid,  do  not 
affect  these  bands,  i.e.,  they  cannot  convert  the  CO-Hb  into  reduced  Hb.  If  a  10 
per  cent,  solution  of  caustic  soda  be  added  to  a  solution  of  CO-Hb,  and  heated,  it 
gives  a  cinncihar  red  colour ;  while,  with  an  HbOg  solution,  it  gives  a  dark  brown, 
greenish,  greasy  mass.  Oxidising  substances  [solutions  of  potassic  permanganate 
(0'025  per  cent.),  potassic  chlorate  (5  per  cent.),  and  dilute  chlorine  solution]  make 
solutions  of  CO-Hb  cherry  red  in  colour,  while  they  turn  solutions  of  0.,Hb  pale 
yellow.  After  this  treatment  both  solutions  show  the  absorption-bands  of  meth*- 
mogoblin,  but  those  of  the  CO-Hb  appear  considerably  later.  If  ammonium 
sulphide  be  added,  OqHb  and  CO-Hb  are  re-formed. 

On  account  of  its  stability,  CO-Hb  resists  external  influences  and  even  putrefaction  for  a  long 
time,  and  the  two  bands  of  the  spectrum  may  be  visible  after  many  months.  Landois  obtained 
the  soda  test  and  spectroscopic  bands  in  the  blood  of  a  woman  poisoned  eighteen  months  pre- 
viously by  CO,  and  after  great  putrefaction  of  the  body  had  taken  place.  [Stirling  has  kept 
CO-Hb  in  a  stoppered  bottle  for  five  years  without  putrefaction  taking  place.] 

If  CO  or  air  containing  it  be  inspired,  it  gradually  displaces  the  O,  volume  for 
volume,  out  of  the  red  blood-corpuscles,  and  death  soon  occurs  ;  1000  c.cm.  inspired 
at  once  will  kill  a  man.  A  very  small  quantity  in  the  air  (4^77- toW)  sufiices,  in 
a  relatively  short  time,  to  form  a  large  quantity  of  CO-Hb.  As  continued  contact 
with  other  gases  (such  as  the  passing  of  O  through  it  for  a  very  long  time) 
gradually  separates  the  CO  from  the  Hb,  with  the  formation  of  OoHb,  it  happens 
that,  in  very  partial  poisoning  with  CO,  the  blood  gradually  gets  rid  of  the  CO  by 
the  respiratory  organs.  It  is  uncertain  if  any  part  is  excreted  as  CO.,.  [CO- 
Hjemoglobin,  being  a  stable  compound  when  once  formed,  circulates  in  the  blood- 
vessels ;  but  it  neither  gives  up  oxygen  to  the  tissues,  nor  takes  up  oxygen  in  the 
lungs,  hence  its  very  poisonous  properties.  The  real  cause  of  death  in  animals 
poisoned  with  it  is,  that  the  internal  respiration  is  arrested.] 

Poisoning  with  Carbonic  Oxide. —Carbonic  oxide  is  formed  during  the  incomplete  combustion 
of  coal  or  coke,  and  passes  into  the  air  of  the  room,  provided  there  is  not  a  free  outlet  for  the 
products  of  combustion.  It  occurs  to  the  extent  of  12-28  per  cent,  in  ordinary  gas,  which 
largely  owes  ita  poisonous  properties  to  the  presence  of  CO.  If  the  0  be  gradually  displaced  from 
the  blood  by  the  respiration  of  air  containing  CO,  life  can  only  be  maintained  as  long  as  suffi- 
cient 0  can  be  obtained  from  the  blood  to  support  the  oxidations  necessary  for  life.  Death 
occurs  before  all  the  0  is  displaced  froni  the  blood.  CO  has  no  oflect  when  directly  applied  to 
muscle  and  nerve.   When  it  is  mixed  with  air,  ns  in  coal-gas  poisoning,  and  inhaled,  there  is  first 
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stimulation  and  afterwards  paralysis  of  tlie  nervous  system,  as  sliowu  by  the  symptoms  induced, 
e.g.,  violent  headache,  great  restlessness,  excitement,  increased  activity  of  the  heart  and  respira- 
tion, salivation,  tremors,  and  spasms.  Later,  unconsciousness,  weakness,  and  paralysis  occur, 
laboured  respiration,  diminished  heart-beat,  and  lastly,  complete  loss  of  sensibility,  cessation 
of  the  respiration  and  heart-beat,  and  death.  At  first  the  temperature  rises  several' tenths  of  a 
degree,  but  it  soon  falls  1°  or  more.  The  pulse  is  also  increased  at  first,  but  afterwards  it 
becomes  very  small  and  frequent.  In  poisoning  with  pure  CO  there  is  no  dyspnoea,  but  some- 
times muscular  spasms  occur,  the  coma  not  being  very  marked.  There  is  also  temporary  but 
pronounced  paralysis  of  the  limbs,  followed  by  violent  spasms.  After  death  the  heart  and  brain 
aro  congested  with  intensely  florid  blood.  In  poisoning  with  the  vapour  of  charcoal,  where 
CO  and  CO.,  both  occur,  there  is  a  varying  degree  of  coma  ;  pronounced  dyspncea,  muscular 
spasms  which  may  last  several  minutes,  gradual  paralysis  and  asphyxia,  moniliform  contrac- 
tions and  subsequent  dilatation  of  the  blood-vessels,  with  congestion  of  various  organ.s,  occur, 
accompanied  by  a  fall  of  the  blood-pressure  [Kl.cbs),  indicating  initial  stimulation  and  subsequent 
paralysis  of  the  vaso-motor  centre.  This  also  explains  the  variations  in  the  temperature  and 
the  occasional  occurrence  of  sugar  in  the  urine  after  poisoning  with  CO.  After  death,  the 
blood-vessels  are  found  to  be  filled  with  fluid  blood  of  an  exquisitely  bright  cherry  red  colour, 
while  all  the  muscles  and  viscera  and  exposed  parts  of  the  body  (such  as  the  lips)  have  the  same 
coloiir.  The  brain  is  soft  and  friable ;  there  is  catarrh  of  the  respiratory  organs  and  degenera- 
tion of  the  muscles,  and  great  congestion  and  degeneration  of  the  liver,  kidneys,  and  spleen. 
The  spots  of  lividity,  post-mortem,  are  bright  red.  After  recovery  from  poisoning  with  CO 
there  may  be  paraplegia  and  (although  more  rarely)  disturbances  of  the  cerebral  activity. 

17.  OTHER  COMPOUNDS  OF  HEMOGLOBIN.— 4.  Nitric  Oxide-Hemo- 
globin (NO-Hb)  is  formed  when  NO  is  brought  into  contact  with  Hb  (i. 
Hermann). 

As  NO  has  a  great  affinity  for  0,  red  fumes  of  nitrogen  peroxide  (NOo)  being  formed  when- 
ever the  two  gases  meet,  it  is  clear  that,  in  order  to  prepare  NO-Hb,'  the  0  must  first  be 
removed.  This  may  be  done  by  passing  H  through  it,  [or  ammonia  may  be  added  to  the  blood,  and 
a  stream  of  NO  passed  through  it ;  the  ammonia  combines  with  all  the  acid  formed  by  the  union 
of  the  NO  with  the  0  of  the  blood].  NO-Hb  is  a  vwre  stable  chemical  com2mind  than  CO-Hb, 
which,  as  we  have  seen,  is  again  more  stable  than  OgHb.  It  has  a  bluish-violet  tint,  and  also 
gives  two  absorption-bands  in  the  spectrum  similar  to  those  of  the  other  two  compounds,  but 
not  so  intense.  These  bands  are  7iot  abolished  by  the  action  of  reducing  agents.  As  NO-Hb 
cannot  be  formed  in  the  body,  it  has  no  practical  significance. 

The  three  compounds  of  Hb,  with  O,  CO,  and  NO  are  crystalline,  like  reduced 
Hb  ;  they  are  isomorphons,  and  their  solutions  are  not  dichroic.  All  three  gases 
unite  in  equal  volumes  with  Hb.  If  O  be  conducted  through  a  concentrated 
solution  of  Hb  devoid  of  gases,  a  crystalline  mass  of  OjHb  is  thereby  readily 
formed. 

5.  Cyanogen,  CNII  {Hoppe-S'eyler),  and  acetylene,  C.^H^  {Bistrow  and  Liebreich),  form  easily 
decomposable  compounds  with  Hb.  The  former  occurs  in  poisoning  with  hydrocyanic  acid,  and 
has  a  spectrum  nearly  identical  with  that  of  O^Hh,  and,  like  O.iHb,  it  is  reduced,  but  very 
slowly,  by  .special  reagents.  [The  existence  of  these  compounds  is,  however,  highly  doubtful 
{Gamgee).'] 

18.  DECOMPOSITION  OF  HEMOGLOBIN.— In  solution  and  in  the  dry 

state  Hb  gradually  becomes  decomposed,  whereby  the  iron-containing  pigment 
hsematin  (along  with  certain  bye-products,  formic,  lactic,  and  butyric  acids),  is 
formed.  Haemoglobin,  however,  may  be  decomposed  at  once  into— (1)  Hsematin, 
a  body  containing  iron,  and  (2)  a  colourless  proteid  closely  related  to  globulin ;  by 
{fi)  the  addition  of  all  acids,  even  by  CO.^  in  the  presence  of  plenty  of  water ;  {b) 
strong  alkalies  ;  (c)  all  reagents  which  coagulate  albumin,  and  by  heat  at  70°-80° 
C;  (d)  by  ozone. 

(A)  Haematin,  C32H32N4re04  {NencU  and  Sieher),  is  a  bluish-black  amorphous 
body,  which  forms  about  4  per  cent,  of  hfemoglobin  (dog).  It  is  insoluble  in  water, 
alcohol,  and  ether  ;  soluhle  in  dilute  alkalies  and  acids,  and  in  acidulated  ether  and 
alcohol. 

(1)  Acid  Haematin. — Lecanu  extracted  it  from  dry  blood-corpuscles  by  using 
alcohol  containing  sulphuric  and  tartaric  acids.  [If"  acetic  acid  be  added  to  a 
solution  of  Hb  and  slightly  heated,  a  mahogany-brown  fluid  is  obtained,  containing 
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hmviatin  in  and  solution,  which  gives  a  spectrum  with  one  ahsorption-band  to  the 
red  side  of  D  near  C  (fig.  17,  5).  There  is  at  the  same  time  a  considerable 
absorption  of  tlic  blue  end  of  the  spectrum.  If  an  ethereal  extract  of  the  acid- 
hiematin  be  made,  the  ethci-  is  coloured  brown  and  shows  four  absorption-bands, 
as  in  fig.  17,  5.] 

(2)  Alkali-haematin. — [If  to  the  above  solution  ammonia  or  caustic  soda  be 
added,  on  heating  gently,  the  colour  changes,  and  the  fluid  becomes  dichroic,  showing 
a  greenish  tinge.  Ou  mixing  the  solution  thoroughly  with  air  the  spectrum  of 
oxy-alkali-hasraatin  is  obtained,  i.e.,  one  absorption-band  just  to  the  red  side  of  D 
(fig.  17,  G),  so  that  it  is  much  nearer  D  than  the  corresponding  band  of  acid- 
hiematin.    Much  of  the  blue  end  of  the  spectrum  is  absorbed  as  well.] 

[(3)  Reduced  Alkali-hsematin  or  Hsemochromogen. — If  the  solution  of  alkali- 
hasmatin  be  reduced  by  ammonium  sulphide,  the  spectrum  of  hajraochromogen  is 
obtained,  viz.,  two  ahsorption-bands  between  D  and  E,  but  they  are  nearer  the 
violet  end  than  in  the  case  of  HbO.,  and  Hb-CO  (fig.  17,  7).] 

[(4)  Hsematoporphyrin  or  Iron-free  Hsematin. — On  adding  blood  to  con- 
centrated sulphuric  acid  a  clear  purplish-red  solution  is  obtained,  which  shows  two 
ahsorption-bands,  one  close  to  and  on  the  red  side  of  D,  and  a  second  half-way 
between  D  and  E.  If  water  be  added  a  brown  precipitate  is  thrown  down.  When 
this  precipitate  is  dissolved  in  caustic  soda,  it  gives  a  fluid  which  shows  four 
absorption-bands.] 

Action  of  CO.,.  — If  CO^  be  passed  tlirougli  a  solution  of  oxyLsemoglobin  for  a  considerable 
time,  reduced  fib  is  first  formed  ;  but  if  the  process  be  prolouged  the  Hb  is  decomposed,  a 
in'ecipitate  of  globulin  is  thrown  down,  and  an  absorption-band,  similar  to  that  obtained  when 
Hb  is  decomposed  with  acids,  is  observed  (p.  25). 

An  alkaline  solution  of  hsematin,  when  reduced  by  tin  and  hydrochloric  acid, 

yields  urobilin  (compare  §  261). 

When  lisemoglobin  is  extravasated  into  the  subcutaneous  tissue,  it  becomes'  so  altered  that 
at  first  hieniatoidin  (§  20),  and  ultimately  hydrated  oxide  of  iron,  appear  in  its  place. 

19.  H^MIN  AND  BLOOD  TESTS.— In  1853  Teichmann  prepared  crystals  of 
haemin  from  blood,  which  Hoppe-Seyler  showed  to  be  chloride  of  hsematin 
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Fig.  19. 
Hivmin  crj-stals  prepai-ed 
from  traces  of  blood. 


(Htematin,  +2HC1),  with  the  formula  Cg.^a^ClN^FeOg  {Nencki  and  Sieber). 
The  presence  of  these  crystals  is  used  as  a  test  for  blood-stains  or  blood  in  solution. 
They  (fig.  18)  are  prepared  by  adding  a  small  crystal  of  common  salt  to  dry  blood 
on  a  glass  slide,  and  then  an  excess  of  glacial  acetic  acid  ;  the  whole  is  gently  heated 
until  bubbles  of  gas  are  given  off.  On  allowing  the  preparation  to  cool,  the 
characteristic  hremin  crystals  are  obtained. 

Characters. — When  well  formed,  the  crystals  are  small  microscopic  rhombic 


H^MATOIDIN. 


27 


plates,  or  rods ;  sometimes  they  are  single — at  other  times  they  are  aggregated  in 
groups,  often  crossing  each  other.  Some  kinds  of  blood  (ox  and  pig)  yield  very 
irregular,  scarcely  crystalline,  masses.  The  crystalline  forms  of  hajmin  are  identical 
in  all  the  different  kinds  of  blood  that  have  been  examined.  They  are  doubly 
refractive ;  under  the  polarization  microscope  they  are  a  glancing  yellow,  appear- 
ing raised  on  the  dark  field,  with  a  strong  absorption  of  the  light  parallel  to  the 
long  axis  of  the  crystals  {Falh  and  Morache).  They  are  pleochromatic  :  by 
transmitted  light  they  are  mahogany-brown,  and  by  reflected  light  bluish-black, 
glancing  like  steel. 

(1)  Preparation  from  Dry  Blood-Stains. — Place  a  few  particles  of  the  blood-stain  on  a  glass 
slide,  add  2  to  3  drops  of  glacial  acetic  acid  and  a  small  crystal  of  common  salt ;  cover  with  a 
cover-glass,  and  heat  gently  over  the  flame  of  a  spirit  lamp  until  bubbles  of  gas  are  given  ofl". 
On  cooling,  the  crystals  appear  in  the  preparation  (fig.  19). 

(2)  From  Stains  on  Porous  Bodies. —The  stained  object  (cloth,  wood,  blotting  paper,  earth) 
is  extracted  with  a  small  quantity  of  dilute  caustic  potash,  and  afterwards  with  water  in  a 
watch-glass.  Both  solutions  are  carefully  filtered,  and  tannic  acid  and  glacial  acetic  acid  are 
added  until  an  acid  reaction  is  obtained.  The  dark  precipitate  which  is  formed  is  collected  on 
a  filter  and  washed.  A  small  part  of  it  is  placed  on  a  microscope  slide,  a  granule  of  common 
■salt  is  added,  and  the  whole  diied  ;  the  dry  stain  is  treated  as  in  (1)  {Struive). 

(3)  From  Fluid  Blood. — Dry  the  blood  slowly  at  a  low  temperature,  and  proceed  as  in  (1). 

(4)  From  Dilute  Solutions  of  Haemoglobin. — (a)  Strutve's  Method. — Add  to  the  fluid,  am- 
monia, tannic  acid,  and  afterwards  glacial  acetic  acid,  until  it  is  acid  ;  a  black  precipitate  of 
tannate  of  hsematin  is  thrown  down.  This  is  isolated,  washed,  dried,  and  treated  as  in  (1),  but 
instead  of  NaCl  a  granule  of  ammonium  chloride  is  added. 

Hsemin  crystals  may  sometimes  be  prepared  from  putrefying  or  lake- coloured 
blood,  but  they  are  very  small,  and  the  test  often  fails.  When  mixed  with  iron- 
rust,  as  on  iron  weapons,  the  blood-crystals  are  generally  not  formed.  In  such  cases, 
scrape  off  the  stains  and  boil  them  with  dilute  caustic  potash.  If  blood  be  present, 
the  dissolved  heematin  forms  a  fluid,  which  in  a  thin  layer  is  green,  in  a  thick 
layer  red  (11.  Rose). 

Hsemin  crystals  have  been  prepared  from  all  classes  of  vertebrates  and  from  the  blood  of 
the  earth-worm.    From  the  blood  of  the  ox  and  pig  they  may  be  almost  amorphous. 

Chemical  Characters.- — They  are  insoluble  in  water,  alcohol,  ether,  chloroform  ;  but  con- 
centrated H2SO4  dissolves  them,  expelling  the  HCl,  and  giving  a  violet-red  colour.  Ammonia 
also  dissolves  them,  and  if  the  resulting  solution  be  evaporated,  heated  to  130°  C,  and  treated 
with  boiling  water  (which  extracts  the  ammonium  chloride),  hsematoporphyrin — identical  with 
Mulder's  iron-free  hsematoin,  and  with  Preyer's  hsematoin,  is  obtained  {Hoppc-Scylcr). 
It  is  a  bluish-black  substance,  which  on  being  pounded  forms  a  brown  and  amorjihous  powder. 
Its  solutions  in  caustic  alkalies  are  dichroic  :  in  reflected  light  brownish-red  ;  in  ti-ansmitted 
light,  in  a  thick  stratum,  red — in  a  thin  one,  olive-green.  The  acid  solutions  are  monochro- 
matic and  brown. 

Preparation  in  Balk.— To  obtain  it  in  quantity,  heat  dried  horse's  blood  with  10  parts  of 
formic  acid.  If  the  crystals  be  suspended  in  methyl  alcohol,  on  adding  iodine  and  heating 
them  they  dissolve  with  a  purple  colour;  after  adding  bromine, 
brown  ;  and  after  passing  chlorine  gas,  green  ;  all  these  give  a 
characteristic  spectrum  [Axenfeld). 

The  glacial  acetic  acid  may  be  replaced  by  oxalic  or  tartaric 
acid,  the  common  salt  by  salts  of  iodine  or  bromine ;  in  the  latter 
case  similar  bromine-  or  iodine-hrematin  is  formed  {Bikfalvi). 

20.  H^MATOIDIN.—Virchow  discovered  this  im- 
portant derivative  of  hsemoglobin.  It  occurs  in  the 
body  wherever  blood  stagnates  outside  the  circulaition, 

and  becomes  decomposed— as  .when  blood  is  extra  vasated 
into  the  tissues-e.ry.,  the  brain— in  solidified  blood-        Hi^matouhn  crystals. 

plugs  or  thrombi;  especially  in  veins;  invariably  in  the  Graafian  follicles.  It  con- 
tains no  iron  (Cg.Hg^N^Oy),  and  crystallises  in  clino-rhombic  prisms  (fig.  20)  of  a 
yellowish -brown  colour.  It  is  soluble  in  warm  alkalies  and  chlorofo'i-m.  Very 
probably  it  is  identical  with  the  bile-pigment— bilirubin.    [When  acted  upon 
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by  impure  nitric  acid  (Gnielin's  reaction),  it  gives  the  same  play  of  colours  as- 
bile.] 

Pathological.— In  cases  where  a  largo  amount  of  Wood  has  unclorgonc  solution  within  the 
blood-vessels  (as  by  mjeetnig  foreign  blood)  hfematoidin  crystals  have  been  found  in  the  urine 
J^or  then-  occurrence  ni  the  urnie  in  jaundice  (§  180),  and  in  the  sputum  fS  138). 

21.  (B.)  THE  COLOURLESS  PROTEID  OF  H^MOGLOBIN.-It  is  closely 
related  to  globulin ;  but,  while  the  latter  is  precipitated  by  all  acids,  even  by  CO.,, 
and  re-dissolved  on  passing  O  through  it,  the  proteid  of  haemoglobin,  on  the  other 
hand,  is  not  dissolved  after  precipitation  on  passing  through  it  a  stream  of  O. 

As  crystals  of  hiemoglobin  can  be  decolorised  under  special  circumstances,  it  Is  probable  that 
these  owe  their  crystalhne  form  to  the  proteid  which  they  contain.  Landois  placed  crystals  of 
hremoglobni  along  with  alcohol  in  a  dialj'ser,  putting  ether  acidulated  with  sulphuric  acid  out- 
side, and  thereby  obtained  coloui  less  crystals.  [If  frogs'  blood  be  .sealed  up  on  a  microscopic 
slide  along  with  a  few  drops  of  water  for  several  days,  long  colourless  acicular  crystals  are 
developed  in  it  {Stirling  and  £rito).] 

22.  II.  PROTEIDS  OF  THE  STROMA.— Dry  red  human  blood-corpuscles  con- 
tain from  5-10 -12-24  per  cent,  of  these  proteids,  but  little  is  known  about  them 
(J Udell).  One  of  them  is  globulin,  which  is  combined  with  a  body  resembling 
nuclein  ( Wooldridge),  and  traces  of  a  diastatic  ferment  {v.  Wittich).  The  stroma 
tends  to  form  masses  which  resemble  fibrin. 

L.  Brunton  found  a  body  resembling  mucin  in  the  nuclei  of  red  blood-corpuscles,  and 
Miescher  iletected  nuclein  (§  250,  2). 

23.  OTHER  CONSTITUENTS  OF  RED  BLOOD-CORPTJSCLES.— III.  Lecithin 
(0-35-0-72  per  cent.)  in  dry  blood-corpuscles  (§  250,  2).  Cholesterin  (0-2.5  per 
cent.)  (§  250,  III.),  no  Fats. 

Lecithin  is  regarded  as  a  glycero-phosphate  of  neurin,  in  which,  in  the  radical  of  glycero- 
phosphoric  acid,  two  atoms  of  H  are  replaced  by  two  of  the  radical  of  stearic  acid.  By  gentle 
heat  glycero-phosphoric  acid  is  split  up  into  glycerine  and  phosphoric  acid  (§  250). 

The.se  substances  are  obtained  by  extracting  old  stromata  or  isolated  blood-corpuscles  with 
ether.  When  the  ether  evaporates,  the  characteristic  globular  forms  ("  myelin-forms ")  of 
lecithin,  and  crystals  of  cholesterin  are  recognised.  The  amount  of  lecithin  may  be  determined 
from  the  amount  of  phosphorus  in  the  ethereal  exti-act. 

IV.  Water  (681-63  per  1000— C.  Schmidt). 

V.  Salts  (7-28  per  1000),  chiefly  compounds  of  potash  and  phosphoric  acid;  the 
phosphoric  acid  is  derived  only  from  the  burned  lecithin  ;  while  the  greater  part  of 
the  sulphuric  acid  is  derived  from  the  burning  of  the  htemoglobin  in  the  analysis. 

Analysis  of  Blood. — 1000  parts,  by  weight,  of  horse's  blood  contain  :— 

344-18  blood-corpuscles  (containing  about  128  per  cent,  of  solids). 
655-82  plasma  (containing  about  10  per  cent,  of  solids). 

1000  parts,  by  weight,  of  moist  blood-corpuscles  contain  : — 

Solids,    ....       367-9  (pig);  400-1  (ox). 
Water,    .       .       .       .       632-1    ,,  599-9 


The  solids  are  :— 

Pift.  Ox. 

Hremoglobin,   .     261  280-5 

Proteids,  86-1  107 

Lecithin,  Cholesterin,  and  other  Organic  Bodies,       12-0  7-5 

Inorganic  salts,  8-9  4-8 

r  Potash,   5-543  0*747 

Magnesia  O'lSS  0-017 

Including  ■'  Chlorine,   1  -504  1  -635 

Phosphoric  Acid,   ....        2  067  0-703 
I  Soda,   0  2-093  (5m?i^0- 


[An  approximate  estimate  of  the  composition  of  human  blood  is  given  in  the 
following  table  : — 
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Composition  of  Human  Blood  as  a  Whole. 

AVater  

Solids— of  these— 

Corpuscle.s,  ....... 

Serum-albumin,  1 

Serum-globulin,  j  ' 

Fibrin  of  (Jlot  (?  Fibrinogen),  .... 
Inorganic  Salts  (of  serum),  .... 

Extractives,  

Fatty  matters,  

Gases,  0,  C'0„,  N.] 


134 
70 


2-2 
6-0 
6-2 
1-4 


780 


220 


24.  CHEMICAL  COMPOSITION  OF  THE  WHITE  CORPUSCLES.— Investi- 
gations have  been  made  on  pus  cells,  wliicli  closely  resemble  colourless  blood- 
corpuscles.  They  contain  several  proteids  ;  alkali-albuminate,  a  proteid  which 
coagulates  at  48°  C,  an  albuminate  resembling  myosin,  paraglobulin,  peptone,  and  a 
coagulating  ferment ;  nuclein  in  the  nuclei  (§  250,  2),  glycogen  (§  252),  lecithin, 
cerebrin,  cholesterin,  and  fat. 

100  parts,  by  weight,  of  dry  pus  contain  the  following  Salts  : — 


Earthy  Phosphates, 
Sodic  Phosphate, 


0-416 
0-606 


Potash,  . 
Sodic  Chloride, 


0-201 
0-143 


25.  BLOOD-PLASMA  AND  ITS  RELATION  TO  SERUM.— The  unaltered 
fluid  in  vphich  the  blood-corpuscles  float  is  called  blood-plasma,  or  liquor  sanguinis. 
This  fluid,  however,  after  blood  is  -withdravpn  from  the  vessels,  rapidly  undergoes  a 
change,  owing  to  the  formation  of  a  solid  fibrous  substance — fibrin.  After  this 
occurs,  the  new  fluid  which  remains,  no  longer  coagulates  spontaneously  (it  is 
plasma,  minus  the  fibrin-factors),  and  is  called  serum.  Apart  from  the  presence  of 
the  fibrin-factors,  the  chemical  composition  of  plasma  and  serum  is  the  same. 

[WHien  blood  coagulates,  Table  I.  shows  what  takes  place,  while  Table  II.  shows  what  occurs 
"when  it  is  beaten  : — 


CoagulatioD. 

Blood. 


I 

Plasma. 


Coi-puscles. 


Senmi. 


I 

Fibrin-factovs. 


'II. 

When  beaten. 
Blood. 


I 

Plasma. 


Coi-puscles. 


Fibrin-factors. 


I 

Serum. 


Blood-Clot.  Fibrin.  Defibrinated  Blood, 

Plasma  is  a  clear,  transparent,  slightly  thickish  fluid,  which,  in  most  animals 
(rabbit,  ox,  cat,  dog),  is  almost  colourless ;  in  man  it  is  yellow,  and  in  the  horse 
citron  yellow. 

26.  PREPARATION  OF  PLASMA.— (A)  Without  Admixture.— Taking 
advantage  of  the  fact  that  plasma,  when  cooled  to  0°  outside  the  body,  does  not 
coagulate  for  a  considerable  time,  Briicke  prepares  the  plasma  thus  :— The  blood  of 
the  horse  (because  it  coagulates  slowly,  and  its  corpuscles  sink  rapidly  to  the  bottom) 
is  received,  as  it  flows  from  an  artery,  into  a  tall  narrow  glass,  placed  in  a  freezing- 
mixture,  and  cooled  to  0°.  The  blood  remains  fluid,  the  coloured  corpuscles 
subside  in  a  few  hours,  while  the  plasma  remains  above  as  a  clear  layer,  which  can 
be  removed  with  a  cooled  pipette.  If  this  plasma  be  then  passed  through  a  cooled 
filter,  it  is  robbed  of  all  its  colourless  corpuscles.  [Burdon-Sanderson  uses  a  vessel 
consisting  of  three  compartments— the  outer  and  inner  contain  ice,  while  the  blood 
IS  caught  in  the  central  compartment,  which  does  not  exceed  half  an  inch  in 
diameter.]  The  quantity  of  plasma  may  be  roughly  (but  only  roughly)  estimated 
by  using  a  tall,  graduated  measuring-glass.    If  the  plasma  be  warmed,  it  soon 
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coagulates  (owing  to  the  formation  of  the  fibrin),  and  passes  into  a  trembling  jelly. 
If,  however,  it  be  beaten  with  a  glass-rod,  the  fibrin  is  obtained  as  a  white  stringy 
mass,  adhering  to  the  rod.  The  quantity  of  fibrin  in  a  given  volume  of  plasma  is 
very  sniaU  (p.  31),_  although  it  varies  much  in  different  cases. 

(B)  With  Admixture.— Blood  flowing  from  an  artery  is  caught  in  a  tall  vessel 
containing  1th  of  its  volume  of  a  concentrated  solution  of  sodic  sulphate  {Hevrnm) 

—or  in  a  25  per  cent,  solution  of  magnesic  sulphate  (1  vol.  to  4  vols,  blood  

Simmer)— ov  1  vol.  blood  with  2  vols,  of  a  4  per  cent,  solution  of  monophosphate 
of  potash  (Masia).  When  the  blood  is  mixed  with  these  fluids  and  put  in  a  cool 
place,  the  corpuscles  subside,  and  the  clear  stratum  of  plasma  mixed  with  the  salts 
may  be  removed  with  a  pipette.  [The  plasma  so  obtained  is  called  "salted 
plasma."]  If  the  salts  be  removed  by  dialysis,  coagulation  occurs  ;  or  it  may  be 
caused  by  the  addition  of  water  {Joh.  iMiiller).  Blood  which  is  mixed  with  a  4  per 
cent,  solution  of  common  salt  does  not  coagulate,  so  that  it  also  may  be  itsed  for 
the  preparation  of  plasma.  [For  frogs'  blood  Johannes  Miiller  used  a  |  per  cent, 
solution  of  cane-sugar,  which  permits  the  corpuscles  to  be  separated  from  the 
plasma  by  filtration.  The  plasma  mixed  with  the  sugar  coagulates  in  a  .short 
time.] 

27.  FIBRIN— COAGULATION  OF  THE  BLOOD.— General  Characters.— 
Filirin  is  that  substance  which,  becoming  solid  in  shed  blood,  in  plasma  and  in 
lymph  causes  coagulation  of  these  fluids.  In  these  fluids,  when  left  to  themselves, 
fibrin  is  formed,  consisting  of  innumerable,  excessively  delicate,  closely-packed, 
microscopic,  doubly  refractive  fibrils  (fig.  7,  E).  These  fibrils  entangle  the  blood- 
corpuscles  as  in  a  spider's  web,  and  form  with  them  a  jelly-like  solid  mass  called 
the  blood-clot  or  placenta  sanguinis.  At  first  the  clot  is  very  soft,  and  after  the 
first  2  to  15  minutes  a  few  fibres  may  be  found  on  its  surface;  these  may  be 
removed  with  a  needle,  while  the  interior  of  the  clot  is  still  fluid.  The  fibres, 
ultimately  extend  throughout  the  entire  mass,  which,  in  this  stage,  has  been  called 
cruor.  After  from  12  to  15  hours  the  fibrin  contracts,  or,  at  least,  shrinks  more 
and  more  closely  round  the  corpuscles,  and  a  fairly  solid,  trembling,  jelly-like  clot, 
which  can  be  cut  with  a  knife,  is  formed.  During  this  time  the  clot  takes  the 
shape  of  the  vessel  in  which  the  blood  coagulates,  and  expresses  from  its  substance 
a  fluid — the  blood-serum.  Fibrin  may  be  obtained  by  washing  away  the  corpuscles 
from  the  clot  with  a  stream  of  water. 

Crusta  Phlogistica. — If  the  corpuscles  subside  very  rapidly,  and  if  the  blood 
coagulates  slowly,  the  upper  stratum  of  the  clot  is  not  red,  but  only  yellowish,  on 
account  of  the  absence  of  coloured  corpuscles.  This  is  regularly  the  case  in  horse's 
blood,  and  in  human  blood  it  is  observed  especially  in  inflammations  ;  hence  this 
layer  has  been  called  crusta  phlogistica.  Such  blood  contains  more  fibrin,  and  so 
coagulates  more  slowly. 

The  crusta  is  formed  under  other  circumstances,  e.g.,  with  increased  sp.  gr.  of  the  corpuscles, 
or  diminished  sp.  gr.  of  the  plasnia  (as  in  hydiiemia  and  chlorosis),  whereby  the  corpuscles  sink 
more  rapidly,  and  also  during  pregnancy.  The  taller  and  narrower  the  glass,  the  thicker  is- 
the  crusta  (compare  §  41).  The  upper  end  of  the  clot,  where  there  are  few  corpuscles,  shrinks 
more,  and  is  therefore  smaller  than  the  rest  of  the  clot.  This  upper,  lighter-coloured  layer  is. 
called  the  "buffy  coat"  ;  but  it  gradually  passes  both  in  size  and  colour  into  tlie  normal  dark- 
coloured  clot.  [Sometimes  the  upper  surface  of  the  clot  is  concave  or  "cupped."  The  older 
physicians  attached  great  importance  to  this  condition,  and  also  to  the  occurrence  of  the  butfy 
coat.] 

Defibrinated  Blood.— If  freshly-shed  blood  be  beaten  or  whipped  with  a  glass 
rod,  or  with  a  bundle  of  twigs,  fibrin  is  deposited  on  the  rod  or  twigs  in  the  form 
of  a  solid,  fibrous,  yellowi.sh-white,  elastic  mass,  and  the  blood  which  remains  is 
called  '•  defibrinated  blood  "  (p.  29).  [The  twigs  and  fibrin  must  be  washed  in  a 
stream  of  water  to  remove  adhering  corpuscles.] 
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Coagulation  of  Plasma. — Plasma  shows  phenomena  exactly  analogous,  save  that 
the  clot  is  not  so  well  marked,  owing  to  the  absence  of  the  resisting  corpuscles ; 
there  is,  however,  always  a  soft  trembling  jelly  formed  when  plasma  coagulates. 
[In  Hewson's  experiment  on  the  blood  of  a  horse  tied  in  a  vein,  he  found  that  the 
plasma  coagulated — fibrin  being  formed,  so  that  he  showed  coagulation  to  be  due  to 
changes  in  the  plasma  itself  (§  29).] 

Properties  of  Pibrin. — Although  the  fibrin  appears  voluminous,  it  only  occurs 
to  the  extent  of  0'2  per  cent.  (O'l  to  0*3  per  cent.)  in  the  blood.  The  amount 
varies  considerably  in  two  samples  of  the  same  blood.  It  is  insoluble  in  water  and 
ether  J  alcohol  shrivels  it  by  extracting  water;  dilute  hydrochloric  acid  (O'l  per 
cent.)  causes  it  to  swell  up  and  become  clear,  and  changes  it  into  syntoniu  or  acid- 
albumin  (§  249,  III.).  When  fresh,  it  has  a  greyish-yellow  fibrous  appearaace,' 
and  is  elastic ;  when  dried,  it  is  horny,  transparent,  brittle,  and  friable. 

When  fresh  it  dissolves  in  6-8  jjer  cent,  solutions  of  sodium  nitrate  or  sulphate,  iu  dilute 
alkalies,  and  iu  ammonia,  thus  forming  alkali-albuminate.  Heat  does  not  coagulate  these 
solutions.  [It  is  also  soluble  in,  or  rather  decomposed  by,  5-10  per  cent,  solutions  of  neutral 
salts,  e.g.,  NaCl,  yielding  two  fibro-globulins  {(Jreen).'\  Hj'dric  peroxide  is  rajjidly  decomposed 
by  fibrin  into  water  and  0  ( TMnarcl).  Fibrin  which  has  been  exposed  to  the  air  for  a  long  time 
is  no  longer  soluble  in  solution  of  potassic  nitrate,  but  in  neurin  {Mmdlmcr).  During  putre- 
faction it  passes  into  solution,  albumin  being  formed.  Fibrin  contains,  entangled  in  it,  ferric 
calcic,  and  magnesic  phosphates,  and  calcium  sulphate  whose  origin  is  unknown. 

Time  for  Coagulation. — ^The  first  appearance  of  a  coagulum  occurs  in  man's  blood  after  3 
minutes  45  seconds,  in  woman's  blood  after  2  niin.  20  sec.  {E.  Nasse).  Age  has  no  efi'ect;  with- 
drawal of  food  accelerates  coagulation  {H.  Vierordt). 

28.  GENERAL  PHENOMENA  OF  COAGULATION.— I.  Blood  in  direct 
contact  with  living  unaltered  blood-vessels  does  not  coagulate.  [Hewson 
(1772)  found  that  when  he  tied  the  jugular  vein  of  a  horse  in  two  places,  and 
excised  it,  the  blood  did  not  coagulate  for  a  long  time.]  Briicke  filled  the  heart 
of  a  tortoise  with  blood  which  had  stood  15  minutes  exposed  to  the  air  at  0°, 
and  kept  it  in  a  moist  chamber  ;  at  0°  C.  the  blood  was  still  uncoagulated  in  the 
contracting  heart  after  eight  days.  Blood  in  a  contracting  frog's  heart  preserved 
under  mercury  does  not  coagulate.  If  the  wall  of  the  vessel  be  altered  by 
pathological  processes  {e.g.,  if  the  intima  becomes  rough  and  uneven,  or  under- 
goes inflammatory  change),  coagulation  is  apt  to  occur  at  these  places.  Blood 
rapidly  coagulates  in  a  dead  heart,  or  in  blood-vessels  (but  not  in  capillaries)  or 
other  canals  {e.g.,  the  ureter).  If  blood  stagnates  in  a  living  vessel,  coagulation 
begins  in  the  central  axis,  because  here  there  is  no  contact  with  the  wall  of  the 
living  blood-vessel. 

II.  Conditions  which  Hinder  or  Delay  Coagulation.— (cf)  The  addition  of 
small  quantities  of  alkalies,  ammonia,  or  concentrated  solutions  of  neutral  salts 
of  the  alkalies  and  eaHhs  (alkaline  chlorides,  sulphates,  phosphates,  nitrates, 
carbonates).  Magnesic  sulphate  acts  most  favourably  in  delaying  coagulation 
(1  vol.  solution  of  28  per  cent,  to  31  vols,  blood  of  the  horse). 

(6)  Precipitation  of  the  fibrino-plastin  by  adding  weak  acidsj  or  CO.,. 

By  the  addition  of  acetic  acid  until  the  reaction  is  acid,  coagulation  is  completely  arrested 
A  large  amount  ot  CO,  delays  it,  hence  venous  blood  coagulates  more  slowly  than  arterial,  and 
tlie  blood  ol  suffocated  persons  remains  fluid  for  the  same  reason.  ■ 

(c)  The  addition  of  egg-albumin,  syrup,  glycerine,  and  much  ivater.  If  un- 
coagulated blood  be  brought  into  contact  with  a  layer  of  already-formed  fibrin, 
coagulation  occurs  later. 

{d)  By  cold  (0°  C.)  coagulation  may  be  delayed  for  one  hour.  If  blood  is  frozen 
at  once,  after  thawing  it  is  still  fluid,  and  then  coagulates  {Hewson).  When  shed 
blood  IS  under  high  i^ressure  it  coagulates  slowly. 

(e)  Blood  of  emliryo-fowls  does  not  coagulate  before  the  twelfth  or  fourteenth  day 
ot  mcubation  {Boll) ;  that  of  the  hepatic  vein  very  slightly  ;  mensinud  blood  shows 


3^ 


(lENERAL  PIIENOiMENA  OF  COAGULATION. 


little  tendency  to  coagulate  when  alkaline  mucua  from  the  vagina  is  mixed  with  it 
If  It  be  rapidly  discharged,  it  coagulates  in  masses.  Foetal  blood  at  the  moment  of 
birth  coagulates  soon. 

(/)  Blood  rick  injibrin  from  inliamed  parts  coagulates  slowly,  but  the  clot  so 
formed  is  firm. 

(y)  [Blood  coagulates  more  slowly  in  a  smooth  than  a  rough  vessel,  and  also  in 
a  shallow  vessel  than  in  a  deep  one.] 

Haemophilia  —A  very  sliglit  scratch  in  some  persons  may  cause  very  free  bleeding  Tliese 
persons  are  called  collotiuinlly  "bleeders,"  and  are  said  to  have  hemophilia  or  tJie  hsemorrhagic 
diathesis.  lu  "  bleeders "  coagulation  seems  not  to  take  place,  owing  to  a  want  of  the 
substances  producmg  hbnn  ;  hence,  in  these  cases,  wounds  of  vessels  are  not  plugged  with 
hbrin.  [A  tendency  to  hemorrhage  occurs  in  scurvy,  purpura,  in  some  infectious  diseases 
such  as  typhus,  plague,  yellow  fever,  and  in  poisoning  with  phosphorus.]  ' 

Injection  of  Peptones. —Albertoni  observed  that  if  tryptic  pancreas  ferment  (dissolved  ia 
glycerine)  be  injected  into  the  blood  of  an  animal,  the  blood  does  not  coagulate.  Schmidt- 
Miilheim  found  that  after  the  injection  of  pure  peptone  into  the  blood  (0-5  gi-am  ])er  kilo.)  of  a 
dog,  the  blood  lost  its  power  of  coagulating.  [This  occurs  in  the  dog,  but  not  in  the  rabbit. 
Peptonised  blood  coagulates  when  it  is  treated  with  C0._,  or  water.  It  appears,  however,  that 
it  is  not  the  ])eptone  which  prevents  the  coagulation,  but  the  albumoses  adhering  to  it  which 
<io  so.]  A  substance  is  formed  in  the  plasma,  which  prevents  coagulation,  but  which  is  pre- 
cipitated by  CO2.  Lymph  behaves  similarly  {Fcuw).  After  peptones  are  injected,  there  is  a 
great  solution  of  leucocytes  in  the  blood  {v.  Savison-Hiinmclstjerna).  The  secretion  of  the 
mouth  of  the  medicinal  leech,  [altliough  its  action  is  not  due  to  a  ferment  {Haycraft)],  and 
snake  poison  also  prevent  coagulation  ( Wall).  [Diastatic  ferment  also  prevents  coagulation 
(Salvioli).] 

III.  Coagulation  is  accelerated— («)  By  contact  with  foreign  Substances 
of  all  kinds,  but  only  when  the  blood  adheres  to  them,  hence,  threads  or  needles 
introduced  into  arteries  are  rapidly  covered  with  fibrin.  Blood  does  not  coagulate 
in  contact  with  bodies  covered  with  fat  or  vaseline  (Freund).  Even  the  introduction 
of  air-bubbles  into  the  circulation  or  the  passage  of  indifferent  gases,  N  or  H, 
through  blood,  accelerates  it.  The  pathologically  altered  wall  of  a  vessel  acts  like 
a  foreign  body.  Blood  shed  from  an  artery  rapidly  coagulates  on  the  walls  of 
vessels,  on  the  surfaces  exposed  freely  to  air,  and  on  the  rods  or  twigs  used  to  beat  it. 

(b)  The  products  of  the  retrogressive  metabolism  of  proteids  (uric  acid,  glycin, 
leucin,  taurin,  kreatin,  sarkin,  but  not  urea)  favour  coagulation  by  increased 
ferment  formation  ;  but  if  they  are  added  in  excess,  they  retard  the  i^rocess. 

From  a  watery  extract  of  the  testis  or  thymus,  on  the  addition  of  acetic  acid,  is  precipitated  a 
substance  which  is  soluble  in  sodic  carbonate.  It  is  a  mixture  of  lecithin  and  albumin,  and 
when  it  is  injected  into  the  blood-stream  it  causes  almost  instantaneous  death  hy  intravascular 

coagulation  (  Wooldridcje). 

(c)  During  rapid  hajmorrhage,  the  last  portions  of  blood  coagulate  most  rapidly 

{Holzmann). 

(d)  Heating  the  blood  from  39°  to  55°  C.  {Heivson). 

(e)  Agitation  of  the  blood  {Heiuson  and  Hunter). 
[(/)  The  addition  of  a  small  quantity  of  water. 

(r/)  A  ivatery  condition  of  the  blood.    The  clot  is  small  and  soft. 
.  (/i)  Contact  with  oxygen.] 

IV.  Eapidity  of  Coagulation. — Amongst  vertebrates,  the  blood  of  birds 
(especially  of  the  pigeon)  coagulates  almost  momentarily  ;  in  cold-blooded  animals 
coagulation  occurs  much  more  slowly,  while  mammals  stand  midway  between  the 
two. 

[The  blood  of  a  fowl  begins  to  coagulate  in  h  to  li  minute ;  pig,  sheep,  rabbit,  in  i  to 
minute  ;  dog,  1  to  3  minutes  ;  horse  and  ox,  5  to  13  minutes  ;  man,  3  to  4  minutes  ;  solidifica- 
tion is  completed  in  9  to  11  minutes  (iVrme).]    The  blood  of  invertebrates,  which  is  usually 
colourless  wlien  it  is  oxidised  (§  32),  forms  a  soft  whitish  clot  of  fibrin.    Eveu  in  lymph  and 
chyle,  a  small  soft  clot  is  formed. 

V.  When  coagulation  occurs,  the  aggregate  condition  of  the  fibrin-factors  is 
altered,  so  that  heat  must  be  set  free  ( Valentin,  184-4). 
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VI.  In  blood  shed  from  an  artery,  the  degree  of  alkalinity  diminishes  from  the 
time  of  its  being  shed  until  coagulation  is  completed  {Pfliiger  and  Zuntz).  This  is 
pi'obably  due  to  a  decomposition  in  the  blood,  whereby  an  acid  is  developed,  which 
diminishes  the  alkalinity  (p.  1). 

VII.  During  coagulation  there  is  a  diminution  of  the  0  in  the  blood,  although 
a  similar  decrease  also  occurs  in  non-coagulated  blood.  Traces  of  ammonia  are  also 
given  olf,  which  Eichardson  erroneously  supposed  to  be  the  cause  of  the  coagulation 
-of  the  blood. 

[This  is  refuted — (1)  by  the  fact  that  blood,  when  collected  under  mercury  (whereby  no  escape 
of  ammonia  is  possible),  also  coagulates  ;  and  (2)  by  the  following  experiment  of  Lister : — He 
idaced  two  ligatures  on  a  vein  coutaiuing  blood,  moistening  one-half  of  the  outer  surface  of  the 
vein  with  ammonia,  leaving  the  other  half  intact.  The  blood  coagulated  in  the  first  half,  and 
not  in  the  other,  owing  to  the  properties  of  the  wall  of  the  vein  of  the  former  being  altered. 
Neither  the  decrease  of  0  nor  the  evolution  of  ammonia  seems  to  have  any  causal  connection 
with  the  formation  of  fibrin.] 

Pathological. — When  the  blood  coagulates  within  the  vessels  during  life,  the  process  is  called 
thrombosis,  and  the  coagulura  or  plug  so  formed  is  termed  a  thrombus.  When  a  clot  of  blood 
or  other  body  is  carried  by  the  blood-stream  to  another  part  of  the  vascular  system  where  it 
blocks  up  a  vessel,  the  plug  is  called  an  embolus,  and  the  result  embolism. 

29.  CAUSE  OF  THE  COAGULATION  OF  BLOOD.— [Hewson's  Experiments  (1772.)— Hew- 
son  tied  the  jugular  vein  of  a  horse  between  two  ligatures,  removed  it,  and  then  suspended  it  by 
one  end  (fig.  21).  He  found  that  the  blood  remained  fluid  for  a  long  time 
(48  hours),  the  red  corpuscles  sank  (RC)  and  left  a  clear  layer  of  plasma 
on  the  surface  (P).  On  drawing  off  some  of  this  clear  plasma  it  coagulated, 
thus  proving  coagulation  to  be  due  to  changes  in  the  plasma.  Lister 
repeated  this  experiment,  and  found  that,  even  if  the  upper  end  of  the 
tube  be  opened  and  the  blood  freely  exposed  to  the  air,  coagulation  is  but 
slightly  hastened.  He  showed  that  the  blood  might  be  poured  from  one 
vein  into  another,  just  as  one  might  pour  fluid  from  one  test-tube  into 
another.  In  this  case  there  were  two  test-tubes,  i.e.,  the  veins — and 
although  the  blood,  on  being  poured  from  the  one  to  the  other,  came  into 
contact  with  the  air,  it  did  not  coagulate.  Hewson,  however,  found  that 
blood  poured  from  the  vein  into  a  glass  vessel  coagulated,  so  that,  in  his 
opinion,  the  blood-vessels  exerted  a  restraining  influence  on  coagulation. 
By  cooUng  the  blood  and  preventing  it  from  coagulating,  he  proved  that 
coagulation  was  not  due  to  the  loss  of  heat.  Nor  could  it  be  a  vital  act, 
as  sodic  sulphate  or  other  neutral  salt  prevented  coagulation  indefinitely, 
but  coagulation  took  place  when  the  blood  was  diluted  with  water.] 

[Buchanan's  Kesearches.- The  serous  sacs  of  the  body  contain  a  fluid  Vein 
which  in  some  respects  closely  resembles  lymph.  The  pericardial  fluid  of 
some  animals  coagulates  spontaneously  {e.g.,  in  the  rabbit,  ox,  horse,  and 
sheep)  if  the  fluid  be  removed  immediately  after  death.  If  this  be  not 
done  till  several  hours  after  death,  the  fluid  does  not  coagulate  spontane- 
ously. The  fluid  of  the  tunica  vaginalis  of  the  testis  sometimes  accumu- 
lates to  a  great  extent,  and  constitutes  hydrocele,  but  this  fluid  shows  no 

tendency  to  coagulate  spontaneously.  Andrew  Buchanan  found,  however,  that  if  to  the  fluid  of 
ascites,  pleuritic  fluid,  or  hydrocele  fluid,  there  be  added  clear  blood-serum,  then  coao-ulation 
takes  place,  I.e.,  two  fluids— neither  of  which  shows  any  tendency  by  itself  to  coagulate— form  a 
clot  when  they  are  mixed  (1831).  He  also  found,  that  if  "  washed  blood-clot"  (which  consists 
ot  a  mixture  of  fibrin  and  colourless  corpuscles)  be  added  to  hydrocele  fluid,  coagulation  occurred 
He  compared  the  action  of  washed  blood-clot  to  the  action  of  rennet  in  coa^ulatino-  milk  and 
Jie  imagined  the  agents  which  determined  the  coagulation  to  be  colourless  corpuscles  °  Thus  the 
butty  coat  of  horses'  blood  is  a  powerful  agent,  and  it  contains  numerous  colourless  corpuscles. 
TT^  1  AJ:"-  ,1"^®'^  ^"""'^  constituent  in  the  plasma,  to  which  he  gave  the  name  of  a 
soluble  fibrin  13  actea  upon  by  the  colourless  corpuscles  and  converted  into  fibrin  The 
soluble  fabrm  ot  Buchanan  is  comparable  to  the  fibrinogen  in  Hammarsten's  theory.  Buchanan 
however,  did  not  separate  the  substance.]  ^  ojuuuauau, 

,nKl'l  ^/^™„(1859).-Denis  mixed  uncoagulated  blood  with  a  saturated  solution  of 
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Fig.  21. 
of  horse  tied 
between  two  liga- 
tures. P,  plasma  ; 
Ave,  white,  and 
EC,  red  cor- 
puscles. 


chloride,  he  called  plasmine. 


The  precipitate,  when  washed  with  a  saturated  solution  of  sodic 
rpc,„ih-n„     ti,„  f  -  rx  ■  Pl''^™;"^  be  mixed  with  water,  it  coagulates  spontaneously, 

he  ISn?  D  lo^ft.'O'i.of  fibrin,  w liile  another  proteid  remains  in  solution.  According  to 
anra  soli^lfjrotdd  r"     ^''"'-^''''^  ''^^  °f  Vl^^minc  into  .two  bodies-fibr 
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THE  FIBEIN-FACTOBS. 


[A.  Schmidt's  Reeearclies  (18G1).— This  observer  rediscovered  the  chief  facts  ah'eady  kiiowu 
to  liuch  uiuui,  viz.,  thut  some  fluids  wliich  do  not  consulate  s[)Oiitaueouslyj  clot  when  mixed 
with  other  Jhiids  which  show  no  teiuk'iic.y  to  eoagiilate  siioutaneously,  aj.,  liydrocele  fluid  and 
blood-serum.  He  isolated  from  these  fluids  the  bodies  described  as  fibrinogen  and  fibrino- 
plaslin.  Tho  bodies  so  obtained  were  not  pure,  but  Schmidt  suppo.sed  that  ?lie  formation  of 
hbrin  was  duo  to  the  interaction  of  these  two  proteids.  The  reason  liydrocele  fluid  does  not 
eoiigulate,  lie  says,  is  that  it  contains  itbrinogeu  and  no  fibrino-plastin,  while  blood-serum  con- 
tains the  latter,  but  not  the  former.  Schmidt  afterwards  discovered  that  these  two  suljstances 
mi>y  be  present  in  a  fluid,  and  yet  coagulation  may  not  occur  {c.ij.,  occasionally  in  hydrocele 
fluid).  He  .su])poscd,  therefore,  that  blood  or  blood-serum  contained  some  other  constituent 
necessary  for  coagulation.  This  he  afterwards  isolated  in  an  impure  condition  and  called 
Jibrin-fcrmcHt.'\ 

A.  Schmidt's  theory  is  that  fibrin  is  formed  by  the  coming  tcether  of  tv:o 
proteid  substcmces  which  occur  dissolved  in  the  plasma,  viz.: — (1)  fibrinogen. 
i.e.,  the  substance  which  yields  the  chief  mass  of  the  iibrin,  and  (2)  fibrino-plastic 
substance  or  fibrino-plastin  (serum-globulin  or  paraglobulin,  §  32).  In  order  to 
determine  the  coagulation  a  ferment  seems  to  be  necessary,  and  this  is  supplied  by 
(3)  the  fibrin-ferment. 

1.  Properties. — Fibrinogen  and  fibrino-plastin  belong  to  the  group  of  proteids 
called  globulins,  i.e.,  they  are  insoluble  in  pure  water,  but  are  soluble  in  dilute 
solutions  of  common  salt  249),  and  are  not  distinguished  from  each  other  by  well- 
marked  chemical  characters.    Still  they  differ  as  follows  : — 

Pibrino-plastin  is  more  easily  precipitated  from  its  solutions  than  fibrinogen. 
It  is  more  readily  redissolved  when  once  it  is  precipitated.  It  forms  when  pre- 
cipitated a  very  light  granular  powder. 

Eibrinogen  adheres  as  a  sticky  deposit  to  the  side  of  the  vessel.  It  coagulates 
at  56°  C. 

On  account  of  their  great  similarity,  both  substances  are  not  usually  prepared 
from  blood-plasma.  Fibrinogen  is  prepared  from  serous  transudations  (pericardial, 
abdominal,  or  pleuritic  fluid,  or  the  fluid  of  hydrocele),  which  contain  no  fibrino- 
plastin.  Fibrino-pkisiin  is  most  readily  prepared  from  serum,  in  which  there  is  still 
plenty  of  fibrino-plastin,  but  no  fibrinogen. 

2.  Preparation  of  Fibrino-plastin,  Serum-globulin,  or  Paraglobulin. — («) 
Dilute  blood-serum  with  twelve  times  its  volume  of  ice-cold  water,  and  almost 
neutralise  it  with  acetic  acid  [add  4  drops  of  a  25  per  cent,  solution  of  acetic  acid 
to  every  120  c.c.  of  diluted  serum] ;  or  (b)  pass  a  stream  of  carbon  dioxide  through 
the  diluted  serum,  which  soon  becomes  turbid  ;  after  a  time  a  fine  white  powder, 
copious  and  granular,  is  precipitated. 

[(c)  Method  of  Hammarsten. — All  the  fibrino-plastin  in  serum  is  not  precipitated 
either  by  adding  acetic  acid  or  by  COo.  Hammarsten  found,  however,  that  if 
crystals  of  magnesium  sulphate  be  added  to  complete  saturation,  it  precipitates  the 
whole  of  the  serum-globulin,  but  does  not  precipitate  serum-albumin;  serum-globulin 
is  more  abundant  than  serum-albumin  in  the  serum  of  the  ox  and  horse,  while 
in  man  and  the  rabbit  the  reverse  obtains  ;  (compare  §  32).] 

Schmidt  found  that  100  c.c.  of  the  serum  of  ox  blood  yielded  07  to  O'S  grm. ;  horee's 
serum,  0'3  to  0'56  grm.  of  dry  fibrino-plastin.  Fibrino-plastin  occurs  not  only  in  serum,  but 
also  in  red  blood-corpuscles,  in  the  fluids  of  connecti^'e-tissue,  and  in  the  juices  of  the  cornea. 

3.  Preparation  of  Fibrinogen. — This  is  best  prepared  from  hydrocele  fluid, 

although  it  may  also  be  obtained  from  the  fluids  of  serous  cavities,  e.g.,  the  pleura, 
pericardium,  or  peritoneum.  It  does  not  exist  in  blood-serum,  although  it  doe.-; 
exist  in  blood-plasma,  lymph,  and  chyle,  from  which  it  may  be  obtained  by  a 
stream  of  COo,  after  the  paraglobulin  is  precipitated,  (a)  Dilute  hydrocele  fluid 
with  ten  to  fifteen  times  its  volume  of  water,  and  pass  a  stream  of  CO^  through  it 
for  a  long  time,  {b)  Add  powdered  common  salt  to  saturation  to  a  serous  trans- 
udation, when  a  sticky  glutinous  (not  very  abundant)  precipitate  of  fibrinogen  is 
obtained. 
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[Hammarsten  and  Eiclnvnld  find  that,  although  paraglobuliu  and  fibiiiiogen  are  soluble  in 
solutions  of  common  salt  (containing  5  to  8  per  cent,  of  the  salt),  a  salin(!  solution  of  12  to  US 
per  cent,  is  required  to  precipitate  tlio  fibrinogen,  leaving  still  in  solution  para'dobuliu 
which  is  not  precipitated  until  the  amount  of  salt  exceeds  20  per  cent.]  °  ' 

Properties  of  the  Fibrin-Factors. — They  are  insoluble  in  pure  water,  but 
dissolve  in  water  containing  O  in  solution.  Both  are  soluble  in  very  dilute  alkalies, 
e.f/.,  caustic  soda,  and  are  preciijitated  from  this  solution  by'  CO.,.  Tliey  are  soluble 
in  dilute  common  salt — like  all  globulins — but  if  a  certain  amount  of  common 
salt  be  added  in  excess,  they  are  precipitated.  Very  dilute  hydrochloric  acid 
dissolves  them,  but  after  several  hours  they  become  changed  into  a  body  resembling 
syntonin  or  acid-albumin  (§  2i9,  III.).  Fibrinogen  held  in  solution  by  common 
salt  coagulates  at  52°  to  55°  C.  [Fredericq  finds  that  fibrinogen  exists  as  such  in 
the  plasma ;  it  coagulates  at  56°  C,  and  the  plasma  thereafter  is  uncoagulable  1 
_  4.  Preparation  of  the  Fibrin-Ferment— (a)  Mix  blood-serum  (ox)  with  twenty 
times  its  volume  of  strong  alcohol,  and  after  one  month  filter  off  the  deposit 
thereby  produced.  The  deposit  on  the  filter  consists  of  coagulated  insoluble 
albumin  and  the  ferment ;  dry  it  carefully  over  sulphuric  acid,  and  reduce  to  a 
powder.  Triturate  1  gram  of  the  powder  with  65  c.c.  of  water  for  ten 
minutes,  and  filter.  The  ferment  is  dissolved  by  the  water,  and  passes  throuc^h 
the  filter,  while  the  coagulated  albumin  remains  behind  {Schmidt).  ° 

lib)  Gamgee's  Method. —Buchanan's  "washed  blood-clot "  (p.  33)  is  digested  in  an  8  percent 
solution  of  common  salt.  The  solution  so  obtained  possesses  in  an  intense  degree  the  nronerties 
of  Schmidt  s  fibrin-ferment.]  ^   ^  . 

In  the  preparation  of  tibrino-plastin,  the  ferment  is  carried  down  with  it  mechanically  Tlie 
ferment  seems  to  be  formed  first  in  fluids  outside  the  body,  very  probably  by  the  solution  of 
the  colourless  corpuscles.  More  ferment  is  formed  in  the  blood  the  longer  the  interval  between 
its  being  shed  and  its  coagulation.  It  is  destroyed  at  70°  C.  Blood  flowing  directly  from  an 
artery  into  alcohol  contains  no  ferment  It  is  also  formed  in  other  protoplasmic  parts 
[iMuschcnbach)  e.g.,  in  dead  muscle,  brain,  suprarenal  capsule,  spermatozoa,  testicle  (Foa  and 
miacani),  and  in  vegetable  micro-oi-ganisms  [e.g.,  yeast]  and  protozoa  {Grolvinann),  [so  that  it 
would  seem  to  be  a  general  product  of  protoplasm.  As  the  ferment  does  not  pre-exist  in 
colourless  blood-corpuscles,  it  seems  to  be  formed  from  some  mother-substance  in  them  the 
blood-plasma  itself  decomposing  this  substance].  ' 

Coagulation  Experiments.— According  to  A.  Schmidt,  if  pure  solutions  of  (1) 
fibrinogen,  (2)  fibrmo-plastin,  and  (3)  fibrin-ferment  be  mixed,  fibrin  is  formed 
ihe  process  goes  on  best  at  the  temperature  of  the  body  ;  it  is  delayed  at  0°  •  and 
the  ferment  is  destroyed  at  the  boiling-point.  The  presence  of  O  seems  necessary 
tor  coagulation.  The  amount  of  the  ferment  appears  to  be  immaterial  •  laro-e 
quantities  produce  more  rapid  coagulation,  but  the  amount  of  fibrin  formed  is  not 
greater. 

teSr  n^l  fi^i  tl^'it  a  filtered  watery  extract  of  fresh  brain,  capsule  of  the  kidneys, 

testes  and  sonie  other  tissues,  when  injected  into  the  blood-vessels  of  a  rabbit  causes 
InHn^  f  ,  .  °/  ^'l*"  Hmoiiary  circulation  and  the  heart,  death  being  caused  by  the 
action  of  a  substance  identical  with  the  librin-ferment.]  usuu  uic 

f  °^  ^^1*5  present  has  a  remarkable  relation  to  coagulation.  Solutions 

ot  the  fibrin-factors  deprived  of  salts,  and  redissolved  in  very  dilute  caustic  soda, 
wlien  mixed,  do  not  coagulate  until  sufiScient  NaCl  be  added  to  make  a  1  per  cent 
solution  of  this  salt  {Schmidt).    [Green  finds  that  calcium  sulphate  brings  about 
coagulation  in  plasma  which  shows  little  or  no  tendency  to  clot,  while  coagulation 
in  Its  absence  is  almost  or  quite  prevented.] 

When  blood  or  blood-plasma  coagulates,  all  the  fibrinogen  is  used  up,  so  that  the 
serum  contains  only  fibrino-plastin  and  fibrin-ferment ;  hence,  the  addition  of 
Hydrocele  fluid  (which  contains  fibrinogen)  to  serum  causes  coagulation. 

[Hammarsten  s  Theory.— Hammarsten's  researches  led  him  to  believe  that 
hbrmo-plastm  is  quite  unnecessary  for  coagulation.    According  to  him,  fibrin  is 
orraed  from  one  body.  Viz.,  fihrinoc/en,  which  is  present  in  plasma  when  it  is  acted 
upon  by  the  Jibnn-jennmt  ■  the  latter,  however,  has  not  been  obtained  in  a  pure 
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state.  Neither  he  nor  Schmidt  asserts  that  this  body  is  of  the  nature  of  a  ferment, 
although  they  use  the  term  for  convenience.  It  is  quite  certain  that  fibrin  may  be 
formed  when  no  fibrino-plastin  is  present,  coagulation  being  caused  by  the  addition 
of  calcic  chloride  or  casein  pre^jared  in  a  special  way.  But,  whether  oiui  or  two 
proteids  be  required,  in  all  cases  it  is  clear  that  a  certain  quantity  of  salts, 
especially  of  NaCl,  is  necessary.] 

[The  main  drift  of  the  foregoing  evidence  points  to  the  presence  of  one  proteid 
— fibrinogen — in  the  plasma,  which  under  certain  circumstances  yields  fibrin.  In 
.shed  blood  this  act  seems  to  be  determined  by  a  ferment,  perhaps  derived  from  the 
disintegration  of  colourless  corpuscles.] 

[Theory  of  Wooldridge. — WooldriJge  attributes  great  imyjortauce  to  lecithin.  In  shed 
blood  the  coar;ulatiou  is  brought  about  by  the  interaction  of  the  jjlastna  and  the  colourless 
corpuscles.  If  lecithin  (which  is  present  in  considerable  amount  in  the  colourless  corpuscles) 
ditluses  into  the  blood,  coagulatiou  takes  place.  Wheu  peptone  is  injected  into  the  blood  of 
the  dog,  the  blood  does  not  clot ;  this  is  due,  according  to  Wooldridge,  to  the  peptone 
"  preventing  the  interaction  of  leucocytes  and  plasma."  If,  however,  the  corpuscular  elements 
are  removed  by  the  centrifugal  machine,  the  peptone-plasma  can  be  made  to  clot.  He  also 
believes  that  fibrin-ferment  does  not  pre-exist  in  normal  plasma,  but  that  "it  may  make  its 
appearance  in  that  plasma  in  the  absence  of  all  cellular  elements,  and  must  therefore  come 
from  some  constituent  or  constituents  of  the  plasma  itself"] 

30.  SOURCE  OF  THE  FIBRIN-FACTORS. —Al.  Schmidt  maintains  that  all 
the  three  substances  out  of  which  fibrin  is  said  to  be  formed,  arise  from  the  break- 
ing up  of  colourless  blood-corpuscles.  In  the  blood  of  man  and  mammals,  fibrinogen 
exists  dissolved  in  the  circulating  blood  as  a  dissolution-product  of  the  retrogressive 
changes  of  the  white  corjjuscles.  Plasma  contains  dissolved  fibrinogen  and  serum- 
albumin.  The  circulating  blood  is  very  rich  in  colourless  blood-corpuscles,  much 
richer,  indeed,  than  was  formerly  supposed.  As  soon  as  blood  is  shed  from  an 
artery,  enormous  numbers  of  the  colourless  corpuscles  are  dissolved^ — according  to 
Al.  Schmidt  71-7  per  cent,  (horse).  First  the  body  of  the  cell  disappears,  and 
then  the  nucleus.  The  products  of  their  dissolution  are  dissolved  in  th6  plasma, 
and  one  of  these  products  is  fibrmo-j^lastin.  At  the  same  time  the  fibrin-ferment 
is  also  produced,  so  that  it  would  seem  not  to  exist  in  the  intact  blood-corpuscles. 
Fibrino-plastin  and  fibrin-ferment  are  also  produced  by  the  transition  forms  "  of 
blood-corpuscles,  i.e.,  those  forms  which  are  intermediate  between  the  red  and  the 
white  corpuscles.  They  seem  to  break  up  immediately  after  blood  is  shed.  The 
hlood-plates  (p.  16)  are  also  probably  sources  of  these  substances. 

In  amphibians  and  birds  the  red  nucleated  corpuscles  rapidly  break  up  after  blood  is  shed, 
and  yield  the  substance  or  substances  which  form  fibrin.  Al.  Schmidt  convinced  himself  that 
in  these  animals  fibrinogen  is  originally  a  constituent  of  tne  blood-corpuscles. 

It  is  clear,  therefore,  according  to  Schmidt's  view,  that  as  soon  as  the  blood- 
eorpuscles,  white  or  red,  are  dissolved,  the  fibrin-factors  pass  into  solution,  and  the 
formation  of  fibrin  by  the  interaction  of  the  three  substances  will  ensue. 

If  a  large  number  of  leucocytes  be  introduced  into  the  circulation  of  an  animal, 
the  leucocytes  are  dissolved  in  great  numbers  in  the  blood,  so  that  death  takes 
place  by  diffuse  coagulation.  Should  the  animal  survive  the  immediate  danger  of 
death,  the  blood,  owing  to  the  want  of  leucocytes,  is  completely  incapable  of 
coagulating  {Groth). 

[And.  Buchanan  thought  that  the  potential  element  of  his  "washed  blood -clot "  resided  in 
the  colourless  corjmscles,  "primary  cells  or  vesicles."  He,  like  Schmidt,  found  that  the 
bufly  coat  of  horses'  blood,  which  is  very  rich  in  white  corpuscles,  produced  coagulation  rapidly. 
Buchanan  compared  the  action  of  his  washed  clot  to  that  of  rennet  in  coagulating  milk.]  _ 

Pathological— Al.  Schmidt  and  his  pui)ils  have  shown  that  some  ferment,  probably  derived 
from  the  dissolution  of  colourless  corpuscles,  is  found  in  circulating  blood,  and  tliat  it  is  more 
abundant  in  venous  than  in  arterial  blood,  while  it  is  most  abundant  in  shed  blood.  It  is 
specially  remarkable  that  in  sc2)lic  fever  tlic  amount  of  ferment  in  blood  may  increase  to  such 
an  extent  as  to  permit  the  occurrence  of  spontaneous  coagulation  (thrombosis),  which  may  even 
produce  death  {Am.  Kohlcr).    In  febrile  cases  generally,  the  amount  of  ferment  is  somewhat 
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more  abundant  {Eddberg  and  Birk).  After  the  injection  of  iclior  into  tlio  blood  an  enormous 
number  of  colourless  corpuscles  are  dissolved  (F.  Hoffnmmi).  The  injection  of  peptone  Hb 
and  to  a  less  degree  of  distilled  water,  is  followed  by  dissolution  of  numerous  leucocytes.  '  ' 
There  are  changes  in  the  blood,  constituting  true  blood  diseases,  in  which  the  physi'oloo-ical 
metabolism  of  the  colourless  corpuscles  is  enormously  increased,  so  that  the  metabolic  protfuc'ts 
accumulate  in  the  blood  {Alex.  Hchmidt).  The  result  of  this  is  spontaneous  coagulation  within 
the  circulatory  system,  and  death  even  may  occur ;  there  is  always  an  increase  of  tempera- 
ture.   After  such  a  condition,  the  coagulability  of  the  blood  is  diminished. 

31.  Formation  of  Fibrin.— After  several  observers  had  shown  that  the  red  blood-corpuscles 
(bird,  horse,  frog)  participate  in  the  production  of  fibrin.  Landois  observed,  in  1874,  under  the 
microscope  that  the  stromata  of  the  red  blood-corpuscles  of  mammals  passed  into  fibrin.  If  a 
drop  of  defibrinated  rabbit's  blood  be  placed  in  serum  of  frog's  blood,  without  mixin''  them  the 
red  corpuscles  can  be  seen  collecting  together  ;  their  surfaces  are  sticky,  and  they  can  only  be 
separated  by  a  certam  pressure  on  the  cover-glass,  whereby  some  of  the  now  spherical  corpuscles 
are  drawn  out  into  threads.  The  corpuscles  soon  become  spherical,  and  those  at  the  margin 
allow  the  hajmoglobin  to  escape,  the  decolorisation  progresses,  from  the  margin  inwards  until 
at  last  there  remam  masses  of  stroma  adhering  together.  The  stroma-substance  is  very  sticky 
but  soon  the  cell-contours  disappear,  and  the  stromata  adhere  and  form  fine  fibres-  Thus 
(according  to  Landois)  the  formation  of  fibrin  from  red  blood-corpuscles  can  be  traced  step 
by  step.  The  red  corpuscles  of  man  and  animals,  when  dissolved  in  the  serum  of  other 
animals,  show  much  the  same  phenomena. 

Stroma-Fibrin  and  Plasma-Fibrin. -Landois  calls  fibrin  formed  direct  from  stroma,  siroma- 
fiOnn;  fibrin  tormed  m  the  usual  way  plasvia-fibrin.  The  stroma-fibrin  is  closely  related 
chemically  to  stroma  itself ;  as  yet,  however,  the  two  kinds  of  fibrin  have  not  been  sharply  dis- 
tinguished chemically.  Substances  which  rapidly  dissolve  red  corpuscles  cause  extensive  coat/ul- 
ation,_  e.g.  injection  of  bile  or  bile  salts,  or  lake-coloured  blood,  into  arteries.  After  "the 
injection  of  foreign  blood  the  newly-injected  blood  often  breaks  up  in  the  blood-vessels  of  the 
recipient,  while  the  finer  vessels  are  frequently  found  plugged  with  small  thrombi  (§  102). 

Coagulable  Fluids.— With  regard  to  coagulability,  fluids  containing  proteids 
may  be  classified  thus  : — 

(1)  Those  that  coagulate  sioontancously ,  i.i;.,  blood,  lymph,  chyle 

(2)  Those  cft^aifc  of  coagulating,  e.g.,  fluids  secreted  pathologically  in  serous  cavities;  for 
example,  hydrocele  fluid,  which,  as  usually  containing  fibrinogen  only,  does  not  coagulate 
spontaneously  but  it  coagulates  on  the  addition  of  fibrino-plastin  and  ferment  (or  of  blood- 
serum  m  which  both  occur).  ^ 

fibSio'^er^  ^^^''^^  '^^^       ''"^'^'l^''^^''^'''        "^^^^^      seminal  fluid,  which  do  not  seem  to  contain 
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occur,  to  the  amount  of  8  to  10  per  cent,  in  the  plasma.  Only  0'2  per  cent  of 
these  go  to  form  fibrin.  After  the  formation 'of  the  fibrin  the  plasma  is  converted 
into  serum  The  sp.  gr.  of  human  serum  is  1027  to  1029.  It  contains  several 
proteids.  [According  to  Hammarsten,  Jmman  serum  contains  9-207  per  cent  of 
1  7^^  f  t'  ^'^^'^  ^  serum-globulin,  and  4-516  =  serum-albumin,  i.e.,  in  the  ratio 
ot  i  :  1-.511.  In  horse-serum  the  proportion  is  4-5  :  2-6,  in  ox-serum  4-16  •  3-29 
and  rabbit-serum  6-22  :  1-78.  The  total  amount  of  proteids  in  blood  seems  to  be 
mucii  more  constant  than  are  the  relative  proportions  of  serum-albumin  and  serum- 
globulin  (Salmoli).] 

(a)  Serum-globunn  or  Paraglobulin  (2  to  4  per  cent.).  If  crystals  of 
magnesium  sulphate  be  added  to  saturation  to  serum  at  35°  C,  serum- globulin  is 
precipitated,  but  not  serutn-albumin.  It  is  soluble  in  10  per  cent,  solution  of 
common  salt,  and  coagulates  at  69-75°  C.    Its  specific  rotatory  power  is -47-8° 

yJ^rmaricq).  ^ 

ScSir a^°- fii,•n?^      ^^^^^  ^'^^  °f  "serum-casein";  by  AI. 

the"  obJiltn  in™  "fl?  substance";  and  by  Kiihne,  as  " paraglobulin."]  During h^ger 
lue  globulin  increases  and  the  albumin  diminishes.  i=  & 

Jh)  Serum-albumin  (3-4  per  cent.).  Its  solutions  begin  to  be  turbid  at  60°  C, 
and  coagulation  occurs  at  73°  C,  the  fluid  becoming  slightly  more  alkaline  at  the 
same  time.  If  sodium  chloride  be  cautiously  added  to  serum,  the  coagulatinLr 
temperature  may  be  lowered  to  50°  C.    Its  specific  rotatory  power  is  from  -  62-6 
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to  64-5°  (StarJce).  It  is  changed  into  syntonin  or  acid-albumin  by  the  action  of 
dilute  HCl,  and  by  dilute  alkalies  into  alkali-albuminate. 

Scrum-nlbumiu  is  absent  from  tlio  blood  of  starving  snakes;  and  reappears  after  they  are 

fed  (Ticgd). 

[Serum-Albumin  v.  Egg-Albumin.— Although  serum-albumin  is  closely  related  to  egg- 
albumin  they  diller— (((.)  as  regards  tlieir  action  upon  polarised  liglit ;  (i)  the  precipitate  pro- 
duced by  adding  HC'l  or  HNO3  is  readily  soluble  in  4  c.c.  of  the  reagent  in  tlie  case  of  serum- 
albumin,  while  the  precipitate  in  egg-albumin  is  dissolved  witli  very  great  difiiculty  ;  (c)  egg- 
albumin,  injected  into  the  veins,  is  excreted  in  the  urine  as  a  foreign  body,  while  serum-albumin 
is  not ;  {(I)  serum-albumin  is  not  coagulated  by  ether,  while  egg-album'in  is,  if  the  solution  is 
not  alkaline  (§  249).  Serum-albumiu  has  never  been  obtained  free  from  salts,  even  when  it  is 
<lialysed  for  a  very  long  time.] 

After  all  the  serum-globulin  in  serum  is  precipitated  by  magnesium  sulphate,  serum-albumin 
.still  remains  in  solution.  If  this  solution  be  heated  to  40  or  50°  C.  a  copious  i)recipitate  of 
non-coagulated  serum-albumin  is  obtained,  which  is  soluble  in  water.  If  the  serum-albuniin  be 
fdtered  from  the  fluid,  and  if  the  clear  fluid  he  heated  to  over  60°  C,  Fredt'ric(i  found  that  it 
becomes  turbid  from  the  precipitation  of  other  proteids ;  the  amount  of  these  other  bodies, 
liowevor,  is  small. 

[Proteids  of  the  Serum. — Halliburton  has  shown  by  the  method  of  "fractional 
heat-coagulation"  (i.e.,  ascertaining  the  temperature  at  which  a  proteid  is 
coagulated,  filtering  the  fluid  and  again  heating  the  filtrate  to  a  higher  temperature), 
that  from  the  same  fluid  perhaps  two  or  more  proteids,  all  with  different  tempera- 
tures of  coagulation,  may  be  obtained.  Care  must  be  taken  to  keep  the  reaction 
constant.  He  finds  that  serum-globulin  coagulates  at  75°  C,  while  serum-albumin 
in  reality  consists  of  three  proteids,  which  coagulate  at  different  temperatures ;  (a) 
at  73',  (^)  at  77°,  and  (y)  at  84°  C] 

[Precipitation  by  Salts. — Sulphate  of  magnesia  not  only  precijiitates  serum-globulin  but  also 
fibrinogen.  The  fluid  must  be  shaken  for  several  houi's  to  get  complete  saturation.  Sodic 
sulphate,  when  added  to  serum  deprived  of  its  globulin  by  MgS04,  precipitates  serum-albumin, 
but  it  produces  no  precipitate  with  pure  serum.  In  this  way  serum-albumin  may  be  obtained 
in  a  pure,  uncoagulated,  and  still  soluble  condition.  Serum-globulin  is  thrown  do^vn  by  sodic 
nitrate,  acetate,  or  carbonate  ;  while  all  the  proteids  of  the  serum  are  precipitated  by  potassic 
acetate  or  phosphate,  and  the  same  I'esult  is  brought  about  by  adding  two  salts,  c.cf.,  ilgSO^ 
and  ]Sra.,S04  (in  this  case  sodio-magncsic  sulphate  is  formed);  MgS04  and  NaNOj ;  JIgS04  and 
KI  ;  NaCl  and  ]Sra2S04.  After  serum-globulin  is  thrown  down  by  MgSO^,  the  addition  of 
MgS04  and  Na^.SOj'or  the  double-salt,  precipitates  the  serum-albumin,  which  is  still  soluble  in 
water.  As  sulphate  of  ammonia  iu-ecii)itates  all  the  proteids  e.xcept  peptones,  it  may  be  used 
{HccUihmion}.] 

[The  plasma  of  Invertehrata  (decapod  crustaceans,  some  gasteropods,  cephalopods,  &c. )  clots 
like  vertebrate  blood,  and  contains  fibrinogen,  but,  in  addition,  there  is  found  in  it  a  substance 
corresponding  to  hiemoglobin,  and  called  by  Fredericq,  hsemocyanin.  It  exists  like  Hb  in  two 
conditions,  one  reduced  and  the  other  oxy-ha?mocyanin,  the  former  being  colourless,  the  latter 
blue.  In  its  general  characters  it  resembles  Hb,'  although  it  contains  cop2}cr  instead  of  iron, 
and  gives  no  absorption-bands  {Hallihurton).  In  the  blood  of  some  decapod  crustaceans  there 
is  a  reddish  pigment,  tetroneiythrin,  which  is  identical  with  that  in  the  e.xbskeletou  and 
hypoderm.  It  belongs  to  the  group  of  lipochromes,  like  some  of  the  pigments  of  the  retina. 
The  hfemocyanin  is  respiratory  in  function,  and  it  is  remarkable  that  it  is  contained  in  the 
]ilasma,  and  not  in  the  formed  elements  like  the  Hb  of  vertebrates.  So  that,  stated  broadly, 
in  tliesc  invertebrates  the  plasma  is  both  nutritive  and  respiratory  in  its  functions,  while  in 
vertebrates  the  red  corpuscles  chiefly  arc  rcs]>iratory  and  the  plasma  nutritive] 

II.  Fats  (0-1  to  0-2  per  cent.).— Neutral  fats  (tristearin,  tripalmitin,  triolein) 
occur  in  the  blood  in  the  form  of  small  microscopic  granules,  which,  after  a  meal 
rich  in  fat  (or  milk)  render  the  serum  quite  milky. 

[The  amount  of  fat  in  the  serum  of  fasting  animals  is  about  0-2  per  cent. ;  during  digestion 
0-4  to  0-6  per  cent. ;  and  in  dogs  fed  on  a  diet  rich  in  fat  it  may  be  1  -25  per  cent.  There  arc 
also  minute  traces  of  fatly  adds  (succinic).  Riihrig  showed  that  soluble  soaps,  i.e.,  alkaline 
salts, of  the  fatty  acids",  cannot  exist  in  the  blood.  Cholesterin  may  be  considcrcd  along  with 
the  fats.  It  occurs  in  considerable  amount  in  nerve-tissues,  and,  like  fats,  is  extracted  by  ether 
fioni  the  dry  residue  of  blood-serum.  Hoppe-Soyler  found  D'OIO  to  0-314  percent,  in  the  serum 
of  the  blood  of  fattened  geese.  There  is  no  fat  in  the  red  blood-corpuscles.  Lecithin  (its  de- 
compositi6ii -products,  glycerin-i^hosphoric  acid  and  protngon)  occur  in  scrum  and  also  in  the 
hlood-corpuscles.] 
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III.  Traces  of  Grape-Sugar  [O-l  to  0'15  per  cent,  (more  in  the  hepatic  vein, 
■0'23  per  cent.)]  derived  from  the  liver  and  muscles,  and  increased  after  hfemorrhage 
(§  175)  ;  some  glycogen,  and  another  reducing  fermentative  substance  also 
increased  by  hiemorrhage. 

The  amount  of  grape-siig.ar  in  the  blood  increases  witli  the  absorption  of  sugar  from  the 
intestine,  and  this  increase  is  most  obvions  in  tlie  blood  of  the  portal  and  hepatic  veins  ;  there 
is  also  a  slight  increase  in  the  arterial  blood,  but  there  it  is  rapidly  changed.  The  presence  of 
sugar  is  ascertained  by  coagulating  blood  by  boiling  it  with  sodium  sulphate,  pressing  out  the 
iluid  and  testing  it  for  sugar  with  Fehling's  solution  {CI.  Bernard).  Pavy  coagulates  the  blood 
with  alcohol. 

IV.  Extractives. — Kreatin,  urea  (0-016  per  cent.,  increased  after  nitrogenous 
food),  succinic  acid,  and  uric  acid  (more  abundant  in  gouty  conditions),  guanin  (?), 
<:arbamic  acid,  sarcolactic  acid  ;  all  occur  in  very  small  amounts. 

V.  Salts  (0-85  per  cent.),  especially  sodic  chloride  (0-5  per  cent.)  and  sodic 
ixirhonate.  [It  is  most  important  to  note  that  the  soda  salts  are  far  more  abundant 
in  the  serum  than  the  potassium  salts.  The  ratio  may  be  as  high  as  10  :  1.] 
Animal  diet  increases  the  amount  of  salts,  vegetable  food  diminishes  it  tempo- 
rarily. 

Salts  in  human  blood-serum  {Hoppc-SeyUr). 


Sodic  Chloride, .       .       4-92  per  1000 
,,    Sulphate,        ,  0"44 
,,    Carbonate,      .       0'21       ,,  . 


Sodic  Phosphate,      .       0-15  per  1000 
Calcic  Phosphate,     .     I  n  ■"q 
Magnesic     ,,  .     |  "''^  )> 


If  large  quantities  of  salts  are  introduced  into  the  blood,  they  almost  entirely  disappear  from 
the  blood-stream  within  a  few  minutes,  chiefly  by  diff'usion  into  "the  tissues.  They  are  gradually 
eliminated  by  the  kidneys.    The  same  is  true  of  sugar  and  peptones  (Lucliuig  mul  Klicoivics). 

VI.  Water  about  90  per  cent. 

VII.  A  yellow-  pigment. 

The  pigment  may  be  extracted  with  methylic  alcohol.  It  shows  two  absorption-bands  of  a 
lipochrome  like  lutein  [Krukenberg).  Thudichum  regards  the  pigment  of  the  serum  as  lutein  ; 
Maly,  as  hj'drobilirubin  _:  and  MacMunn  as  choletelim 

33.  THE  GASES  OF  THE  BLOOD. —Absorptioii  by  SoM  Bodies.— A  considerable  attraction 
exists  between  the  particles  of  solid  porous  bodies  and  gases,  whereby  the  latter  are  attracted  and 
condensed  within  the  pores  of  solid  bodies,  i.e.,  the  gases  are  ahsorhed.  Thus,  1  volume  of 
Tioxwood  charcoal^ (at  J2°  C.  and  ordinary  barometric  pressure)  absorbs  35  volumes  CO.,,  9-4 
vol.  0,  7 '5  vol.  N,  1-75  vol.  H.  Heat  is  always  formed  when  gases  are  absorbed,  and  the 
amount  of  heat  evolved  bears  a  relation  to  the  energy  with  which  the  absorption  takes  place. 
Non-porous  bodies  are  similarly  invested  by  a  layer  pf  condensed  gases  on  their  surface. 

By  'E\mds.— Fluids  can  also  absorb  gases.  A  known  quantity  of  fluid  at  different  pressures 
always  absorbs  the  same  volume  of  gas.  Whether  the  pressure  be  great  or  small,  the  volume  of 
the  gas  ^absorbed  is  equally  great  ( IF.  Henry).  But  according  to  Boyle  (1662)  and  Mariottc's 
law  (1679)  on  the  compression  of  gases,  when  the  pressure  within  the  same  volume  of  gas  is 
increased,  the  volume  varies  inversely  as  the  2Jressure.  Hence  it  follows  that,  with  varying 
iircssure,  the  volume  of  gas  absorbed  remains  the  same,  but  the  quantity  of  gas  {weiqht)  is 
directly  proportional  to  the  pressure.  If  the  pressure  =  0,  the  weight  of  the  gas  absorbed  must 
also  =  0.  As  a  necessary  result  of  this,  we  see  that  (1)  fluids  can  he  freed  of  their  absorbed 
gases  in  a  vacuum  binder  an  air-immp. 

Coefficient  of  Absorption  means  the  volume  of  a  gas  (0°  C.)  which  is  absorbed  by  a  unit  of 
volume  of  a  liquid  (at  760  mm.  Hg)  at  a  given  temperature.  The  volume  of  a  gas  absorbed, 
and  therefore  the  coefficient  of  absorption,  is  quite  independent  of  the  pressure,  while  the  weigU 
ot  the  gas  IS  proportional  to  it.  Temperature  has  an  important  influence  on  the  coefficient  of 
absorption.  With  a  low  temperature  it  is  greatest ;  it  diminishes  as  the  temperature  increases  ; 
and  at  the  boihng-point  it  =  0.  Hence,  it  follows  that— (2)  ahsorhed  gases  may  he  expelled 
Jrom  fluuls  simply  by  causing  the  fluids  to  boil.  The  coefficient  of  absovijtion  diminishes  for 
different  fluids  and  gases,  with  increasing  temperature,  in  a  s2Kcial,  and  by  no  means  uniform, 
nianner,  which  must  be  determined  empirically  for  each  liquid  and  gas.  Thus  the  coefficient 
ot  absorption  tor  CO.  in  water  diminishes  with  an  increasing  temperature,  while  that  for  H  in 
water  remains  unchanged  between  0°  and  20°  C. 

Diffusion  of  Gases.— Gases  which  do  not  enter  into  chemical  combinations  with  each  other 
mix  with  each  other  in  definite  proportions.  If  the  necks  of  two  flasks  be  placed  in  communi- 
Mtion  by  means  of  a  glass  or  other  tube,  and  if  the  lower  fla.sk  contain  CO.,,  and  the  upper  one 
M,  tiie  gases  mix  quite  indepiendcntty  of  IJicir  different  specific  gravities,  both  gases  forming  in 
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each  flask  a  perfectly  uuifonn  mixture.  The  phenomenon  is  called  the  diffusion  of  gases.  If 
a.  porous  immbranc  bo  previously  inserted  between  the  gases,  the  exchange  of  gases  still  goes  on 
through  the  membrane.  But  (as  with  cndosmosis  in  fluids)  the  gases  pass  with  unequal  rapidity 
through  the  pores,  so  that  at  the  beginning  of  the  experiment  a  larger  amount  of  gas  is  found 
on  one  side  of  the  membrane  tliau  on  tlie  otlier.  According  to  Graham,  the  rapidity  of  tlie 
diffusion  of  tlio  gases  through  tlie  pores  is  invei'suly  proportional  to  the  square  root  of  their 
specific  gravities.    (According  to  Bunsen,  however,  this  is  not  quite  correct. ) 

Different  Gases  in  a  Gaseous  Mixture  do  not  Exert  Pressure  upon  one  another. — Gases, 
therefore,  pass  into  a  space  filled  with  anotlier  gas,  as  they  would  pass  into  a  vacuum.  If  the 
surface  of  a  fluitl  containing  absorbed  gases  be  placed  in  contact  witli  a  very  large  quantity  of 
another  gas,  tlie  absorbed  gases  diffuse  into  the  latter.  Hence,  absorbed  gases  can  be  removed 
by  (3)  passing  a  stream  of  another  gas  through  the  fluid,  or  by  merely  sJiaking  up  the  fluid  with 
another  gas. 

Partial  Pressure. — If  two  or  more  gases  are  mixed  in  a  closed  space  over  a  fluid,  as  the 
different  gases  existing  in  a  gaseous  mixture  exert  no  pressure  upon  each  other,  the  several  gases 
are  absorbed.  '  The  weight  of  each  absorbed  is  proportional  to  the  pressure  under  which  each 
gas  would  be,  were  it  the  only  gas  in  the  space.  This  pressure  is  called  the  fartial  pressiire  of 
a  gas  {Bunsen).  The  absorption  of  gases  from  their  mixtures,  therefore,  is  pi-02)ortunuil  to  the 
partial  j>ressure.  The  partial  pressure  of  a  gas  in  a  space  is  at  the  same  time  the  expression  for 
the  tension  of  the  gas  absorbed  by  a  fluid. 

The  air  contains  0-2096  volume  of  0,  and  07904  volume  N.  If  1  volume  of  the  air  be  placed 
under  a  pressure,  P,  over  water,  the  partial  pressure  under  which  0  is  absorbed  =  0 -2096  P; 
that  for  N  =  07904  P.  At  0°  C,  and  760  mm.  pressure,  1  volume  of  water  absorbs  0 '02477 
volume  of  air,  consisting  of  0-00862  volume  0,  and  0-01615  volume  N,  It.  contains,  therefore, 
34  per  cent.  0  and  66  per  cent.  N.  Therefore,  water  absorbs  from  the  air  a  mixture  of  gases 
containing  a  larger  percentage  of  0  tlian  the  air  itself. 

34.  EXTEACTION  OF  THE  BLOOD  GASES.— [The  blood  to  be  analysed  must  be  collected 
over  mercury  so  as  to  avoid  contact  with  air.  This  is  done  by  means  of  a  special  apparatus, 
consisting  of  a  graduated  tube  filled  with  mercury  and  communicating  with  a  glass  globe  also 
filled  with  mercury,  which  can  be  lowered  as  the  blood  flows  into  the  gi-aduated  tube.]  The 
extraction  of  the  gases  from  the  blood,  and  their  collection  for  chemical  analysis,  are  carried  out 
by  means  of  the  mercurial  pump  (C.  Lvdwig).  Fig.  22  shows  in  a  diagi-ammatic  form  the 
arrangement  of  Pfliiger's  gas-pump. 

It  consists  of  a  receptacle  for  the  blood,  or  "blood-bulb"  (A),  a  glass  globe  capable  of  con- 
taining 250  to  300  c.c,  connected  above  and  below  with  tubes,  each  of  which  is  provided  with 
a  stop°cock,  a  and  h;  6  is  an  ordinary  stop-cock,  while  a  has  through  its  long  axis  a  perforation 
which  opens  at  as,  and  is  so  arranged  that,  according  to  the  position  of  the  handle,  it  leads  up 
into  the  blood-bulb  (position  x,  a),  or  downwards  through  the  lower  tube  (position  a/,  a').  This 
blood-bulb  is  first  completely  emptied  of  air  (by  means  of  a  mercurial  air-pump),  and  then  care- 
fully weighed.  One  end  {x')  of  it  is  tied  into  an  artery  or  a  vein  of  an  animal,  and  when  the 
lower  stop-cock  is  placed  in  the  position  x,  a  blood  flows  into  the  receptacle.^  When  the 
neccssarv  amount  of  blood  is  collected,  the  lower  stop-cock  is  put  into  the  position  x,a,  and  the 
blood-biilb,  after  being  cleaned  most  carefully,  is  weighed  to  ascertain  the  weight  of  the  amount 
of  blood  collected.  The  second  part  of  the  apparatus  consists  of  tlie  froth-chamber,  B,  leading 
upwards  and  downwards  into  tubes,  each  of  which  is  provided  with  an  ordinary  stop-cock,  c  and 
d  The  froth-chamber,  as  its  name  denotes,  is  to  catch  the  froth  which  is  formed  dunng  tlie 
ener<^etic  evolution  of  the  gases  from  the  blood.  The  lower  aperture  of  the  froth-chamber  is 
connected  by  means  of  a  well-ground  tube  with  the  blood-bulh,  while  above  it  communicates 
with  the  third  part  of  the  apparatus,  the  drying-chamber,  G.  Tins  consists  of  a  U-shaped  tube, 
provided  below  with  a  small  glass  bulb,  which  is  half  filled  with  sulphuric  acid  while  in  its 
limbs  are  placed  pieces  of  pumice-stone  also  moistened  with  sulphuric  acid.  As  the  blooil 
ga.ses  pass  through  this  apparatus  (which  may  be  shut  oft'  by  the  stop-cocks  e  and  /),  they  are 
freed  from  their  2vale7-y  vapour  by  the  sulphuric  acid,  so  that  they  pass  quite  dry  througli  t he 
stop-cock,  /.  The  short  well-ground  tube,  D,  is  fixed  to  /,  and  to  the  former  is  attached  the 
small  baronid.ric  tube  or  manometer,  y,  which  indicates  the  extent  of  the  vacuum,  from  JJ  we 
pass  to  the  pump  proper.  This  consists  of  two  large  glass  bulbs,  which  are  continued  above 
and  below  into  open  tubes;  the  lower  tubes,  Z  and  w,  bein^  united  by  a  caoutchouc  tube,  G 
Roth  the  bulbs  and  the  caoutchouc  tube  contain  mercury-the  bulb.s  being  about  halt  fulf,  ami 
F  being  larger  than  E.  The  bulb,  E,  is  fixed ;  but  F  can  be  raised  or  lowered  by  means  of  a 
pulley  with  a  rack  and  pinion  motion.  If  F  be  raised,  E  is  filled  ;  if  F  be  loNm-ed,  E  is  emptied. 
The  upper  end  of  E  divides  into  two  tubes,  g  ami  h,  of  which  g  is  muted  to  D  The  ascending 
tube,  A  (gas-delivery  tube),  is  very  narrow,  and  is  bent  so  that  its  irec  end  dips  n»to  a  vessc 
containing  mercury,  v  (a  pneumatic  trougli),  and  the  opening  is  placed  exactly  under  the  tuln. 
for  collecting  the  Jases  the  eudiometer,':!,  which  is  also  filled  with  meirury.  ^\  here  <,  and  H 
unitr,  therels  a  two-way  stop-cock,  which  in  one  position,  H  places  E  m  communication  wi  h 
A,  B,  G,  D,  the  chambers  to  be  exhausted,  and  in  the  position  k  shuts  oS  A,  B,  G,  D,  ana 
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places  the  bulb,  E,  in  comnuuiicatiou  with  the  gas-delivery  tube,  h,  and  the  eudiometer  J. 
B,  G,  D  are  completely  emptied  of  air,  thus  :— The  stop-cock  is  placed  in  the  position,  K  ;  raise 
F  until  drops  of  mercury  issue  from  the  fine  tube,  i  (not  yet  placed  under  J) ;  place  the  stop- 
cock in  the  position  H,  lower  F  ;  stop-cock  in  position,  K,  and  so  on  until  the  barometer,  y, 
indicates  a  complete  vacuum.  J  is  now  placed  over  i.  Open  the  cocks,  c  and  h,  so  that  the 
blood-bulb,  A,  communicates  with  the  rest  of  the  apparatus,  and  the  blood  gases  froth  up  iu  B, 


Fig.  22. 

Scheme  of  Pfiliger's  gas-pump.  A,  blood-bulb ;  a,  stop-cock,  with  a  longitudinal  perforation 
opening  upwards;  «,  the  same  opening  downwards ;  iandc,  stop-cocks;  B,  froth-chamber ; 
a,  c,f,  stop-cocks;  G,  drying-chambers,  containing  sulphuric  acid  and  pumice-stone;  D, 
tube,  with  manometer,  y.  i  >  > 

Doslnnn'^K "^i^'''^  P"'"  towards  E.  Lower  F,  and  they  pass  into  E ;  stop-cock  in 
ami  rT«L^'  *°  in  J  under  mercury.    The  repeated  lowering 

^at,1  fJn'r     'i^i  corresponding  position  of  the  stop-cocks  ultibately  drives  all  the 

S"ttainiS'™aT  60°  ^^^^"^^       ^^loo.l-h^^lh,  A,  in  a 

vessel' W^Tn''  t'^op  the  blood  immediately  after  it  is  collected  from  a  blood- 

vessel, because  the  0  undergoes  a  diminution  if  the  blood  be  kept.    Of  course,  in  making  several 
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analyses  it  is  difficult  to  do  this,  and  the  best  plan  to  pursue  in  that  case  is  to  keep  the  recep- 
tacles containing;  the  blood  on  ice. 

Mayow  (1670)  observed  that  gases  were  given  oft"  from  blood  in  vacuo.  Magnus  (1837)  in- 
vestigated the  percentage  conijjosition  of  the  blood  gases.  The  more  i!ni)ortant  recent  investi- 
gations have  been  made  by  Lo.thar  Meyer  (1857),  and  by  the  iiupils  of  C  Ludwig  and  E. 
Pfliigcr, 

35.  aTJANTITATIVE  ESTIMATION  OF  THE  BLOOD  GASES.— The  gases 
obtained  from  blood  consist  of  O,  CO.,,  and  N.  Pfliiger  obtained  (at  0"  C.  and  1 
metre  Hg  pressure)  47 "3  volumes  jjer  cent.,  consisting  of — 

0,  16-9  per  cent.  ;  CO^,  29  per  cent.;  N,  1"4  per  cent. 
As  is  shown  in  fig.  22,  J,  the  gases  are  obtained  in  an  eudiometer,  i.e.,  in  a  narrow 
tube,  closed  at  one  end,  and  with  a  very  exact  scale  marked  on  it,  and  having  two 
fine  platinum  wires  melted  into  its  upper  end,  with  their  free  ends  projecting  into 
the  tube      and  n). 

(1)  Estimation  of  the  C0„. — A  small  ball  of  fused  caustic  potash,  fi.xed  on  a  platinum  wire,  is 
introduced  into  the  mixture  of  gases  through  the  lower  end  of  the  eudiometer  under  cover  of 
the  mercury.  The  surface  of  the  potash  ball  is  moistened  before  it  is  introduced.  The  COg 
unites  with  the  potash  to  form  potassium  carbonate.  The  potash  bulb  is  withdrawn  after  24 
hours.    The  diminution  in  volume  indicates  the  amount  of  CO.^  absorbed. 

(2)  Estimation  of  the  0. — {a)  Just  as  in  estimating  the  COo,  a  ball  of  phospltoriis  on  a 
platinum  wire  is  introduced  into  the  eudiometer  ;  it  absorbs  the  O  and  forms  phosphoric  acid. 
Another  plan  is  to  employ  a  small  papier-mache  ball  saturated  with  pyrocjallic  acid  in  caustic 
potash,  which  rapidly  absorbs  0.  After  the  ball  is  removed,  the  diminution  in  volume  indicates 
the  quantity  of  0. 

{b)  The  0  is  most  easily  and  accurately  estimated  by  exploding  it  in  the  eudiometer.  Intro- 
duce a  sufficient  quantity  of  H  into  the  eudiometei-,  and  accurately  ascertain  its  volume  ;  an 
electrical  spark  is  now  passed  between  the  wires,  p  and  n,  through  the  mixture  of  gases  ;  the  0 
and  H  nnite  to  form  water,  which  causes  a  diminution  in  the  volume  of  the  gases  in  the  eudio- 
meter, of  whicli  i  is  due  to  the  0  used  to  form  water  (H2O). 

(c)  Estimation  of  the  N. — When  the  CO.,  and  0  are  estimated  by  the  above  method,  the 
remainder  is  pure  N. 

36.  THE  BLOOD  GASES. — [In  human  blood  the  average  total  gases  are 

estimated  to  be,  at  0'  C.  and  1  metre  pressure, 

0         CO.3  N 

Arterial  blood,         17  30       1  to  2  per  cent. 

Venous  blood,       6  to  10       35       1  to  2  „ 
or,  calculated  at  0°  C.  and  760  mm.  pressure, 

Arterial  blood,         20  39       1-4  per  cent. 

Venous  blood,      8  to  12       46       1-4     „  ] 

I.  Oxygen  exists  in  arterial  blood  (dog)  on  an  average  to  the  extent  of  17 
volumes  per  cent,  (at  0°  C.  and  1  metre  Hg  pressure)  {Pfliirjer).  According  to 
Pfliiger,  arterial  blood  (dog)  is  saturated  to  -^jy  with  O,  while,  according  to  Hiifner, 
it  is  saturated  to  the  extent  of  In  venous  blood  the  quantity  varies  very 

greatly  ;  in  the  blood  of  a  passive  muscle  6  volumes  per  cent,  have  been  found ; 
while  in  the  blood  after  asphyxia  it  is  absent,  or  occurs  only  in  traces.  It  is 
certainly  more  abundant  in  the  comparatively  red  blood  of  active  glands  (salivary 
glands,  kidney),  than  in  ordinary  dark  venous  blood. 

[Modifying  Conditions.— The  amount  of  0  obtainable  from  the  blood  depends  upon  the  organ 
from  which  the  blood  comes,  or  whether  the  organ  be  active  or  at  rest.  Thus  the  0  present 
in  the 


Carotid  artery  is  .  .  21  per  cent. 
Renal  artery,      .       .  19 


Renal  vein  (kidney  active),  17  per  cent 
Renal  vein  (kidney  at  i-est),  6 


Bert  finds  that  increase  of  the  atmospheric  pressure  from  1  to  10  atmospheres  luises  the 
amount  of  0  in  arterial  blood  from  20  to  over  24  per  cent.,  and  the  N  from  1-8  to  over  9 
per  cent.,  while  the  CO^  is  but  slightly  aflected.] 

The  0  in  Blood  occurs — («)  smp/?y  ahsorhed  in  the  plasma.    This  is  only  a 
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minimal  amount,  and  does  not  exceed  what  distilled  water  at  tlie  temperature  of 
the  body  would  take  up  at  the  partial  pressure  of  the  0  in  the  air  of  the  lungs 
{Lofhar  Meyer). 

(6)  Almost  the  total  0  of  the  blood  is  chemically  united,  and  therefore  not  subject 
to  the  law  of  absorption.  It  is  loosely  united  to  the  litemoglobiu  of  the  red 
■corpuscles,  with  which  it  forms  oxyheevioglohin  (§  15).  With  regard  to  the  taking 
up  of  0,  the  total  quantity  of  blood  behaves  exactly  like  a  solution  of  haemoglobin 
free  from  O  {Preyer).  The  absorption  of  0  is  more  rapid  in  blood  tiian  in  a 
solution  of  Hb. 

Tlie  absorption  of  ttis  quantity  of  0  is  completely  independent  of  pressure ;  lience,  animals 
ronfiued  in  a  closed  space,  until  they  are  nearly  asphyxiated,  can  use  up  almost  all  the  0  from 
the  surrounding^  atmosphere.  The  fact  of  the  union  being  independent  of  in-essurc  is  proved  by 
the  following ; — The  blood  only  gives  off  copiously  its  chemically  united  0  when  the  atmo- 
.spheric  pressure  is  lowered  to  20  millimetres,  Hg  {Worm  Miiller);  and,  conversely,  blood  only 
takes  up  a  little  more  0  when  the  2iressure  is  increased  to  6  atmospheres  {Bert). 

Physical  Methods  of  obtaining  0  from  Blood.— Notwithstanding  the  chemical 
union  between  the  Hb  and  O,  all  the  O  of  the  blood  can  be  expelled  from  its  state 
of  combination  by  those  means  which  set  free  absorbed  gases — («)  by  introducing 
blood  into  a  Torricellian  vacuum ;  {h)  by  boiling ;  (c)  by  the  conduction  of  other 
gases  [H,  N,  CO,  or  NO]  through  the  blood,  because  the  oxyhtemoglobin  compound 
is  so  loose  that  it  is  decomposed  even  by  these  physical  means. 

Reducing  Reagents. — Amongst  chemical  reagents  the  following  reducing 
^substances — ammonium  sulphide,  sulphuretted  hydrogen,  alkaline  solutions  of  sub- 
salts  or  Stokes's  fluid,  iron  filings,  &c.,  rob  blood  of  its  O  (.§  15). 

Eelation  to  Fe.— The  amount  of  iron  in  the  blood  (0-55  in  1000  parts)  stands  in  direct  relation 
to  the  amount  of  Hb  ;  this  to  the  quantity  of  blood-corpuscles  ;  and  this,  in  turn,  to  the  specific 
gravity  of  the  blood.  The  amount  of  0  in  the  blood,  therefore,  is  nearly  proportional  to  the 
specific  gravity  of  the  blood,  and  it  is  also  in  proportion  to  the  amount  "of  iron  in  the  blood. 
Picard  affirms  that  2-36  grams  of  iron  in  the  blood  can  fix  chemically  1  gram  0  ;  while, 
according  to  Hoppe-Seyler,  the  proportion  is  1  atom  iron  to  2  atoms  0. 

During  morphia  narcosis  the  amount  of  0  in  the  blood  is  diminished  {Eioald);  after  hajnior- 
rhage  the  arterial  blood  is  saturated  with  0       G.  Ott). 

Disappearance  of  0  in  Shed  Blood.— Even  immediately  after  blood  is  shed,  there  is  a  slight 
disappearance  of  0,  as  a  physiologicnl  index  of  respiration  of  the  tissues  within  the  living  blood 
itself  (§  132).  When  blood  is  kept  long  outside  of  the  blood-vessels,  the  quantity  of  0  gradually 
diminishes,  and  if  it  be  kejjt  for  a  length  of  time  at  a  high  temperature  it  may  disappear 
altogether.  This  depends  upon  decomposition  occurring  in  the  blood,  whereby  reducint^  sub- 
stances are  formed  which  consume  the  0.  All  kinds  of  blood,  however,  do  not  act  with%qual 
energy  in  consuming  0,  e.g.,  venous  blood  from  active  muscles  acts  most  energeticallj-,  while 
that  from  the  hei^atic  vein  has  very  little  effect.  CO,  appears  in  the  blood  in  place  of  the  O, 
and  the  colour  darkens.  The  amount  of  CO.,  produced  is  sometimes  greater  than  that  of  the  6 
•consumed. 

Eelation  to  Acids.— If  blood  (or  a  solution  of  oxyLremoglobin)  be  acted  upon  by  acids  {e.g., 
tartaric  acid)  until  it  is  strongly  acid,  0  can  be  pumped  out  in  considerablv  less  amount,  whiie 
the  formation  of  COj  is  not  increased.  We  must,  therefore,  assume  that,  during  the  decomposi- 
tion of  the  Hb  caused  by  the  acids  (§  18),  a  decomposition  product  becomes  more  highly  oxidised 
by  the  intense  chemical  union  of  the  0  at  the  moment  of  its  origin  {Lothar  Mcxjer,  Zuntz, 
Urassburg).    The  same  phenomenon  occurs  when  oxyhsemoglobin  is  decomposed  by  boiling. 

37.  IS  OZONE  PRESENT  IN  BLOOD  ?— On  account  of  the  numerous  and 
energetic  oxidations  which  occur  in  connection  with  the  blood,  the  question  has 
often  been  raised  as  to  whether  the  O  of  the  blood  exists  in  the  form  of  ozone  (0.,) 
Ozone,  however,  is  contained  neither  in  the  blood  itself  {Schdnhein)  nor  in  the 
blood-gases  obtained  from  it.  Nevertheless,  the  red  corpuscles  (and  Hb)  have  a 
distinct  relation  to  ozone. 

onf-^^  02°iif;-HEcmoglobin  acts  as  a  conveyer  of  ozone,  i.e.,  it  is  able  to  remove  the 

active  U  of  other  bodies  and  to  convey  or  transfer  it  at  once  to  other  easily  o.xidisable  substances, 
ioifo  f  ""Pf^  ,  L  ^'"^  y^^^  exposed  to  the  air  for  a  long  time  always  contains  ozone.  The 

Tests  lor  the  fatter  are  starch  and  potassium  iodide,  the  ozone  decomposing  the  iodide,  when  the 
iodine  strikes  a  blue  with  the  starch,    {b)  Freshly-prepared  tincture  of  guaiacum  is  also  rendered 
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blue  by  ozouo.  If  some  tincture  of  guaiacum  be  aildeJ  to  turpentine  there  is  no  reaction,  but  on^ 
adding  a  drop  of  blood  a  dcop  blue  colour  is  immediately  produced,  i.e.,  blood  takes  the  o/.one 
from  the  turpontiuo  and  convajs  it  at  once  to  the  dissolved  guaiacum,  which  becomes  blue.  It 
is  immaterial  whc-ther  the  Hb  contains  0  or  not. 

(2)  It  is  also  assorted  that  hajraoglobiu  acts  as  an  ozone-producer,  i.e.,  that  it  can  convert  the 
ordinary  0  of  the  air  into  ozone.  Hence  the  rea.son  why  red  blood-corpuscles  alone  render 
guaiacum  blue.  This  reaction  succeeds  best  when  the  guaiacum  solution  is  allowed  to  dry  on 
blotting-paper,  and  a  few  drops  of  blood  (diluted  5  to  10  times)  are  jjoured  on  it.  That  the  Hb 
forms  ozone  from  the  surrounding  0,  is  shown  by  the  fact  that  red  blood-corpuscles  containing 
carbonic  oxide  cause  the  blue  colour  (/ir«/twc  and  Schoh).  According  to  Plliiger,  however,  these 
reactions  only  occur  from  decomposition  of  the  Hb,  so  that  on  this  view  the  blood-corpuscle.s^ 
cannot  be  regarded  as  producers  of  ozone. 

Sulphuretted  hydrogen  is  decomposed  by  blood  (as  by  ozone  itself)  into  sulphur  an<l  water. 
Hydric  peroxide  is  decomposed  by  blood  into  0  and  water  [but  this  reaction  is  prevented  by  the 
addition  of  a  small  amount  of  hydrocyanic  acid  {Schonhein)].  Crystallised  Hb  does  not  do  this, 
and  HoO.j  may  be  cautiously  injected  into  the  blood-vessels  of  animals.  This  would  show  that 
unchanged  Hb  does  not  produce  ozone. 

Various  Forms  of  Oxygen.— There  are  three  forms  of  oxygen  : — (1)  The  ordinary  oxygen  (Oj,) 
in  the  air.  (2)  Active  or  nascent  oxygen  (0),  which  never  can  occur  in  the  free  state,  but  the 
moment  it  is  formed  acts  as  a  powerful  oxidising  agent  and  produces  chemical  compounds.  It 
converts  water  into  hydric  peroxide — the  N  of  the  air  into  nitrous  and  nitric  acids,  and  even 
CO  into  COo,  which  ozone  does  not.  It  certainly  jdays  an  important  part  in  the  organism. 
(3)  Ozone  (O3),  which  is  formed  by  the  decomposition  of  several  molecules  of  ordinary  ox5''gen 
(O.,)  into  two  atoms  of  0,  and  the  appropriation  of  each  of  these  atoms  by  a  molecule  of  unde- 
composed  oxygen.    It  is  oxygen  condensed  to  §  of  its  volume. 

38.  COo  AND  N  IN  BLOOD.— II.  Carbon  Dioxide.— In  arterial  blood  there 
are  about  30  volumes  per  cent,  of  CO.j  at  0°  C.  and  1  metre  pressui'e  (Setsc/ienovj)  ; 
but  in  venous  blood  the  amount  is  very  variable,  e.(/.,  in  the  venous  blood  of  passive 
muscles  there  are  35  volumes  per  cent.  (SczeUcoiv),  while  in  the  blood  of  asphyxia 
there  may  be  52"6  volumes  per  cent.  The  COg  in  the  lym^^h  of  asphyxia  is  less 
than  that  in  the  blood  (Buclmer,  Gaule).  The  COg  of  the  blood  may  be  extracted 
from  it  or  completely  2^um2')ed  out,  but  during  the  process  of  evacuation,  or  removal 
of  the  gas,  a  new  property  of  the  red  blood-corpuscles  is  produced,  whereby  they 
assume  the  function  of  an  acid,  and  thus  aid  in  the  chemical  expulsion  of  the  CO^. 
This  acid-like  property  of  the  red  corpuscles  occurs  especially  in  the  presence  of  O 
and  heat. 

(A)  The  CO.^  in  the  Plasma. — The  largest  poHion  of  the  GO^Mongs  to  the  plasma 
(or  serum),  and  it  all  appears  to  be  in  a  state  of  chemical  combination.  Serum 
takes  up  CO.2  quite  independently  of  pressure,  hence  it  cannot  be  merely  absorbed.. 
A  certain  part  of  the  CO.2  can  be  removed  from  the  serum  (plasma)  by  the 
Torricellian  vacuum,  while  another  part  is  obtained  only  after  the  addition  of  an 
acid.  [The  latter  is  called  the  "  fixed  "  COo,  while  the  former  is  known  as  the 
"  loose  "  CO2.]    The  CO2  in  the  serum  exists"in  the  following  conditions  : — 

(1)  CO2  is  united  to  "the  soda  of  the  plasma  in  the  form  of  "neutral  sodir 
carbonate."  This  portion  of  the  CO,  can  only  be  displaced  from  its  combination 
by  the  addition  of  an  acid.  (In  depriving  blood  of  its  gases  the  red  corpuscles  play 
the  role  of  an  acid.) 

(2)  A  portion  of  the  CO.2  is  loosely  united  to  sodic  carbonate  in  the  form  of  sodk 
bicarbonate  ;  the  carbonate  takes  up  1  equivalent  of  CO2  ;  NaoCOj  +  COo  -f  HoO  - 
21SraHC03.  This  COg  may  be  pumped  out,  as  in  the  process  the  bicarbonate  .splits 
up  again  into  the  neutral  carbonate  and  COo- 

Preyer  has  objected  to  this  view  on  the  groimd  that  blood  is  alkaline  hi  reaction,  whilst  all 
solutions  that  contain  CO.,  in  a  state  of  absorption,  or  loose  chemical  combination,  are  alway.s 
acid.    Pfliiger  and  Zuntz  showed  that  blood,  after  being  completely  saturated  with  CO.j,  still 

remains  alkaline.  ...  ^•^         ^   •       a--,.  nr\ 

As  the  bicarbonate  only  gives  up  its  CO.,  very  slowly  in  vacuo,  while  blood  gives  oH  its  CU., 
very  energetically,  perhaps  the  soda,  united  with  an  albuminous  body,  combines  \nth  the  CO... 
and  forms  a  complex  compound,  from  which  the  CO.^  is  rapidly  given  off  in  vacuo. 

(3)  A  minimal  portion  of  the  COo  may  be  chemically  united  with  neutral  sodic 
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phosphate  in  the  i)lasma  (Fernet).    One  equivalent  of   this  salt  can  fix  one 
equivalent  of  CO.,,  so  acid  sodium  phosphate  and  acid  sodium  carbonate  are  formed 
NaoHPO,  +  CO.,  +  HoO  =  NaH^PO^  +  NaH,C03  {Hermann).    When  the  gases  are 
removed  the  CO2  escapes,  and  neutral  sodic  phosphate  remains. 

It  is  probable,  however,  that  almost  all  the  sodic  phosphate  found  in  the  blood-ash  arises 
from  the  burning  of  lecithin  ;  we  have,  therefore,  to  consider  only  the  very  small  amount  of 
this  salt  which  occurs  in  the  plasma  {Hoppc- Scylcr  and  Sertoli). 

(B)  The  CO2  in  the  Blood-Corpuscles. —The  red  corpuscles  contain  CO2  in  loose 
•chemical  combination  ;  for  (1)  a  volume  of  blood  can  fix  nearly  as  much  CO^  as  an 
equal  volume  of  serum  {Ludwig,  Al.  Schmidt) ;  and  (2)  with  increasing  pressure 
the  absorption  of  CO^  by  blood  takes  place  in  a  different  ratio  from  what  occurs 
with  serum  (Pfliiger,  Ztintz).  The  red  corpuscles  can  fix  more  CO.,  than  their  own 
volume,  and  the  union  of  the  COj  seems  to  depend  upon  the  Hb,"for  Setschenow 
found  that,  when  Hb  was  acted  on  by  COg,  its  power  of  fixing  the  latter  was 
increased,  which  is  perhaps  due  to  the  formation  of  some  substance  more  suited  for 
fixing  COg.  The  colourless  corpuscles,  after  the  manner  of  the  serum-constituents, 
also  fix  CO._j  to  the  extent  of  ^  to  -^-^  of  the  absorbing  power  of  serum. 

After  the  use  of  I,  Hg,  sodic  oxalate,  and  nitrite,  there  is  a  diminution  of  COg  in  arterial 
-blood  {Feitelberg),  and  also  in  fever  (Gex>pert,  MinTcoiosM).  [In  the  last  case  it  is  perhaps  due 
to  the  diminished  akalinity,  and  this  is  in  part  owing  to  the  acid  products  formed  during 
the  decomposition  of  the  tissues.] 

III.  Nitrogen  exists  in  the  blood  to  the  extent  of  1-4  to  1  -6  vol.  per  cent.,  and 
it  appears  to  be  simply  absorbed. 

It  is  doubtful  if  any  part  of  the  N.  exists  chemically  united  in  the  red  corpuscles.  Blood 
warmed  outside  the  body,  and  with  a  free  supply  of  oxygen,  gives  ofl'  a  minute  quantity  of 
ammonia,  which  is  perhaps  derived  from  the  decomposition  of  some  salt  of  ammonia  as  yet 
unknoAvn  {Ki'ihne  and  S'traicch). 

39.  ARTERIAL  AND  VENOUS  BLOOD. —Arterial  blood  contains  in  solution 
all  those  substances  which  are  necessary  for  the  nutrition  of  the  tissues,  those  which 
a,re  employed  in  secretion,  and  it  also  contains  a  rich  supply  of  O.  Venous  hlood 
must  contain  less  of  all  these,  but  in  addition  it  holds  the  used-up  or  effete 
substances  derived  from  the  tissues,  and  the  products  of  their  retrogressive 
metabolism  are  more  numerous  ;  there  is  in  venous  blood  a  larger  amount  of  CO2. 
It  is  evident  also  that  the  blood  of  certain  veins,  the  portal  and  hepatic,  must  have 
special  characters. 

The  following  are  the  most  important  points  of  diflference  between  arterial  blood 
and  venous  blood  : — 

Arterial  Blood  contains — 


more  0, 
less  CO2, 
more  water, 
more  fibrin. 


more  extractives, 
more  salts, 


less  lu'ea. 

It  is   bright  red  and  not 

dicliroic. 
As  a  rule  it  is  1°  C.  warmer. 


more  sugar, 
fewer  blood-corpuscles. 

The  bright  red  colour  of  arterial  blood  depends  on  the  presence  of  oxyhc^mo 
globin,  whilst  the  dark  colour  of  venous  blood  is  due  to  its  smaller  proportion  of 
oxyhsemoglobin,  and  the  quantity  of  reduced  haemoglobin  which  it  contains.  The 
dark  change  of  colour  is  not  to  be  attributed  to  the  larger  quantity  of  CO^  in 
venous  blood  {Marchand);  for  if  equal  quantities  of  O  be  added  to  two  portions  of 
blood,  and  if  COg  be  added  to  one  of  them,  the  colour  is  not  changed  (P/iiigei-). 

[According  to  C.  Schmidt,  the  blood  of  the  portal  vein  contains  more  water,  plasma,  salts, 
iind  tats,  but  less  extractives  and  corpuscles  than  the  blood  of  the  hepatic  vein  ;  while  (when 
an  anmial  IS  not  digesting)  sugar  is  absent  or  at  least  only  in  traces  in  the  portal  vein,  and  in 
considerable  amount  in  the  hepatic  vein  {§  175).] 

40.  QUANTITY  OF  BLOOD. -In  the  adult  the  quantity  of  blood  is  equal  to 
rV  part  of  the  body-weight  {Bischof),  in  newly-born  children      ( Welckei-). 

According  to  Schiicking,  the  amount  of  blood  in  a  newlv-born  child  depends  to  some  extent 
upon  the  time  at  which  the  umbilical  cord  is  ligatured,    tlie  amount         of  the  body-weight 
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when  the  coiil  is  tied  iit  once,  while  if  it  is  tied  somewhat  later  it  may  be  I.  Immediate 
ligatufe  of  the  cord  may,  therefore,  deprive  a  newly-boi'ii  chihl  of  100  grams  of  blood. 
Further,  tho  niunber  of  corpuscles  is  less  in  a  child  after  inimediute  ligature  of  the  umbilical 
cord  than  when  it  is  tied  somewhat  later  {Hclol). 

The  methods  of  Valentin  (1838),  and  Ed.  Weber  (1850),  are  not  now  used,  as  the  results 
obtained  are  not  sulliciently  accurate. 

Method  of  Welcker  (1854). — Begin  by  talcing  the  weight  of  the  animal  to  be  experimented 
on  ;  place  a  cannula  in  the  carotid,  and  allow  the  blood  to  run  into  a  Uask  previously  weighed, 
and  in  which  small  pebbles  (or  Hg)  have  been  placed  in  order  to  detibriuate  the  blood  by 
shakiug.  Take  a  part  of  this  detibrinated  blood,  and  make  it  cherry-red  in  colour  by  passing 
through  it  a  stream  of  CO  (because  ordinary  blood  varies  in  colour  according  to  the  amount  of 
0  contained  in  it — Gschcidlcn,  floidcnJuiin).  Tie  a  |—  shajjed  cannula  in  the  two  cut  ends  of  the 
carotid,  and  allow  a  0"6  per  cent,  solution  of  common  salt  to  flow  into  the  vessel  from  a 
pressure  bottle  ;  collect  the  coloured  fluid  issuing  from  the  jugular  veins  and  inferior  vena  cava 
until  the  fluid  is  quite  clear.  The  entire  body  is  then  chopped  up  (with  the  exception  of  the 
contents  of  the  stomach  and  intestines,  which  are  weighed,  and  their  weight  deducted  from  the 
body-weight),  and  extracted  with  water,  and  after  twenty-four  hours  the  fluid  is  expressed. 
This  water,  as  well  as  the  washings  with  salt  solution,  are  collected  and  weighed,  and  part  of 
the  mixture  is  saturated  with  CO.  A  sample  of  this  dilute  blood  is  placed  in  a  vessel  with 
parallel  sides  (1  cm.  apart)  opposite  the  light  (the  so-called  hsematinoineter),  and  in  a  .second 
vessel  of  the  same  dimensions  a  sample  of  tho  undiluted  CO  blood  is  diluted  with  water  from  a 
burette,  until  both  fluids  give  the  same  intensity  of  colour.  From  the  quantity  of  water  required 
to  dilute  the  blood  to  the  tint  of  the  washings  of  the  blood-vessels,  the  quantity  of  blood  in  the 
washings  is  calculated.  On  chopping  up  the  muscles  alone,  we  obtain  the  amount  of  Hb 
present  in  them,  which  is  not  taken  into  calculation. 

Quantity  of  Blood  in  Various  Animals.— The  quantity  of  blood  in  the  mouse 
=  tV  to  xV  ;  guinea-pig  j-J-.y  (^V  to  ^V)  ;  I'abbit  =  {^K  to  J^) ;  dog  =  {j\  to 
jJg)  ;  cat  =  ^i.g  ;  birds  =  ^\  to  ^\  ;  frog  =  to  J  Wishes  =  ^  to  Jg-  of  the  body- 
weight  (without  the  contents  of  the  stomach  and  intestines). 

The  specific  gravity  of  the  blood  ought  always  to  be  taken  when  estimating  the  amount  of 
blood.  The  amount  of  blood  is  diminished  during  inanition  ;  fat  persons  have  relatively  less 
blood  ;  after  hemorrhage  the  loss  is  at  first  replaced  by  a  watery  fluid,  while  the  blood-cor- 
puscles are  gradually  regenerated. 

Blood  in  Organs. — The  estimation  of  the  quantity  of  blood  in  different  organs  is 
done  by  suddenly  ligaturing  their  blood-vessels  intra  vitam.  A  watery  extract  of 
the  chopped- up  organ  is  prepared,  and  the  quantity  of  blood  estimated  as  described 
above.  [Roughly  it  may  be  said  that  the  lungs,  heart,  large  arteries,  and  veins 
contain  \  ;  the  muscles  of  the  slceleton,  |- ;  the  liver,  \  ;  and  other  organs,  \ 
[Ranke).^ 

41  ABNORMAL  CONDITIONS  OF  THE  BLOOD.— (A)  1  Polysemia.— (1)  An  increase  in  the 
entire  mass  of  the  blood,  uniformly  in  all  organs,  constitutes  _?Jo/?/a!HU«  m  i}lcthora,  and  in  over- 
nourished  individuals  it  may  approach  a  pathological  condition.  A  bluish-red  colour  of  the 
skin,  swollen  veins,  large  arteries,  hard  full  pulse,  injection  of  the  capillaries  and  smaller 
vessels  of  the  visible  mucous  membranes  are  signs  of  this  state,  and,  when  accompanied  by 
conc'estion  of  the  brain,  there  is  vertigo,  congestion  of  the  lungs,  and  breathlessness.  After 
major  amputations  with  little  loss  of  blood  a  relative  but  transient  increase  of  blood  has  been 
fonnCL  {'{)  {plethora  apocojJtica).  ....        u   j  r 

Transfusion  — Polytemia  may  be  ]n-oduced  artificially  by  the  injection  of  blood  of  the  same 
species.  If  the  normal  quantity  of  blood  be  increased  83  per  cent,  no  abnormal  condition 
occurs,  because  the  blood-pressure  is  not  permanently  raised.  The  excess  ol  blood  is  accommo- 
dated in  the  greatly  distended  capillaries,  which  may  be  stretched  beyond  their  normal  elasticity. 
If  it  be  increased  to  150  per  cent,  there  are  variations  in  the  blood-pressure,  life  is  endangered, 
and  there  may  be  sudden  rupture  of  blood-vessels  (^ro?-mil/M?toO-  . 

Fate  of  Transfused  Blood.— After  the  transfusion  of  blood  the  formation  of  lymph  is  gi-eatlv 
increased  ;  but  in  one  or  two  days  the  serum  is  used  up,  the  water  is  e.\-creted_  chiefly  by  the 
urine,  and  the  albumin  is  partly  changed  into  urea.  Hence,  the  blood  at  this  time  appears  to 
be  relatively  richer  in  blood-corpuscles  {Famim,  Lesser,  Worm  MiiUcr).    The  red  corpuscles 


tity  of  blood  is  swallowed  by  the  'animal  than  when  an  equal  amount  is  transfused  {Tschirjcv 
Landois).    In  the  latter  case  there  is  a  moderate  increase  of  the  urea,  lasting  for  days,  a  i-root 
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of  the  slow  decomposition  of  the  red  corpuscles.  Prouounced  over-filling  of  the  vessels  causes 
loss  of  appetite  ana  a  tendency  to  liftjmorrhago  of  the  mucous  membranes. 

(2)  PolysBiuia  serosa  is  that  condition  in  which  the  amount  of  sorum,  i.e.,  the  amount  of 
water  in  the  blood,  is  increased.  This  may  be  produced  artificially  by  the  transfusion  of  blood- 
scrum  from  the  same  species.  The  water  is  soon  given  off  in  the  urine,  and  the  albumin  is 
decomposed  into  urea,  without,  however,  passing  into  the  urine.  An  animal  forms  more  urea 
in  a  short  time  from  a  quantity  of  transfused  serum  than  from  the  same  quantity  of  blood  a 
proof  that  the  blood-corpuscles  remain  longer  undecomposed  than  the  serum  (Forsier,  Lando'is). 
If  serum  from  another  species  of  animal  be  used  {e.g.,  dog's  serum  transfused  into  a  rabbit),  the 
blood-corpuscles  of  the  recipient  are  dissolved;  haimoglobinuria  is  produced  {Ponfick) ;  and  if 
there  be  general  dissolution  of  the  corpuscles,  death  may  occur  {Landois). 

(3)  Polysemia  aquosa  is  a  simple  increase  of  the  water  of  the  blood,  and  occurs  temporarily 
after  copious  drinking,  but  increased  diuresis  soon  restores  the  normal  condition.  Diseases  of 
the  kidneys,  which  destroy  their  secreting  parenchyma,  produce  this  condition,  and  often 
general  dropsy,  owing  to  the  passage  of  water  into  the  tissues.  Ligature  of  the  ureter  produces 
a  watery  condition  of  the  blood. 

(4)  Plethora  polycythsemica,  Hyperglobulie.— An  increase  of  the  red  corpuscles  has  been 
assumed  to  occur  when  periodically  recurring  hsemorrhages  are  interrupted,  e.g.,  menstruation, 
bleeding  from  the  nose,  &c. ;  but  the  increase  of  corpuscles  has  not  been  definitely  proved! 
There  is  a  proved  case  of  temporary  polycythemia,  viz.,  when  similar  blood  is  ti-ansfused,  a 
part  of  the  fluid  being  used  up,  while  the  corpuscles  remain  unchanged  for  a  considerable  time 
There  is  a  remarkable  increase  in  the  number  of  blood-corpuscles  (to  8-82  millions  per  cubic 
millimetre)  in  certain  severe  cardiac  afl[ections  where  there  is  great  congestion,  and  much  water 
transudes  thi-ough  the  vessels.  In  cases  of  hemiplegia,  for  the  same  reason,  the  number  of 
corpuscles  is  greater  on  the  paralysed  congested  side  (FensokU).  After  diarrhcea,  which  dimin- 
ishes the  water  of  the  blood,  there  is  also  an  increase  (Brouardel),  and  the  same  is  the  case  after 
profuse  sweating  and  polyuria.  Drugs  (alcohol,  chloral,  amyl  nitrite)  which  act  on  the  blood- 
vessels affect  the  number  of  corpuscles  ;  during  contraction  of  the  blood-vessels  their  number 
increases,  during  dilatation  they  diminish  in  number  (Andreesen).  There  is  a  temporary  increase 
in  the  hsernatoblasts  as  a  reparative  process  after  severe  htemorrhage  (§  7),  or  after  acute  diseases. 
In  cachectic  conditions  this  increase  continues,  owing  to  the  diminished  non-conversion  of  these 
corpuscles  into  red  corpuscles.  In  the  last  stages  of  cachexia  the  number  diminishes  more  and 
more  until  the  tormation  of  hsernatoblasts  ceases  {Eayen). 

(5)  Plethora  hyperalbuminosa  is  a  term  applied  to  the  increase  of  albumins  in  the  plasma 
such  as  occurs  after  takmg  a  large  amount  of  food.  A  similar  condition  is  produced  by  trans- 
fusing the  serum  of  the  same  species,  whereby,  at  the  same  time,  the  urea  is  increased.  Iniec- 
tion  ot  egg-albumm  produces  albuminuria  {Stokvis,  Lehmann). 

[The  subcutaneous  injection  of  human  blood  has  been  practised  with  good  results  in  anajmia 
{v.  Zienissen).  When  dehbrinated  human  blood  is  injected  subcutaneously,  while  its  passa'^e 
into  the  circulation  is  aided  by  massage,  it  causes  neither  pain  nor  inflammation,  but  the  blood 
ot  ammcUs,  and  a  solution  of  heemoglobin,  always  induce  abscess  (Benczicr).  Blood  is  also 
rapully  absorbed  when  injected  in  small  amount  into  the  respiratory  passages  ] 

^in?+  ="Tt"-"r'^lo  .'IV^''^'  partly  .given  off  by  the  urine,  and  in  "diabetes 

meuitus  1  kilo.  (2 -2  lbs.)  may  be  given  off  daily,  when  the  quantity  of  urine  may  rise  to  25 
kiios.  io  replace  this  loss  of  grape-sugar  a  large  amount  of  food  and  drink  is  required,  whereby 
the  urea  may  be  increased  threefold.  The  increased  production  of  sugar  causes  an  increased 
decomposition  of  albuminous  tissues  ;  hence  the  urea  is  always  increased,  even  though  the  supply 
of  albumin  be  insufficient.  The  patient  loses  flesh  ;  all  the  glands,  and  even  the  testicles,  atrophy 
or  degenerate  (pu  monary  jihthisis  is  common)  ;  the  skin  and  bones  become  thinner :  the 
nervous  system  holds  out  longest.  The  teeth  become  carious  on  account  of  the  acid  saliva,  the 
Xr  frnn.  Ta^'''""'''  ^""'^'^  tl^\amount  of  Sugar  in  the  fluid  of  the  eye  which  extracts 
AwL  ^  ^  lens  and  wounds  heal  badly  because  of  the  abnormal  condition  of  the  blood. 
te,  3  L?lT^  J'^''''*''  C""'^  causes  a  diminution  of  the  sugar  in  the  blood,  but 

nhLnL   ?1 1  *      '^''^Pl^^^^-  entirely.    [The  sugar  in  the  blood  is  also  increased  after'  the 
nhdla  ion  of  chloroform  or  amyl  nitrite,  and  after  the  use  of  curara,  nitro-benzole,  and  chloral 
IS  i/5).J    An  exces.sive  amount  of  mosite  has  been  found  in  the  blood  and  urine  (Si  267  con- 
stituting mellituna  inosita  ( FoA^)  UIllll^V!)  -O^  LOU 

suShfatfth^n  .r«'T?!f  °^  ^^/^^  "^^"^^-^  ^f'"-  every  meal  rich  in  fat  (e.g.,  in 

ii^a  1  i!h  .     i'  f    1  ^^"^ f ^''''^'"^  ^'^^  Pathologically,  this  occurs 

tk,u  0  albi.n^n  In  tl    l""^';'^'  Corpulent  individuals.    When  there  is  great  decomposi- 

and  tl  is  al  o  til  ?  ^"^^^  (^'^^  ^^''^  "^'^  i-^/ery  severe  diseases),  the  fat  in  the  blood  increases, 
ana  tins  also  takes  place  after  a  liberal  supply  of  easily  decomposable  carbohydrates  and  much 

nia^mw  this,  ^t*^  ^^ecting  the  marrow,  not  uufrequently  fatty  granules  pass  from  the 

^V;°  !.^.?^^^^^^^^^  of  the  blood-vessels  into  the  blood-stream.    These  fatty 


particles  mMv  fnvnVrnf   ^  T  r  ■  Olooct-vessels  into  the  blood-stream.    These  fatty 

paiuaes  may  torm  fat  emboh,  e.c/.,  in  the  liver  or  Innrrs  m-  tlmv         .„>,>„„,.  ;„  fi,.>  i„.i„e 

ip  by  the 


if  .^raimlT,  nr'^i;  T'^"^''  -'^r'  ^^'^  ^^T"^'  °'  ^""e^'  t'^^y  may  appear  in  the  urine. 
U  gianules  of  cinnabar  or  indigo  are  injected  into  the  blood,  they  are  taken  up 
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leucocytes,  and  by  them  are  carried  outside  the  blood-stream.  The  cells  of  the  splenic  pulp 
marrow  of  bone,  and  the  liver  also  take  up  these  particles  {Siebul).  ' 

The  salts  remain  very  persistently  in  the  blood.  The  withdrawal  of  common  salt  produces 
albuminuria,  and,  if  all  salts  be  withheld,  paralytic  phenomena  occur  (Fonicr).  Over-feeding 
with  salted  food,  such  as  salt  meat,  has  caused  death  through  latty  degeneration  of  the  tissues 
especially  of  the  glands.  Withdrawal  of  lime  and  phosphoric  acid  jjroduces  atrophy  and  soften- 
ing of  the  bones.  In  infectious  diseases  and  dropsies  the  salts  of  the  blood  are  often  increased, 
and  diminished  in  inflammation  and  cholera.  [NaCl  is  absent  from  the  urine  in  certain  stages 
of  pneumonia,  and  it  is  a  good  sign  when  the  chlorides  begin  to  return  to  the  urine.]  [In 
scurvy  the  corpuscular  elements  are  diminished  in  amount,  but  we  have  not  precise  information 
as  to  the  salts,  although  this  disease  is  prevented,  in  persons  forced  to  live  upon  preserved  and 
salted  food,  by  a  liberal  use  of  the  salts— especially  potash  salts— of  the  organic  acids,  as  con- 
tained in  lime-juice.  In  gout  the  blood,  during  an  acute  attack,  and  also  in  chronic  gout, 
contains  an  excess  of  uric  acid  (Gan-od).} 

The  amount  of  fibrin  is  increased  in  inflammations  of  the  lung  and  pleura  [croupous 
pneumonia,  erysipela.s],  hence  such  blood  forms  a  criisla  phlogistica  (§  27).  In  other  diseases, 
where  decomposition  of  the  blood-corpuscles  occurs,  the  fibrin  is  increased,  perhaps  because  the 
dissolved  red  corpuscles  yield  material  for  the  formation  of  fibrin.  After  repeated  hjeraorrhages, 
Sigm.  Mayer  found  an  increase  of  fibrin.  Blood  rich  in  fibrin  is  said  to  coagulate  more  slovjly 
than  when  less  fibrin  is  jiresent — still  there  are  many  exceptions. 

(B)  (I.)  Diminution  of  the  Quantity  of  Blood,  or  its  Individual  Constituents. — (1)  Oligaemia 
vera,  Anaemia,  or  diminution  of  the  quantity  of  blood  as  a  whole,  occurs  whenever  there  is 
hemorrhage.  Life  is  endangered  in  newly-born  children  when  they  lose  a  few  ounces  of  blood  ; 
in  children  a  year  old,  on  losing  half  a  pound  ;  and  in  adults,  when  one-half  of  the  total  blood 
is  lost.  Women  bear  loss  of  blood  much  better  than  men.  The  periodical  formation  of  blood 
after  each  menstruation  seems  to  enable  blood  to  be  renewed  more  rapidly  in  their  case.  Stout 
persons,  old  people,  and  children  do  not  bear  the  loss  of  blood  well.  The  more  rapidlj'  blood 
is  lost,  the  more  dangerous  it  is.  [A  moderate  loss  of  blood  is  soon  made  up,  but  the  fluid  part 
is  more  quickly  restored  than  are  the  corpuscles.] 

Symptoms  of  Loss  of  Blood. — Great  loss  of  blood  is  accompanied  by  general  paleness  and 
coldness  of  the  cutaneous  surface,  increased  oppression,  twitching  of  the  eyeballs,  noises  in  the 
ears  and  vertigo,  loss  of  voice,  great  breathlessuess,  stoppage  of  secretions,  coma  ;  dilatation  of 
the  pupils,  involuntary  evacuations  of  uriue  and  faeces,  and  lastly,  general  convulsions,  are  sure 
signs  of  death  by  haemorrhage.  In  the  gravest  cases  recoverj'  is  only  possible  by  means  of 
transfusion.  Animals  can  bear  the  loss  of  one-fourth  of  their  entire  blood  without  the  blood- 
pressure  in  the  arteries  permanently  falling,  because  the  blood-vessels  contract  and  accommodate 
themselves  to  the  smaller  quantity  of  blood  (in  consequence  of  the  stimulation  of  the  vasomotor 
centre  in  the  medulla).  The  loss  of  one-third  of  the  total  blood  diminishes  the  blood-pressure 
considerably  (one-fourth  in  the  carotid  of  the  dog).  If  the  hfemorrhage  is  not  such  as  to  cause 
death,  the  fluid  part  of  the  blood  and  the  dissolved  salts  are  restored  by  absorption  from  the 
tissues,  the  blood-pressure  gradually  rises,  and  then  the  albumin  is  restored,  though  a  longer 
time  is  required  for  the  formation  of  red  corpuscles.  At  first,  therefore,  the  blood  is  abnormally 
rich  in  water  (hydraemia),  and  at  last  abnormally  poor  in  corpuscles  (oligocythasmia,  hypoglo- 
bulie).  With  the  increased  lymph-stream  which  pours  into  the  blood,  the  colourless  corpuscles 
are  considerably  increased  above  normal,  and  during  the  period  of  restitution  fewer  red  corpuscles 
seem  to  be  used  up  (e.^.,  for  bile). 

After  moderate  bleeding  from  an  artery  in  animals,  Buntzen  observed  that  the  volume  of  the 
blood  was  restored  in  several  hours  ;  after  more  severe  lu-emorrhage  in  24  to  48  hours.  The  red 
blood-corpuscles,  after  a  loss  of  blood  equal  to  I'l  to  4-4  per  cent,  of  the  body-weight,  are 
restored  only  after  7  to  34  days.  The  regeneration  hegms  after  24  hours.  During  the  period 
of  regeneration  the  number  of  the  blood-corpuscles  in  an  early  stage  of  development  is  increased. 
The  newly-formed  corpuscles  contain  less  Hb  than  normal  [Jac.  G.  OH).  Even  in  man  the 
duration  of  the  period  of  regeneration  depends  upon  the  amount  of  blood  lost  {Lyon).  The 
amount  of  hajmoglobin  is  diminished  nearly  in  proportion  to  the  amount  of  the  hajmorrhage 
{Bizzozcro  and  Salvioli). 

Metabolism  in  Anaemia. — The  condition  of  the  inetdbolism  within  the  bodies  of  anaemic 
persons  is  important.  The  decomposition  of  proteids  is  increased  (the  same  is  the  case  in 
hunger),  hence  the  excretion  of  urea  is  increased  {Bmicr).  The  decomposition  of  fats,  on  the 
conti'ary,  is  diminished,  which  stands  in  relation  with  the  diminution  of  COo  given  oli. 
AnfEinic  and  chlorotic  persons  put  on  fat  easily.  The  fattening  of  cattle  is  aided  by  occasional 
bleedings  and  by  intercurrent  periods  of  hunger  {Aristotle). 

(2)  An  excessive  thickening  of  the  blood  through  loss  of  water  is  called  Oligaemia  sicca. 
This  occurs  in  man  after  copious  watery  evacuations,  as  in  cholera,  so  that  the  thick  tarry 
blood  stagnates  in  the  vessels.  Perhaps  a  similar  condition— though  to  a  less  degree— may 
•exist  after  very  copious  perspiration.  _      „  ,  n^• 

(.3)  If  the  proteids  in  blood  be  abnormally  diminished  the  condition  is  called  Oligsemia 
hypalbuminosa ;  they  may  be  diminished  about  one-half.    They  are  usually  replaced  by  au 
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excess  of  water  in  tlie  blood  [so  that  the  blood  is  watery,  constituting  hydraemia].  '  Loss 
of  albumin  from  the  blood  is  caused  directly  by  albuniiuuria  (25  grams  of  albumin  may  be 
given  ofl'  by  the  urine  daily),  persistent  suppuration,  great  loss  of  milk,  extensive  cutaneous 
ulceration,  albuminous  diarrhcea  (dysentery).  Frequent  and  copious  hfcmorrhages,  however, 
by  increasing  the  absorption  of  water  into  the  vessels,  at  Jirst  produce  oligajmia  hy])albumiuosa'. 

■  For  the  abnormal  changes  of  the  red  and  white  blood-corpuscles,  see  §  10  :  for  Hsemophilia' 
§  28. 

[Organisms  in  the  Blood. — The  presence  of  animal  and  vegetable  parasites  in  the  blood  gives 
rise  to  certain  diseases.    Some  of  these,  and  especially  the  vegetable  organisms,  have  the  power 
of  multiplying  in  the  blood.    The  vegetable  forms  belonging  to  the  schizomycetes  are  frequently 
spoken  of  collectively  under  the  title  bacteria.    They  are  classified  by  Cohn  into 
I.  Sphairobaeteria.  |   III.  Desmobacteria 


II.  Microbacteria,  exhibit  movements. 
These  forms  are  shown  in  fig.  23 
termo  (B)  is  an  example  of  II. 
(Bacillus,  D)  or  wavy  (Vibrio,  C) 


IV. 


Spirobacteria   \  ^""^'"^^^  movements. 
The  micrococci  (A)  are  examples  of  I.  ;  while  Bacterium 
In  III.  the  members  are  short  cylindrical  rods,  straight 
Splenic  fever  of  cattle  is  due  to  the  presence  of  Bacillus 


anthracis  (fig.  24).    These  rod-shaped  bodies  under  proper  conditions  divide  transversely  and 


2W/ 


Fig.  2.3. 

A,  micrococcus  ;  B,  bacterium  ;  C,  vibrios  ; 
D,  bacilli ;  E,  spirillum. 


Fig.  24.  ■ 

Bacillus  anthracis  from  the  blood  (ox)  in 
splenic  fever. 


elongate,  but  they  also  form  spores  in  their  interior,  which  in  turn  under  appropriate  conditions 
may  geminate  (fig.  24).  Class  IV.  is  represented  by  two  genera,  Spirochajta  and  Spirillum 
(fig.  23),  the  former  with  close,  and  the  latter  with  open  spirals.  The  Spirochajta  Obermeieri 
(often  spoken  of  as  "Spirillum")  is  present  in  the  blood  during  the  paroxysms  in  persons 
suflermg  from  relapsing  fever.  Amongst  animal  parasites  are  Filaria  sanguinis,  and  BUharzia 
Miematobia,  which  occurs  in  the  portal  vein  and  in  the  veins  of  the  urinary  apparatus.] 
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42.  GENERAL  VIEW. — The  blood  within  the  vessels  is  in  a  state  of  continual 
motion,  being  carried /Vo/w  the  ventricles  by  the  large  arteries  (aorta  and  pulmonary) 

and  their  branches  •  to  the  system  of  aipillary 
vessels,  from  which  again  it  passes  into  the  veins 
that  end  in  the  atria  of  the  auricles  (IP.  Hai-vey, 
1628). 

The  cause  of  the  circulation  is  the  difference  of 
presmre  which  exists  between  the  blood  in  the 
aorta  and  pulmonary  artery  on  the  one  hand,  and 
the  two  venae  cavse  and  the  four  pulmonary  veins 
on  the  other.  The  blood,  of  course,  moves  con- 
tinually in  its  closed  tubular  system  in  the  direction 
of  least  resistance.  The  greater  the  difference  of 
pressure,  the  more  rapid  the  movement  will  be. 
The  cessation  of  the  difference  of  pressure  (as  after 
death)  naturally  brings  the  movement  to  a  stand- 
still (§  81).  The  circulation  is  usually  divided 
into — 

(1)  The  greater,  or  systemic  circulation, 

which  includes  the  course  of  the  blood  from  the 
left  auricle  and  left  ventricle,  through  the  aorta  and 
all  its  branches,  the  capillaries  of  the  body  and  the 
veins,  until  the  two  venfe  cavaj  terminate  in  the 
right  auricle. 

(2)  The  lesser,  or  pulmonic  circulation,  which 
includes  the  course  from  the  right  auricle  and  right 
ventricle,  the  pulmonary  artery,  the  pulmonary 
capillaries,  and  the  four  pulmonary  veins  springing 
from  them,  until  these  open  into  thg  left  auricle. 

(3)  The  portal  circulation  is  sometimes  spoken 
of  as  a  special  circulatory  system,  although  it  repre- 
sents only  a  second  set  of  capillaries  (within  the 
liver)  introduced  into  the  course  of  a  venous  trunk. 
It  consists  of  the  vena  portarum— formed  by  the 
union  of  the  intestinal  or  mesenteric  and  splenic 
veins,  and  it  passes  into  the  liver,  where  it  divides 
into  capillaries,  from  which  the  hepatic  veins  arise. 
The  hepatic  vein  joins  the  inferior  vena  cava. 

Stri.tlv  stieakiuc  however,  there  is  no  special  portal  circulation.  Similar  arrangements 
occur  iuarSalB  in  aifferent  organs.  c.<j\  snake's  have  such  a  system  m  their  supi-a-renal 


Fig.  25. 

Scheme  of  the  circulation. — a,  right, 
h,  left  auricle  ;  A,  right,  B,  left 
ventricle;  1,  pulmonary  artery; 
2,  aorta  ;  I,  area  of  pulmonary,  K, 
area  of  systemic  circulation  ;  o,  the 
superior  vena  cava;  G,  area  sup- 
plying the  inferior  vena  cava,  u  ; 
d,  d,  intestine;  m,  mesenteric 
artery  ;  q,  portal  vein  ;  L,  liver  ; 
h,  hepatic  vein. 


STEUCTUEE  AND  MUSCULAE  FIBEES  OF  THE  HEAET. 


capsules,  and  the  frog  iu  its  kidneys.  When  an  arlei-y  splits  up  into  line  branches  dming  its 
course,  and  these  branches  do  not  form  capillaries,  but  reunite  into  an  arterial  tnink,  a  rete 
mirabile  is  formed,  such  as  occurs  in  apes  and  the  edentata.  Microscopic  retia  mirabilia  exist 
in  the  human  mesentery  {Schdbl).  Similar  arrangements  may  exist  in  connection  with  veins, 
giving  rise  to  venous  rclia  mirabilia. 

43.  THE  HEART.— The  muscular  fibres  of  the  mammalian  heart  consist  of  short  (50  to 
70  in  man),  very  fine,  transversely  striated  iibres,  which  are  actual  unicellular  elements,  devoid 
of  a  sarcolemma  (15  to  25  ju  broad),  and  usually  divided  at  their  blunt  ends,  by  which  means  they 
anastomose  and  form  a  network  (tig.  26,  A,  B).    The  individual  muscle-cells  contain  in  their 


Fig.  26. 

A,  muscular  fibres  from  the  heart  of  a  mammal,  and  C  from  a  frog  ;  B,  transverse  section  of  the 
cardiac  fibres  ;  h,  connective-tissue  corpuscles  ;  c,  capillaries. 

centre  an  oval  nucleus,  and  are  held  together  by  a  cement  which  is  blackened  by  silver  nitrate, 
and  dissolved  by  a  33  per  cent,  solution  of  caustic  potash.  This  cement  is  also  dissolved 
by  a  40  per  cent,  solution  of  nitric  acid.  The  transverse  striae  are  not  very  distinct, 
and  not  un  frequently  there  is  an  appearance  of  longitudinal  striation,  produced  by  a 
number  of  very  small  granules  arranged  in  rows  within  the  fibres.  The  fibres  are  gathered 
lengthwise  m  bundles,  or  fasciculi,  surrounded  and  separated  from  each  other  by  delicate 
processes  of  the  perimysium.  When  the  connective-tissue  is  dissolved  by  prolonged  boiling, 
these  bundles  can  be  isolated,  and  constitute  the  so-called  "fibres"  of  the  heart.  The 
transverse  sections  of  the  bundles  iu  the  auricles  are  polygonal  or  rounded,  while  in  the 
ventricles  they  are  somewhat  flattened.  [The  muscular  mass  of  the  heart  is  called  tlie 
myocardium,  and  is  invested  by  fibrous  tissue.  It  is  important  to  notice  that  the  connective- 
tissue  of  the  visceral  pericardium  (epicardium)  is  continuous  with  that  of  the  endocardium  by 
means  of  the  perimysium  surrounding  the  bundles  of  muscular  fibres.]  The  fine  spaces  which 
exist  between  these  bundles  form  narrow  lacunue,  lined  with  epithelium,  and  constituting  part 
of  the  lymphatic  system  of  the  heart. 

[The  cardiac  muscular  fibres  occupy  an  intermediate  position  between  striped  and  plain 
muscular  fibres.  Although  they  are  striped,  they  are  involuntary,  not  being  directly  under  the 
influence  of  the  will,  while  they  contract  more  slowly  than  a  voluntary  muscle  of  the  skeleton.] 
In  the  frogs  heart  the  muscular  fibres  are  in  shape  elongated  spindles,  or  fusiform,  in  this 
respect  resembling  the  plain  muscle-cells,  but  they  are  transversely  sti-iped  (fig.  26  C).  They 
are  easily  isolated  by  means  of  a  33  per  cent,  solution  of  potash  or  dilute  alcohol. 

44.  AERANGEMENT  OF  THE  CARDIAC  MUSCULAR  FIBRES.— The 

study  of  the  embryonic  heart  is  the  key  to  a  proper  understanding  of  the  complicated 
arrangement  of  the  fibres  in  the  adult  heart.  The  simple  tubular  heart  of  the 
embryo  has  an  outer  circular  and  an  inner  loiigitudinal  layer  of  fibres.  The  septum 
IS  formed  later ;  hence,  it  is  clear  that  a  part,  at  least,  of  the  fibres  must  be 
common  to  the  two  auricles,  and  a  part  also  to  the  two  ventricles,  since  there  is, 
origmally,  but  one  chamber  in  the  heart.  The  muscular  fibres  of  the  auricles  are, 
however,  completely  separated  from  those  of  the  ventricles  by  the  fibro-cartilaginous 
nngs.  In  the  auricles  the  fundamental  arrangement  of  the  embryonic  fibres  partly 
remains,  while  in  the  ventricles  it  becomes  obscured  as  tlie  cavities  undergo  a  sac- 
like dilatation,  and  also  become  twisted  iu  a  spiral  manner. 
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(I)  The  muscular  fibres  in  the  auricles  are  completely  separated  from  the  fibres 
of  the  ventricles  by  the Jibrojis  rings  which  surround  the  auriculo-ventricular  orifices, 
and  which  serve  as  an  attachment  for  the  auriculo-ventricular  valves  (fig.  27  I)' 
The  auricles  are  much  thinner  than  the  ventricles,  and  their  fibres  are  generally 
arranged  m  two  layers ;  the  outer  transverse  layer  is  continuous  over  both  auricles 
whilst  the  inner  one  is  directed  longitudinally.  The  outer  transverse  fibres  may  be 
traced  from  the  openings  of  the  venous  trunks  anteriorly  and  posteriorly  over  the 
auricular  walls.  The  longitudinal  fibres  are  specially  well  marked  where  they  are 
inserted  into  the  fibro-cartilaginous  rings,  while  in  some  parts  of  the  anterior 
auricular  wall  they  are  not  continuous.  In  the  auricular  septum,  some  fibres, 
circularly  disposed  around  the  fossa  ovalis  (formerly  the  embryonic  opening  of  the 
foramen  ovale),  are  well  marked.  Circular  bands  of  striped  muscle  exist  around 
the  veins  where  they  open  into  the  heart ;  these  are  least  marked  on  the  inferior 
vena  cava,  and  are  stronger  and  reach  higher  (2 '5  cm.)  on  the  superior  vena  cava 
(fig.  27,  II),  Similar  fibres  exist  around  the  pulmonary  veins,  where  they  join  the 
left  auricle,  and  these  fibres  (which  are  arranged  as  an  inner  circular  and  an  outer 
longitudinal  layer)  can  be  traced  to  the  hilus  of  the  lung  in  man  and  some 


Fig.  27. 

I.  Course  of  the  muscular  fibres  on  the  left  auricle  with  the  outer  transverse  and  inner  longi- 
tudinal fibres,  the  circular  fibres  on  the  pulmonary  veins  (v.  ^;.) ;  V,  the  left  ventricle  {John 
Eeid).  II.  Arrangement  of  the  striped  muscular  fibres  on  the  superior  vena  cava  {Elischcr) 
— a,  opening  of  vena  azygos  ;  v,  auricle. 


mammals  ;  in  the  ape  and  rat  they  extend  on  the  pulmonary  veins  right  into  the 
lung.  In  the  mouse  and  bat,  again,  the  striped  muscular  fibres  pass  so  far  into 
the  lungs  that  the  walls  of  the  smaller  veins  are  largely  composed  of  striped  muscle 
{Stieda). 

Circular  muscular  fibres  are  found  where  the  vena  magna  cordis  enters  the  heart, 
and  in  the  Valvula  Thehesii  which  guards  it. 

Physiological  Significance. — (1)  The  auricles  contract  independently  of  the 
ventricles.  This  is  seen  when  the  heart  is  about  to  die ;  when  there  may  be  several 
auricular  contractions  for  one  ventricular,  and  at  last  only  the  auricles  pulsate. 
The  auricular  portion  of  the  right  auricle  beats  longest ;  hence  it  is  called  the 
"  ultimura  moriens."  Independent  rhythmical  contractions  of  the  venaj  cav£e  and 
pulmonary  veins  are  often  noticed  after  the  heart  has  ceased  to  beat.  [This  beating 
can  also  be  observed  in  those  veins  in  a  rabbit  after  the  heart  is  cut  out  of  the 
body.] 

(2)  The  double  arrangement  of  the  fibres  (transverse  and  longitudinal)  produces 
a  simultaneous  and  uniform  diminution  of  the  auricular  cavity  (such  as  occurs  in 
most  of  the  hollow  viscera). 

(3)  The  contraction  of  the  circular  muscular  fibres  around  the  venous  orifices, 
and  the  subsequent  contraction  of  the  auricle,  cause  these  veins  to  empty  themselves 
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into  the  auricle  ;  and  by  their  presence  and  action  they  prevent  any  large  quantity 
of  blood  from  passing  backward  into  the  veins  when  the  auricle  contracts.  [No 
valves  are  present  in  the  superior  and  inferior  vena  cava  in  the  adult  heart,  or  in 
the  pulmonary  veins,  hence  the  contraction  of  these  circular  muscular  fibres  plays 
an  important  part  in  preventing  any  reflux  of  blood  during  the  contraction  of  the 
auricles.] 

45.  ARRANGEMENT  OF  THE  VENTRICULAR  FIBRES.— (2)  The 
muscular  fibres  in  the  thick  wall  of  the  ventricles  are  arranged  in  several  layers 
(fig.  28,  A)  under  the  pericardium.  First,  there  is  an  outer  longitudinal  layer  (A) 
which  is  in  the  form  of  single  bundles  on  the  right  ventricle,  but  forms  a  complete 
layer  on  the  left  ventricle,  where  it  measures  about  one-eighth  of  the  thickness  of 
the  ventricular  wall.  A  second  longitudinal  layer  of  fibres  lies  on  the  inner  surface 
of  the  ventricles,  distinctly  visible  at  the  orifices,  and  within  the  vertically  placed 
papillary  muscles,  whilst  elsewhere  it  is  replaced  by  the  irregularly  arranged 
trabeculee  carnese.  Between  these  two  layers  there  lies  the  thickest  layer,  consisting 
of  more  or  less  transversely  arranged  bundles,  which  may  be  broken  up  into  single 
layers  more  or  less  circularly  disposed.  The  deep  lymphatic  vessels  run  between  the 
layers,  whilst  the  blood-vessels  lie  within  the  substance  of  the  layers,  and  are  sur- 
rounded by  the  primitive  bundles  of  muscular  fibres.  All  three  layers  are  not 
completely  independent  of  each  other;  on  the  contrary,  the  fibres  which  run 
obliquely  form  a  gradual  transition  between  the  transverse  layers  and  the  inner  and 
outer  longitudinal  layers.    It  is  not,  however,  quite  correct  to  assume  that  the 


A 


Course  of  the  ventricular  muscular  fibres.  A,  on  the  anterior  surface  ;  B,  view  of  the  apex  with 
the  vortex ;  C,  course  of  the  fibres  within  the  ventricular  wall ;  D,  fibres  passing  into  a 
papillary  muscle. 

outer  longitudinal  layer  gradually  passes  into  the  transverse,  and  this  again  into 
the  inner  longitudinal  layer  (as  is  shown  schematically  in  C)  ;  because,  as  Henle 
pointed  out,  the  transverse  fibres  are  relatively  far  greater  in  amount.  In  general, 
the  oiiter  longitudinal  fibres  are  so  arranged  as  to  cross  the  inner  longitudinal  layer 
at  an  acute  angle.  The  transverse  layers  lying  between  these  two  form  gradual 
transitions  between  these  directions.  At  the  apex  of  the  left  ventricle,  the  outer 
longitudinal  fibres  bend  or  curve  so  as  to  meet  at  the  so-called  vortex  B,  where  they 
enter  the  muscular  substance,  and,  taking  an  upward  and  inward  direction,  reach 
the  papillary  muscles,  P,  D  ;  although  it  is  a  mistake  to  say  that  all  the  bundles 
which  ascend  to  the  papillary  muscles  arise  from  the  vertical  fibres  of  the  outer 
surface  :  many  seem  to  arise  independently  within  the  ventricular  wall.  According 
to  Henle,  all  the  external  longitudinal  fibres  do  not  arise  from  the  fibrous  rings  or 
the  roots  of  the  arteries.  The  mitral  orifice  is  surrounded  by  circular  fibres  which 
act  like  a  sphincter  (Ilenle)^ 
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Fig.  29. 


[The  nssumption  tliat  the  muscles  of  the  ventricle  are  arranged  so  as  to  form  a  figure  of  8,  or 
in  loops,  seems  to  be  incorrect ;  thus,  fibres  arc  said  to  arise  at  the  base  of  the  ventricle,  to  pass 
over  it,  and  to  reach  the  vortex,  where  they  pass  into  the  interior  of  the  muscular  substance,  to 
end  either  in  the  jiajiillnry  muscles  or  high  up  on  the  inner  surface  of  the  heart  at  its  base. 
Figs.  C  and  D  give  a  schematic  representation  of  this  view.] 

Only  the  general  arrangement  of  the  ventricular  muscular  fibres  has  been  indicated.  Accord- 
ing to  Pettigrew,  there  are  seven  layers  in  the  ventricle,  viz.,  three  external,  a  fourth  or 
central  layer,  and  three  internal.  These  internal  layers  are  continuous  with  the  corresponding 
external  layers  at  the  apex,  thus — one  and  seven,  two  and  six. 

46.  PEBIGARDIUM,  ENDOCAEDIUM,  VALVES.— The  pericardium  encloses  within  its  two 
layers  [visceral  and  parietal]  a  lymph  space — the  pericardial  space — which  contains  a  small 

quantity  of  lymph— the  pericardial  fluid.  It 
has  the  structure  of  a  serous  membrane,  i.e., 
it  consists  of  connective -tissiic  mixed  with  fine 
elastic  fibres  arranged  in  the  form  of  a  thin 
delicate  membrane,  and  covered  on  its  free 
surfaces  with  a  single  layer  of  epithelium  or 
endothelium,  composed  of  irregular,  polygonal, 
'  flat  cells.  A  rich  lymphatic  netvjork  lies  under 
the  pericardium  (fig.  29)  and  endocardium  ; 
also  in  the  deeper  layers  of  the  visceral  peri- 
cardium next  the  heart  and  between  muscular 
bundles  (Salvioli).  No  stomata  exist  either 
on  its'visceral  or  parietal  layers.  Around  the 
coronary  arteries  of  the  heart  exist  lymph- 
vessels  and  deposits  of  fat,  which  lie  in  the 
furrows  and  grooves  in  the  subserosa  of  the 
epicardium  (visceral  layer). 

The  endocardium,  next  the  cavity  of  the 
heart,  consists  of  a  single  layer  of  polygonal, 
flat,  nucleated  endothelial  cells.    [Under  this 
Lymphatic  of  the  pericardium,  epithelium  stained  there  is  a  nea,rly  homogeneous  hyaline  layer 
with  nitrate  of  silver.  (^g-  30,  a),  slightly  thicker  on  the  left  side 

which  gives  the  endocardium  its  polished 
appearance.]  Then  follows,  as  the  basis  of  the  membrane,  a  layer  of  fine  elastic  fibres — stronger 
in  the  auricles,  and  in  some  places  thereoit  assuming  the  characters  of  a  fenestrated  membrane. 

Between  these  fibres  a  small  quantity  of 
connective-tissue  exists,  which  is  in  larger 
amount  and  more  areolar  in  its  characters 
next  the  myocardium.  Bundles  of  non- 
striped  muscular  Sbres  (few  in  the  auricles) 
are  scattered  and  arranged  for  the  most 
part  longitudinally  between  the  elastic 
fibres.  These  seem  evidently  meant  to 
resist  the  distention  which  is  apt  to  occur 
when  the  heart  contracts  and  great  pres- 
sure is  put  upon  the  endocardium.  In  all 
cases  where  high  pressure  is  put  upon  walls 
composed  of  soft  parts,  we  always  find 
muscular  fibres  present,  and  never  elastic 
Section  of  the  endocardium,  a,  hyaline  layer;  b,  fibres  alone,  m  blood-vessels  occxxv  in  th^ 
network  of  fine  elastic  fibres  ;  e,  network  of  endocardium  {Laiigcr). 
stronger  elastic  fibres;  d,  myocardium  with  The  valves  also  belong  to  the 
blood-vessels,  which  do  not  pass  into  the  endo-  endocardium — both  the  semi-luiiar 
cardium.  valves  of  the  aorta  and  pulmonary 

artery,  which  prevent  the  blood  from  passing  back  into  the  ventricles,  and  the 
tricuspid  {right  auriculo-ventricular)  and  mitral  {left  auriculo-ventricular),  which 
protect  the  auricles  from  the  same  result.  The  lower  vertebrata  have  valves  in  the 
orifices  of  the  venae  cava^,  which  prevent  regurgitation  into  them ;  while  in  birds 
and  some  mammals  these  valves  exist  in  a  rudimentary  condition.  The  valves  are 
lixed  by  their  base  to  resistsLnt  fibrous  rimjs,  consisting  "of  elastic  and  fibrous  tissue. 
They  are  formed  of  two  layers— (1)  the  fibrom,  which  is  a  direct  continuation  of 
the  fibrous  rings,  and  (2)  a  layer  of  clastic  elements.    The  elastic  layer  of  the 
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auriculo-ventricular  valves  is  an  immediate  prolongation  of  the  endocardium  of  the 
auricles,  and  is  directed  towards  the  auricles.  The  semi-lunar  valves  have  a  thin 
elastic  layer  directed  towards  the  arteries,  which  is  thickest  at  their  base.  The 
connective-tissue  layer  directed  towards  the  ventricle  is  about  half  the  thickness 
of  the  valve  itself. 

The  auriculo-ventricular  valves  also  contain  striped  muscular  fibres.  Radiating 
fibres  proceed  from  the  auricles  and  pass  into  the  valves,  which,  when  the  atria 
contract,  retract  the  valves  towards  their  base,  and  thus  make  a  larger  opening  for 
the  passage  of  the  blood  into  the  ventricles  ;  according  to  Paladino,  they  raise  the 
valves  after  they  have  been  pressed  down  by  the  blood-current.  This  observer  also 
described  some  longitudinal  fibres  which  proceed  from,  the  ventricles  to  enter  these 
valves.  There  is  also  a  concentric  layer  of  fibres  arranged  near  their  point  of 
attachment,  and  directed  more  towards  their  ventricular  surface.  These  fibres 
seem  to  contract  sphincter-like  when  the  ventricle  contracts,  and  thus  approximate 
the  base  of  the  valves,  and  so  prevent  too  great  tension  being  put  upon  them.  The 
larger  chordie  tendinese  also  contain  striped  muscle,  while  a  delicate  muscular 
network  exists  in  the  valvula  Thebesii  and  valvula  Eustachii. 

Purkinje's  Fibres  consist  of  an  anastomosing  system  of  greyish  fibres  which  exist  in  the  sub- 
endocardial tissue  of  the  ventricles,  especially  in  the  heart  of  tlie  sheep  and  ox.  The  fibres  are 
made  up  of  polyhedral  clear  cells,  containing  some  granular  protoplasm,  and  usiially  two  nuclei 
(fig.  31).  The  margins  of  the  cells  are  striated.  Transition-forms  are  foi;nd  between  these  cells 
and  the  ordinary  cardiac  fibres  ;  in 


fact,  these  cells  become  continuous 
with  the  true  fully  developed  cardiac" 
fibres.  They  represent  cells  which 
liave  been  arrested  in  their  develop- 
ment. They  are  absent  in  man  and  / 
the  lower  vertebrates,  but  in  birds  and 
some  mammals  they  are  well  marked 
{Schiceigger-Seidel,  Ranvier). 
Blood- Vessels  occur  in  the  auriculo- 


venti-icular  valves  only  where  muscular  y 
fibres  are  present,  while  the  semi-lunar  ■ 
valves  are  usually  devoid  of  vessels 
except  at  their  base.  The  best  figures 
of  the  blood-vessels  of  the  valves  are 
given  by  Langer.  The  network  of 
lymphatics  in  the  endocai-dium  reaches  ,  pj^,  g-^ 

towards  the  middle  of  the  valves.         -n    ^  ■  •  ,  .   ,     ,      ,  i.. 

Weight  of  the  Heart. —According  ^  i^r^inje  s  fibres  isolated  with  dilute  alcohol,  c,  cell ; /, 
to  W.  Miiller  the  proportion  between  sti-iated  substance  ;  n,  nucleus,    x  300. 

the  weight  of  the  body  and  the  heart  in  the  child,  and  until  the  body  reaches  40  kilos.,  is  5 
grms.  of  heart-substance  to  1  kilo,  of  body-weight ;  when  the  body-weight  is  from  50  to  90 
kilos,  the  ratio  is  1  kilo,  to  4  grms.  of  heart-substance  ;  at  100  kilos.  3-5  grms.  As  age  advances, 
the  auricles  become  stronger.  The  right  ventricle  i§  half  the  weight  of  the  left.  The  weight 
of  the  heart  of  an  adult  mau  is  about  309  grms. ;  female,  274  grms.  [According  to  Laennee  the 
heart  is  about  the  size  of  the  closed  fist  of  the  individual.]  Blosfeld  and  Dieberg  give  346  (^rms 
for  the  male,  and  310  to  340  grms.  for  the  female  heart.  The  specific  gravity  of  the  heart- 
muscle  is  1  -069.  The  thickness  of  the  left  ventricle  in  the  middle  in  man  is  11-4  mm  and  in 
woman  11 15  ;  that  of  the  right  is  4-1  and  3-6  mm.  respectively. 

47.  AUTOMATIC  REGULATION  OF  THE  HEAET.-Anatomicallnvestigations. -The  two 
coronary  arteries  arise  Irom  the  first  part  of  the  aorta  in  the  region  of  the  sinus  of  Valsalva  The 
position  ot  ongin  varies— (1)  either  the  orifices  lie  within  the  sinus,  or  (2)  their  openinc/s  are 
only  partially  reached  by  the  margins  of  the  semi-lunar  valves  (which  is  ummlly  the  case  in  the 
teft  coronary  artery  of  mau  and  the  ox),  or  (3)  their  orifices  lie  clear  above  the  margins  of  the 
valves.  Post-mortem  observations  seem  to  show  that  during  contraction  of  the  ventricle  it  is 
very  improbable  that  the  semi-lunar  valves  constantly  cover  the  origin  of  the  coronary  arteries. 

Automatic  Eegulation  of  the  Heart— Briicke  attempted  to  show  that  during 
the  systole,  or  contraction  of  the  ventricle,  the  semi-lunar  valves  covered  the 
openings  of  the  coronary  arteries,  so  that  these  vessels  could  be  filled  with  blood 
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only  during  the  diastole  or  relaxation  of  the  ventricle.  To  him  it  seemed  that  (a) 
the  diastolic  filling  of  the  coronary  arteries  would  help  to  dilate  the  ventricles  ; 
(b)  on  the  contrary,  a  systolic  filling  of  these  arteries  would  oppose  the  contraction,' 
because  the  systolic  filling  and  expulsion  of  the  blood  from  the  coronary  arteries 
would  diminish  the  force  of  the  ventricular  contraction.  [To  this  supposed 
arrangement  Briicke  gave  the  name  "  Selbststeuerung,"  which  may  be  rendered  as 
above,  or  as  "  self-controlling  "  action  of  the  heart  by  the  aortic  valves.] 

Arguments  against  Brucke's  View.— The  following  considerntio7is  militate  against  this 
theory  :— (1)  Filling  the  coronary  vessels  under  a  high  pressure  in  a  dead  heart  causes  a 
diminution  of  the  ventricular  cavity  (v.  Wittich).  (2)  The  chief  trunks  of  the  coronary  arteries 
lie  in  loose  sub-pericardial  fatty  tissue  in  the  cardiac  sulci,  lieuce  a  dilatation  of  the  ventricle 
through  this  agency  is  most  unlikely  {Laiulois).  (3)  E.xperiments  on  animals  have  shown  tliat 
a  coronary  artery  spouts,  like  all  arteries,  during  the  systole  of  the  ventricle.  Von  Ziemssen 
found  that  in  the  case  of  a  woman  who  had  a  large  part  of  the  anterior  wall  of  the  thorax 
removed  by  an  operation,  the  heart  being  covered  only  by  a  thin  membrane,  the  pulse  in  the 
coronary  arteries  was  synchronous  with  the  pulse  in  the  pulmonary  artery.  H.  N.  ^Martin  and 
Sedgwick  placed  a  manometer  in  connection  with  the  coronary  artery,  and  another  with  the 
carotid  in  a  large  dog,  and  they  found  that  the  pulsations  occurred  simullancoiisly .  When 
a  coronary  artery  is  divided,  the  blood  flows  out  continuously,  but  undergoes  acceleration  during 
the  systole  of  the  ventricles  {Endemann,  Perls).  (4)  If  a  strong  intermittent  current  of  water 
be  allowed  to  flow  through  a  sulficiently  wide  tube  into  the  left  auricle  of  a  fresh  pig's  heart, 
so  that  the  water  passes  into  the  aorta,  and  if  the  aorta  be  provided  with  a  vertical  tube,  the 
water  flows  continuously  from  the  coronary  arteries,  aud  is  accelerated  during  the  systole. 
(5)  It  is  exceedingly  improbable  that  the  coronary  arteries  should  be  filled  during  the  diastole, 
while  all  the  other  arteries  are  filled  during  systole  of  the  ventricle.  (6)  There  is  always  a 
sufficient  quantity  of  blood  in  the  sinus  of  Valsalva  to  fill  the  arteries  during  the  first  part  of 
the  systole.  (7)  The  valves,  when  raised,  are  not  applied  directly  to  the  aortic  wall  {Bamberger, 
Riidinger)  even  by  the  most  energetic  pressure  from  the  ventricle  (Sandborg  and  Worm  Mullcr). 
(8)  Observations  on  voluntary  muscles  have  shown  that  the  small  arteries  dilate  during  con- 
traction of  the  muscle,  and  the  blood-stveam  is  accelerated.  (9)  By  the  systolic  filling  of  the 
aorta  the  arterial  path  is  elongated — this  elastic  distention  is  compensated  before  the  diastole 
occurs.  By  the  recoil  of  the  aortic  walls  the  layer  of  blood  in  them  is  driven  backwards  and 
closes  the  valves  {Ceradini).  According  to  Sandborg  and  AVorm  Miiller,  the  semilunar  valves 
close  just  after  the  ventricles  have  begun  to  relax,  which  agrees  with  the  curve  obtained  from 
the  cardiac  impulse  (fig.  39,  A). 

During  the  systole,  the  small  arterial  trunks  lying  next  the  ventricular  cavities 
have  to  bear  a  higher  pressure  than  that  borne  by  the  aorta,  and  their  lumen  must 
be  compressed  during  the  systole  so  that  their  contents  are  propelled  towards  the 
veins. 

Peculiarities  of  the  Cardiac  Blood-Vessels. — The  capillari/  vessels  of  the  myocardium  are 
very  numerous,  corresponding  to  the  energetic  activity  of  the  heart.  Where  they  pass  irito 
veins,  several  unite  at  once  to  form  a  wide  venous  trunk,  whereby  an  easy  passage  is  ottered  to 
the  blood.  The  vcijis  are  provided  with  valves  so  that  (1)  during  systole  of  the  right  auricle 
the  venous  stream  is  interrupted  ;  (2)  during  contraction  of  the  ventricles,  the  blood  in  the 
coronary  veins  is  similarly  accelerated  as  in  the  veins  of  muscles.  Tlie  coronary  arteries  are 
characterised  by  their  very  thick  connective-tissue  and  elastic  intima,  which  perhaps  accounts 
for  the  frequent  occurrence  of  atheroma  of  these  vessels  {Hcnle).  Some  observers  maintain  that 
the  coronary  arteries  do  not  anastomose,  but  this  is  denied  by  Langer  and  Krause.  [West  has 
injected  the  one  artery  from  the  other.]  Many  of  the  small  lower  vertebrates  have  no  blood- 
vessels in  their  heart-muscle,  e.g.,  frog  [Hyrll). 

Ligature  of  the  Coronary  Arteries. — The  iDhenomena  produced  by  partial 
obliteration  or  ligature  of  the  coronary  arteries  are  most  important.  In  man 
analogous  conditions  occur,  as  in  atheroma  or  calcification  of  these  arteries.  S^e 
and  others  have  ligatured  the  coronary  arteries  in  dogs,  and  found  that  after  two 
minutes  the  cardiac  contractions  gave  place  to  twitchings  of  the  muscular  fibres, 
and  ultimately  the  heart  ceased  to  beat.  Ligature  of  the  anterior  coronary  artery 
alone,  or  of  both  its  branches,  is  sufficient  to  produce  this  result.  If  the  coronary 
arteries  be  compressed  or  tied  in  a  rabbit  in  the  angle  between  the  bulbus  aorta? 
and  the  ventricle,  the  heart's  action  is  soon  weakened,  owing  to  the  sudden  anemia 
and  to  the  retention  of  the  decomposition-ijroducts  of  the  metabolism  in  the  heart- 
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muscle.  Ligature  of  one  artery  first  affects  the  corresponding  ventricle,  then  the 
other  ventricle,  and,  last  of  all,  the  auricles.  Hence,  compression  of  the  left 
coronary  artery,  (with  simultaneous  artificial  respiration  in  a  curarised  animal), 
causes  slowing  of  the  contractions,  especially  of  the  left  ventricle,  whilst  the  right 
one  at  first  contracts  more  quickly,  and  then,  gradually  its  rhythm  is  slowed. 
The  contractions  of  the  left  ventricle  are  not  only  slowed  but  also  weakened,  whilst 
the  right  pulsates  with  undiminished  force.  Hence  it  follows  that,  as  the  left  half 
of  the  heart  cannot  expel  the  blood  in  sufficient  quantity,  the  left  auricle  becomes 
filled,  whilst  the  right  ventricle,  not  being  affected,  pumps  blood  into  the  lungs. 
<Edema  of  the  lungs  is  produced  by  the  high  pressure  in  the  pulmonary  circulation, 
which  is  propagated  from  the  right  heart  through  the  pulmonary  vessels  into  the 
left  auricle  (Samuelson  and  Griinhagen).  According  to  Sig.  Mayer,  protracted 
dyspnoea  causes  the  left  ventricle  to  beat  more  feebly  sooner  than  the  right,  so  that 
the  left  side  of  the  heart  becomes  congested.  Perhaps  this  may  explain  the 
occurrence  of  pulmonary  oedema  during  the  death-agony. 

Cohnheim  and  v.  Scliulthess-Rechberg  found,  after  ligature  of  one  of  the  large  branches  of  a 
•coronary  artery  in  a  dog,  that  at  the  end  of  a  minute  the  pulsations  become  intermittent. 
This  intermittence  becomes  more  pronounced,  the  two  sides  of  the  heart  do  not  contract 
simultaneously  (arhythmia),  the  heart  beats  more  slowly,  and  the  blood-pressure  falls. 
Suddenly,  about  105  seconds  after  the  ligature  is  applied,  both  ventricles  cease  to  beat,  and 
there  is  a  gi'eat  fall  of  the  blood-pressure.  After  an  arrest  lasting  for  10  to  20  seconds, 
twitching  movements  occur  in  the  ventricles,  while  the  auricles  pulsate  regularly,  and  may 
continue  to.  do  so  for  many  minutes,  but  the  ventricles  cease  to  beat  altogether  after  50  seconds. 
According  to  Lukjanow,  there  is  a  peristaltic  condition  which  operates  upwards  and  downwards, 
and  occurs  in  the  period  between  the  regular  conti'action  and  the  twitching  vibratory  move- 
ment.   Stimulation  of  the  vagus  does  not  arrest  these  peristaltic  movements. 

Pathological. — In  so-called  sclerosis  of  the  coronary  arteries  in  old  age,  there  are  attacks  of 
diminished  cardiac  activity,  weakness  of  the  heart,  an  altered  rhythm  and  frequency,  with 
■consequent  breathlessness ;  there  may  also  be  loss  of  consciousness,  congestions,  and  attacks 
of  pulmonary  oedema.  Death  may  take  place  unexpectedly  from  sudden  arrest  of  the  heart's 
action. 

48.  MOVEMENTS  OF  THE  HEART.— Cardiac  Revolution.— The  movement 
of  the  heart  is  characterised  by  an  alternate  contraction  and  relaxation  of  its  walls. 
The  total  cardiac  movement  is  called  a  "  cardiac  revolution,"  or  a  "cardiac 

cycle,"  and  consists  of  three  acts — the  contraction  or  systole  of  the  auricles,  the 
contraction  or  systole  of  the  ventricles,  and  the  jmuse  (fig.  60).  During  the  pause, 
the  auricles  and  ventricles  are  relaxed  ;  during'  the  contraction  of  the  auricles  the 
ventricles  are  at  rest ;  whilst  during  the  contraction  of  the  ventricles  the  auricles 
are  relaxed.  The  rest  during  the  phase  of  relaxation  is  called  the  diastole.  The 
following  is  the  sequence  of  events  in  the  heart  during  a  cardiac  revolution : — • 

(A)  The  blood  flows  into  the  auricles,  and  thus  distends  them  and  the  auricular 
appendices.    This  is  caused  by — 

(1)  The  pressure  of  the  blood  in  the  vense  cavse  (right  side)  and  the  pulmonary 
veins  (leftside)  being  greater  than  the  pressure  in  the  auricles.  (2)  elastic 
traction  of  the  lungs  (§  68),  which,  after  complete  systole  of  the  auricles,  pulls 
asunder  the  now  relaxed  and  yielding  auricular  walls.  The  auricular  appendages 
are  also  filled  at  the  same  time,  and  they  act  to  a  certain  extent  as  accessory 
reservoirs  for  the  large  supply  of  blood  streaming  into  the  auricles. 

(B)  The  auricles  contract,  and  we  observe  in  rapid  succession — 

(1)  The  contraction  and  emptying  of  the  auricular  appendix  towards  the  atrium. 
Smiultaneously  the  mouths  of  the  veins  become  narrowed,  owing  to  the  contraction 
of  their  circular  muscular  fibres  (more  especially  the  superior  vena  cava  and  the 
pulmonary  veins) ;  (2)  the  auricular  walls  contract  simultaneously  towards  the 
auriculo-ventricular  valves  and  the  venous  orifices,  whereby  (3)  the  blood  is 
•driven  into  the  relaxed  ventricles,  which  are  considerably  distended  thereby. 

The  contraction  of  the  auricles  is  followed  by 
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(a)  A  slight  stagnation  of  the  blood  in  the  large  venous  trunks,  as  can  be 
observed  in  a  rabbit  after  division  of  the  pectoral  muscles  so  as  to  expose  the 
junction  of  the  jugular  with  the  subclavian  vein.  There  is  no  actual  regurgitation 
of  the  blood,  but  only  a  partial  interruption  of  the  inflow  into  the  auricles,  because 
the  mouths  of  the  veins  are  contracted,  and  the  pressure  in  the  superior  vena  cava 
and  pulmonary  veins  soon  holds  in  equilibrium  any  reflux  of  blood ;  and  lastly, 
because  any  reflux  into  the  cardiac  veins  is  prevented  by  valves.    The  movement 


Cast  of  the  ventricles  of  the  human  heart  viewed  from  hcliind  and  above  ;  the  walls  have  been 
removed,  and  only  the  fibrous  rings  and  the  auriculo-venti-icular  valves  are  retained.  L. 
left,  R,  right  ventricle  ;  S,  septum  ;  F,  left  fibrous  ring,  with  mitral  valve  closed ;  D, 
right  fibrous  ring,  with  tricuspid  closed  ;  A,  aorta,  with  the  left  {C^  and  right  (C)  coronary 
arteries ;  S,  sinus  of  Valsalva  ;  P,  pulmonary  artery. 


of  the  heart  causes  a  regular  pulsatile  phenomenon  in  the  blood  of  the  veme  cavse^ 
which  under  abnormal  circumstances  may  produce  a  venous  pulse  (see  §  99). 

(6)  The  chief  motor  effect  of  the  contraction  of  the  auricles  is  the  dilatation  of 
the  relaxed  ventricle,  which  has  already  been  dilated  to  a  slight  extent  by  the 
elastic  traction  of  the  lungs. 

Aspiration  of  the  Ventricles.  — The  dilatation  of  the  ventricles  has  been  ascribed  to  the 
elasticity  of  the  muscular  walls — the  strongly  contracted  ventricular  walls  (like  a  compressed 
india-rubber  bag),  in  virtue  of  their  elasticity,  are  supposed,  in  retin-ning  to  their  normal  resting 
form,  to  suck  in  or  aspirate  the  blood  under  a  negative  pressure  ;  this  power  on  the  part  of  the 
ventricle  is  not  great  (p.  59). 
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(c)  When  the  ventricles  are  distended  by  the  inflowing  blood,  the  auriculo- 
ventricular  valves  are  floated  up,  partly  by  the  recoil  or  reflexion  of  the  blood  from 
the  ventricular  wall,  and  partly  owing  to  their  lighter  specific  gravity,  whereby 
they  easily  float  into  a  more  or  less  horizontal  position.  The  valves  are  also  raised 
to  a  slight  extent  by  the  longitudinal  muscular  fibres,  which  pass  from  the  auricles 
into  the  cusps  of  the  valve. 

(C)  The  ventricles  now  contract,  and  simultaneously  the  auricles  relax, 
whereby — 

(1)  The  muscular  walls  contract  forcibly  from  all  sides,  and  thus  diminish  the 
ventricular  cavity.  (2)  The  blood  is  at  once  pressed  against  the  under  surface  of 
the  auriculo-ventricular  valves,  whose  curved  margins  are  opposed  to  each  other  like 
teeth,  and  are  pressed  hermetically  against  each  other  (fig.  32).  It  is  impossible 
for  the  blood  to  push  the  cusps  backwards  into  the  auricle,  as  the  chordae  tendineae 
hold  fast  their  margins,  and  surfaces  like  a  taut  sail.  The  margins  of  the  neigh- 
bouring cusps  are  also  kept  in  apposition,  as  the  chordte  tendinete  from  one  papillary 
muscle  always  pass  to  the  adjoining  edges  of  two  cusps.  The  extent  to  which  the 
ventricular  wall  is  shortened  is  compensated  by  the  contraction  of  the  papillary 
muscle,  and  also  of  the  large  muscular  chords,  so  that  the  cusps  cannot  be  pushed 
into  the  auricle.  When  the  valves  are  closed,  their  surfaces  are  horizontal,  so  that, 
even  when  the  ventricles  are  contracted  to  their  greatest  extent,  there  remains  in 
the  supra-pcqnllary  S2xice  a  small  amount  of  blood  which  is  not  expelled  {Sandhorg 
and  Worm  Muller).  (3)  When  the  pressure  within  the  ventricles  exceeds  that  in 
the  arteries,  the  semi-lunar  valves  are  forced  open  and  stretched  like  a  sail  across 
the  pocket-like  sinus,  without,  however,  being  directly  applied  to  the  wall  of  the 
arteries  (pulmonary  and  aorta),  and  thus  the  blood  enters  the  arteries. 

(D)  Pause. — As  soon  as  the  ventricular  contraction  ends,  and  the  ventricles 
begin  to  relax,  the  semi-lunar  valves  close  (fig.  33).  The 
diastole  of  the  ventricles  is  followed  by  the  pause. 
Under  normal  circumstances,  the  right  and  left  halves 
of  the  heart  always  contract  or  relax  uniformly  and 
simultaneously. 

Negative  Pressure  in  the  Ventricle.— Goltz  aiul  Gaiile  foTind 
that  there  was  a  negative  pressure  ol'  23  '5  mm.  Hg.  (dog)  in  the 
interior  of  the  ventricle  during  a  certain  phase  of  the  heart's 
action.  This  they  determined  by  a  maximal  and  minimal 
manometer.  They  surmised  that  this  phase  coincided  with  the 
diastolic  dilatation,  for  which  they  assumed  a  considerable  power 
of  aspiration.  Moens  is  of  opinion  that  this  negative  pressure 
within  the  ventricle  obtains  shortly  before  the  systole  lues  reached 
its  height,  i.e.,  just  before  the  inner  surface  of  the  ventricles  and 
the  valves,  after  the  blood  is  expelled,  are  nearly  in  apposition. 
He  explains  this  aspiration  as  being  due  to  the  formation  of  an 
empty  space  in  the  ventricle  caused  by  the  energetic  expulsion 
of  the  blood  through  the  aorta  and  pulmonary  artery. 

[Maximum  and  mnimum  Manometer. -Into  the  tube  connecting  the  interior  of  the  ventricle 
ot  the  heart  with  the  ordinary  U -shaped  mercury  manometer,  is  introduced  the  maximum 


Fig.  33. 
The  closed  semi-lunar  valve  of 
the  pulmonary  artery  seen 
from  below. 


Fig.  34. 

Gaule's  maximum  and  minimum  manometer. 

bein^  W'  ^^''^'i.'^  «o"«tracted  on  the  principle  of  a  ball  and  cup  valve  (fig.  U),  the  ball  A 
nec^fd^?^^  Ivf"  f  ^y,^^l>'V\S  C.  To  make  it  a  maximum  manometer  the  end  A  is  con- 
nected ^Mth  the  heart,  and  B  with  the  mercurial  manometer  (fig.  35).    When  a  clamp  is  placed 
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IOmeter.] 

49.  PATHOLOGICAL  CARDIAC  ACTION. -Cardiac  Hypertrophy  -All  resistances  to  tl.. 
movement  of  the  bloo.l  throngh  the  varions  chan.ber.s  of  the  heart,  Tnd  through  the  ves^^^^ 
municating  with  it,  canse  a  greater  amount  of  work  to  be  thrown  npon  the  portion  of  the  Wt 
specially  rdatecl  to  this  part  of  the  circulatory  system  ;  consequently,  there  is  produced  an 
increase  in  the  thickness  of  the  muscular  walls  and  dilatation  of  the  he.ait.  If  the  Resistance  or 
obs  ac  e  does  no  act  upon  one  part  of  the  heart  alone,  but  on  parts  lying  in  the  onward  divZ 
tion  of  the  blood-stream,  these  parts  also  subsequently  undei^go  hypertrophy.  If  in  additi^i 
to  the  muscular  thickening  of  a  part  of  the  heart,  the  cavity  is  Simultaneously  dilated  it 
ifiv'Vn  „.'nn'''''i  °'  ^yi^^^^^^l^^y  dilatation.    The  obstacles'  mos 

vtll «•  !n  T.  I     /       ^^''''.^^-^^^fif.  '-^''e  narrowing  of  the  lumen  or  want  of  elasticity  in  their 
wal  b.  111  the  heart,  naiTowing  of  the  arterial  or  venous  orifices  or  insufficiency  or  incompetency 
of  the  valves.    Incompetency  of  the  valves  forms  an  obstruction  to  the  movement  of  the  blood 
heartl°'""^  ^  *°        ^"'^      regnrgitate,  thus  throwing  extra  work  upon  the 

Thus  arise-(l)  Hypertrophy  of  the  left  ventricle,  owing  to  resistance  in  the  area  of  the 
systemic  circulation,  especially  in  the  arteries  and  capillaries— not  in  the  veins.  Amongst 
the  causes  are-constriction  of  the  orifice  or  other  parts  of  the  aorta,  calcification,  atheroma,  and 
want  ot  elasticity  of  the  large  arteries  and  irregular  dilatations  or  aneurisms  in  their  course  ■ 
insutticiency  of  the  aortic  valves,  in  which  case  the  same  pressure  always  obtains  within  the 
ventricle  and  m  the  aorta  ;  and,  lastly,  cirrhosis  of  the  kidneys,  whereby  the  excretion  of  water 
by  these  organs  is  diminished.  Even  in  mitral  insufficiency,  compensatory  hypertrophy  of  the 
left  ventricle  must  occur,  owing  to  the  hypertrophy  of  the  left  atrium  in  consequence  of  the 
increased  blood-pressure  in  the  pulmonary  circuit. 

(2)  Hypertrophy  of  the  left  auricle  occurs  in  stenosis  or  constriction  of  the  left  auriculo-ven- 
tricular  orifice,  or  in  insufficiency  of  the  mitral  valve,  and  it  occurs  also  as  a  result  of  aortic 
insufficiency,  because  the  auricle  has  to  overcome  the  continual  aortic  pressure  within  the 
venti-icle. 

(3)  Hypertrophy  of  the  right  ventricle  occurs  {a)  when  there  is  resistance  to  the  blood- 
stream throngh  the  pulmonary  circuit.  The  resistance  may  be  due  to  (a)  obliteration  of  large 
vascular  areas  in  consequence  of  destruction,  shrinking  or  compression  of  the  lungs,  and  the 
disappearance  of  numerous  capillaries  in  emphysematous  lungs  ;  (/3)  overfilling  of  the 
pulmonary  circuit  with  blood  in  consequence  of  stenosis  of  the  left  auriculo-ventricular'orifice,  or 
mitral  insufficiency- consequent  upon  hypertrophy  of  the  left  auricle  resulting  from  aortic 
insufficiency.  (6)  When  the  valves  of  the  pulmonary  artery  are  insufficient,  thus  permitting 
the  blood  to  flow  back  into  the  ventricle,  so  that  the  pressure  within  the  pulmonary  artery 
prevails  within  the  right  ventricle  (very  rare). 

(4)  Hypertrophy  of  the  right  auricle  occurs  in  consequence  of  the  last-named  condition,  and 
also  from_  stenosis  of  the  tricuspid  orifice,  or  insufficiency  of  the  tricuspid  valve  (rare). 

Artificial  Injury  to  the  Valves.— If  the  aortic  valves  are  perforated,  with  or  without 
simultaneous  injury  to  the  mitral  or  tricuspid  valves,  the  heart  does  more  work;  thus  the 
physical  defect  is  overcome  for  a  time,  so  that  the  blood- pressure  does  not  fall.  The  heart  seems 
to  have  a  store  of  reserve  energy  which  is  called  into  play.  Soon,  however,  dilatation  takes 
place,  on  account  of  the  regurgitation  of  the  blood  into  the  heart.  Hypertrophy  then  occurs, 
but  the  compensation  meanwhile  must  be  obtained  through  the  reserve  energy  of  the  heart 
(0.  Roscnbach). 

Impeded  Diastole.  — Among  causes  which  hinder  the  diastole  of  the  heart  are — copious  effusion 
into  the  pericardium,  or  the  pressure  of  tumours  upon  the  heart.  The  systole  is  greatly  inter- 
fered with  when  the  heart  is  united  to  the  pericardium  and  to  the  connective-tissue  in  the 
mediastinum.  As  a  consequence  the  connective-tissue,  and  even  the  thoracic  wall,  are  drawn 
in  during  contraction  of  the  heart,  so  that  there  is  a  retraction  of  the  region  of  the  apex-beat 
during  .systole,  and  a  protrusion  of  this  part  during  the  diastole. 

[Palpitation  is  a  symptom  indicating  generally  very  rapid  and  quick  action  of  the  heart,  the 
pulsations  often  being  unequal  in  time  and  intensity,  while  the  person  is  generally  conscious  of 
the  irregularity  of  the  cardiac  action.  It  may  be  due  to  some  organic  condition  of  the  heart 
itself,  especially  where  the  cardiac  muscles  are  weak,  in  cases  of  dilatation  and  hypertrophy  of 
the  left  ventricle,  where  the  heart  is  gradually  becoming  unable  to  overcome  the  resistances  offered 
to  its  work,  and  especially  during  exertion  when  the  heart  is  taxed  above  its  strength.  It  may 
also  occur  where  the  blood-pressure  is  low,  as.  in  anajmia,  so  that  the  heart  contracts  quickly, 
there  being  little  resistance  opposed  to  its  action.  The  excitability  of  the  cardiac  muscle  may 
be  increased  as  in  fatty  heart,  when  very  slight  exertion  may  excite  it  often  in  a  jiaroxj'smal 
way.  In  other  cases,  it  is  nervous  in  its  origin,  being  either  direct  or  reflex.  In  very  emotional 
and  excitable  people  (especially  in  women)  it  is  easily  set  up,  and  in  some  people  it  may  be 
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produced  refiexly  by  gastric  or  intestinal  irritation  or  dyspepsia.  It  also  frequently  results 
from  excesses  of  all  kinds  and  the  over-use  of  tobacco.  The  remedies  to  be  used  obviously 
depend  on  the  cause.  Where  the  blood-pressure  is  low,  as  in  anaemia,  digitalis  and  iron  will 
do  good  ;  the  former  by  increasing  the  blood-pressure,  and  the  latter  by  improving  the  general 
nutrition  of  the  body  and  the  blood  in  particular.  In  neurotic  cases  cardiac  sedatives  aie  indi- 
cated, while  in  cases  duo  to  indigestion  hydrocyanic  acid  is  useful  (Brunion)']. 

[Fainting  or  Syncope. — In  fainting  the  person  loses  consciousness,  owing  to  a  sudden  arrest 
of  the  blood-supply  to  the  brain,  the  face  is  pallid,  the  respiration  is  feeble  or  ceases,  while  the 
heart  beats  but  feebly  or  not  at  all.  The  defective  supply  of  blood  to  the  brain  may  depend 
upon  sudden  arrest  of  the  heart's  action,  caused,  it  may  be,  by  a  fright,  or  the  heart's  action 
may  be  arrested  refle.xly.  Any  cause  which  suddenly  diminishes  the  blood-pressure  may  pro- 
duce it,  or  when  pres.iure  is  suddenly  removed  from  the  large  vessels,  as  in  tapping  the  abdomen 
in  ascites,  without  at  the  same  time  giving  sufficient  support  to  the  abdominal  viscera.  When 
a  person  has  been  long  in  the  recumbent  position,  on  being  rapidly  set  up  in  bed  he  may  faint. 
In  some  forms  of  heart  disease,  sudden  exertion  or  change  of  posture  may  produce  it. 

[Treatment. — The  object  is  to  restore  consciousness  and  the  action  of  the  heart.  Place  the 
person  in  the  horizontal  position,  keep  the  head  low,  even  lower  than  the  body,  and  do  not 
support  it  with  pillows.  Dashing  cold  water  on  the  face,  so  as  to  stimulate  the  fifth  nerve, 
usually  succeeds  in  causing  the  person  to  take  a  deep  insjjiration.  In  other  cases  a  sniff  of 
smelling  salts  or  ammonia,  acting  through  the  nasal  branch  of  the  fifth  nerve,  will  excite  the 
cardiac  and  respiratory  functions  (§  368).] 

50.  THE  APEX-BEAT,  CARDIOGRAM.— Cardiac  Impulse.— By  the  term 
"  apex-beat "  or  "  cardiac  impulse  "  is  understood  under  normal  circumstances  an 
elevation  (perceptible  to  touch  and  sight),  in  a  circumscribed  area  of  the  Jifth  left 
intercostal  space,  and  caused  by  the  movement  of  the  heart.  [The  apex-beat  is  felt 
in  the  fifth  left  intercostal  space,  2  inches  below  the  nipple,  and  1  inch  to  its  sternal 
side,  or  at  a  point  2  inches  to  the  left  of  the  sternum.]  The  impulse  is  more  rarely 
felt  in  the  fourth  intercostal  space,  and  it  is  much  less  distinct  when  the  heart  beats 
against  the  fifth  rib  itself.  The  position  and  force  of  the  cardiac  impulse  vary 
with  changes  in  the  position  of  the  body. 

[The  cardiac  impulse  is  synchronous  with  the  systole  of  the  heart,  but  although  this  name 
and  apex-beat  are  frequently  used  as  synonymous  terms,  it  is  to  be  remembered  that  the 
impulse  may  be  caused  by  different  parts  of  the  heart  being  in  contact  with  the  chest-wall. 
The  cardiac  impulse  is  usually  higher  than  normal  in  children,  while  it  is  lower  during  inspira- 
tion than  exjjiration.] 

[Methods. — To  obtain  a  curve  of  the  apex-beat  or  a  cardiogram,  we  may  use  one  or  other  of 
the  following  cardiographs  (fig.  36).  Fig.  36,  A,  is  the  first  form  used  by  Marey,  and  it  consists 
of  an  oval  wooden  capsule  applied  in  an  air-tight  manner  over  the  apex-beat.  The  disc,  p, 
capable  of  being  regulated  by  the  screw,  s,  presses  upon  the  region  of  the  apex-beat,  while  t  is  a 
tube  which  may  be  connected  with  a  recording  tambour  (fig.  47).  B  is  an  improved  form  of 
the  instrument,  consisting  essentially  of  a  tambom-,  while  attached  to  the  membrane  is  a  button, 
p,  to  be  applied  over  the  apex-beat.  The  movements  of  the  air  within  the  capsule  are  com- 
municated by  the  tube,  t,  to  a  recording  tambour.  Fig.  36,  C,  is  the  pansphygmograph  of 
Brondgeest,  which  consists  of  a  Marey's  tambour,  in  an  iron  horse-shoe  frame,  and  adjustable 
by  means  of  a  screw,  s.  Burdon-Sanderson's  cardiograph  is  shown  in  D.  The  button,  carried 
by  the  spring,  e,  does  not  rest  upon  the  caoutchouc  membrane,  but  on  an  aluminium  plate 
attached  to  it.  The  apparatus  is  adjusted  to  the  chest  by  three  supports.  Fig.  36,  E,  shows 
a  modified  instrument  on  the  same  principle  by  Grummach  and  v.  Knoll.  In  all  these 
figures  the  t  indicates  the  exit-tube  communicating  with  a  recording  tambour  (fig.  47),  D  and 
E  may  be  used  for  other  pui-poses,  e.g.,  for  the  pulse,  so  that  they  are  polygraphs.  See  also 
fag.  76.] 

Fig,  39,  A,  shows  the  cardiogram  or  the  impulse-curve  of  the  heart  of  a  healthy 
man  ;  B,  that  of  a  dog,  obtained  by  means  of  a  sphygmograph.  In  both  the  follow- 
ing points  are  to  be  noticed  :—ab,  corresponds  to  the  time  of  the  pause  and  the 
contraction  of  the  auricles.  As  the  atria  contract  in  the  direction  of  the  axis  of  the 
heart  from  the  right  and  above  towards  the  left  and  below,  the  apex  of  the  heart 
moves  towards  the  intercostal  space.  The  two  or  three  smaller  elevations  are 
perhaps  caused  by  the  contractions  of  the  ends  of  the  veins,  the  auricular  appendices, 
and  the  atria  themselves. 

The  portion  be,  which  communicates  the  greatest  impulse  to  the  instrument,  and 
also  to  one's  hand  when  it  is  placed  on  the  apex-beat,  is  caused  by  the  contraction 
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0/  the  ventncles,  and  during  it  the  first  sound  of  the  heart  occurs.  Frequently, 
J 


rig.  36. 

Cardiographs.    A,  Marey's  original  i'orni  ;  B,  Marey's  improved  form  ;  C,  pansphygmograph 
(Brondgeest) ;  D,  cardiograph  (Burdon-Sanderson)  ;  E,  that  of  v.  Knoll. 

but  erroneously,  the  cardiac  impulse  has  been  ascribed  to  the  contraction  of  the 

ventricles  alone.  It, 
however,  is  due  to 
all  those  conditions 
which  cause  an  eleva- 
tion in  the  region  of 
the  cardiac  impulse. 

[Edgi'eu  recorded  a 
human  cardiogram,  and 
listened  at  the  same  time 
to  the  heart  sounds,  re- 
cording the  latter  by 
-p.    „_  means  of  an  electric  sig- 

„  ^    -,  ,  f ,  ^      1  r,  .T  J        J  The  curve  rises  at 

Cardiogram,   a-/ ;  1,  beginning  of  1st,  and  2,  2ud  sound,  ^^.j^j^  ^j^g  beginning  of 

the  first  sound,  i.e.,  with  the  contraction  of  the  ventricles,  and  reaches  the  abscissa  at/ with  the 

beginning  of  the  second  sound,  i.e.,  when 
the  semi-lunar  valves  arc  closed.  The 
relation  between  a  and  the  points  inter- 
mediate between  it  and/,  and  to  the  pulse- 
curve  of  the  carotid,  is  shown  in  fig.  38. 
The  letters  with  the  dash  correspond  to 
the  unmarked  letters  in  the  cjirdiogram.] 

The  cause  of  the  ventricular 
impulse  has  been  much  discussed. 
It  depends  upon  the  following  : — 

(1)  The  base  of  the  heart  (auriculo- 
ventricular  groove)  represents  during 
diastole  a  trannrem'ly-placed  ellipse 
(fig.  40,  I,  FG),  while  during  con- 
traction it  has  a  more  circular  figure, 


f 

a 

a, 

n  n    1 

ffi 

1  ■ 

'/  \ 

¥9^H 

r 

a 
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The  upper  curve  from  the  human  carotid ;  the  lower 
a  cardiogram  taken  simultaneously. 
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ab.  Thus,  the  long  diameter  of  the  ellipse  (FG)  is  diminished,  the  small  diameter 
dc  is  increased,  while  the  base  is  brought  nearer  to  the  chest-wall  e.    This  alone 
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Curves  from  the  apex-beat.  A,  normal  curve  (man) ;  B,  from  a  dog  ;  C,  very  rapid  curve 
(dog)  ;  p  and  i-.  i^ormal  curves  man)  registered  on  a  vibrating  glass  plate  where  each 
indentation  =  0  -01613  sec.  In  all  the  curves  ah  means  contraction  of  the  auricles,  and 
of  the  ventride       '  '"'^  ^'  °^       pulmonary  valves  ;  c/,  diastole 

does  not  cause  the  impulse,  but  the  basis  of  the  heart,  being  hardened  during  the 
systole  and  brought  nearer  to  the  chest-wall,  allows  the  apex  to  execute  the  move- 
ment which  causes  the  impulse  (p.  61). 

(2)  During  relaxation,  the  ventricle  lies  with  its  apex  (fig.  40,  II  i)  obliquely 
downwards  and  with  its  long  axis  in  an  oblique  direction— so  that  the  angles  (ii 
acv)  formed  by  the  axis  of  the  ventricles  with  the  diameter  of  the  base  are  unequal 
— dunng  systole  it  represents  a  regular  cone,  with  its  axis  at  right  angles  to  its 
base.  Hence,  the  apex  {i)  must  be  erected  from  below  and  behind  {p\  forwards 
and  upwards  (^an,.^,-"  cor  sese  erigere  "),  and  when  hardened  during  systole 
presses  itself  into  the  intercostal  space  (fig.  40,  II.). 

ventricles  undergo  during  systole  a  slight  spiral  twisting  on  their  lona 
ax^  ("latera  em  mclmationem  "-iTar^.y),  so  that  the  apex  is  "brought  from 
behind  more  forward  and_  thus  a  greater  portion  of  the  left  ventricle  is  turned  t^ 
the  front  This  rotation  is  caused  by  the '  muscular  fibres  of  the  ventricles  which 
proceed  from  that  part  of  the  fibrous  rings  between  the  auricles  anT  ventTicIes 
which  hes  next  the  anterior  thoracic  wall.    The  fibres  pass  from  above  obWly 

tTtddes  '  When  ttV''\'"'t  '-^^r  ^^"^  ''''  P-*--  surface  0?  tt 

oTtleti^faTprrrytLy^^  '^^^'^'^ 
Jt%^^V^^  most  important  causes,  but  the  minor  causes  are, 

are  iid  to  nTZ  nT  ^7f'"  '^^^'^^  ventricles 

are  said  to  undergo,  (like  an  exploded  gun  or  rocket),  at  the  moment  when  the 
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blood  is  discharged  into  the  aorta  and  pulmonary  artery,  whereby  the  apex  goes  in 
the  opposite  direction,  i.e.,  downwards  and  slightly  outwards.  Landois,  however, 
has  shown  that  the  mass  of  blood  is  discharged  into  the  vessels  0'08  o£  a  second 
after  the  beginning  of  the  systole,  while  the  cardiac  impulse  occurs  with  the  first 
sound. 

(5)  When  the  blood  is  discharged  into  the  aorta  and  pulmonary  artery,  these 
vessels  are  slightly  elongated,  owing  to  the  increased  blood-pressure.  As  the  heart 
is  suspended  from  above  by  these  vessels, 
the  apex  is  pressed  slightly  downwards  and 
forwards  towards  the  intercostal  space  1^). 

As  the  cardiac  impulse  is  observed  in  the  empty 
hearts  of  dead  animals,  (4)  and  (5)  are  certainly 
of  only  second-rate  importance.  Filehne  and 
Pentzoldt  maintain  that  the  apex  during  systole 
does  not  move  to  the  left  and  downwards,  as  must 


I.  II. 

Fig.  40. 

I.  Schematic  horizontal  section  through  the  heart,  lungs,  and  thorax,  to  show  the  change  of 
shape  which  the  base  of  the  heart  undergoes  during  contraction  of  the  ventricle — F,  G, 
transverse  diameter  of  the  ventricle  during  diastole  ;  c,  position  of  the  thoracic  wall  ;  a,  b, 
transverse  diameter  of  the  heart  during  systole,  with  e,  position  of  the  anterior  thoracic 
wall  during  systole.  II.  Side-view  of  the  heart — i,  apex  during  diastole ;  p,  dui-ing 
systole. 

be  the  case  in  (4)  and  (5),  but  that  it  moves  upward  and  to  the  right— a  result  corroborated  by 
V.  Ziemssen.  [Barr  attributes  the  cause  of  the  impulse  to  the  rigidity  or  hardening  of  the  ven- 
tricle during  systole,  to  the  rotatory  movement  and  lengthening  downwards  of  the  blood- 
column  in  the  aorta  and  pulmonary  artery,  while  towards  the  end  of  the  systole  the  maximum 
of  recoil  takes  place  and  also  contributes  to  cause  it.] 

It  is  to  be  remembered  that  as  the  apex  is  always  applied  to  the  chest-wall,  separated  from  it 
merely  by  the  thin  margin  of  the  lung,  it  only  presses  against  the  intercostal  space  during 
systole  (Khvisch). 

After  the  apex  of  the  curve,  c,  has  been  reached  at  the  end  of  the  systole,  the 
curve  falls  rapidly,  as  the  ventricles  quickly  become  relaxed.  In  the  descending 
part  of  the  curve,  at  d  and  e,  are  two  elevations,  which  occur  sijiiultaiieoiu^li/ 
with  the  second  sound.  These  are  caused  by  the  sudden  closure  of  the  semi-lunar 
valves,  whereby  an  impulse  is  propagated  through  the  axis  of  the  ventricle  to  its 
apex,  and  thus  causes  a  vibration  of  the  intercostal  space  ;  d  corresponds  to  the 
closure  of  the  aortic  valves,  and  e  to  the  closure  of  the  pulmonary  valves.  The 
closure  of  the  valves  in  these  two  vessels  is  not  simultaneous,  but  is  separated  by 
an  interval  of  0-05  to  0-09  sec.    The  aortic  valves  close  sooner  on  account  of  the 
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greater  blood-pressure  there.  Complete  diastolic  relaxation  of  the  ventricle  occurs 
from  e  to  /  in  the  curve. 

It  is  clear,  then,  that  the  cardiac  impulse  is  caused  chiefly  by  the  contraction  of 
the  ventricles,  while  the  auricular  systole  and  the  vibration  caused  by  the  closure 
of  the  semi-lunar  valves  are  also  concei'ned  in  its  production. 

[Change  in  Shape  of  Heart. — The  experiments  of  Ludwig  and  Hesse  on  the  heart 
of  the  dog  show  that  the  shape  of  the  ventricles  varies  remarkably  in  systole  and 
diastole,  and  that  the  shape  of  the  heart  as  found  post-mortem  is  not  its  natural  shape.] 

[Method. — Bleed  a  dog  rapidly  from  the  carotids,  defibrinate  the  blood,  expose  the  heart,  tie 
graduated  straight  tubes  into  the  pulmonary  artery  and  aorta,  and  ligature  the  auricular  vessels. 
Four  the  blood  into  the  heart  until  it  is  dilated  under  a  pressure  equal  to  the  mean  arterial  pres- 
sure (150  mm.).  The  ventricles  are  in  the  diastolic  phase,  the  auricles  still  pulsate.  A  plaster 
cast  is  now  rapidly  made  of  the  ventricles.  This  represents  the  diastolic  phase.  To  obtain  what 
may  be  regarded  as  the  systolic  phase,  a  heart,  similarly  prepared  but  emptied  of  blood,  is 
suddenly  plunged  into  a  hot  (50°  C.)  saturated  solution  of  potassic  bichromate,  when  the  heart 
gives  one  rapid  and  final  contraction  and  remains  permanently  contracted  owing  to  the  heat- 
rigor,  its  proteids  being  coagulated  (§  295).  This  is  the  systolic  phase.  Little  pins  with  twisted 
points  are  previously  inserted  in  the  organ  to  mark  certain  parts  of  both  hearts  for  comparison.  ] 

[In  diastole,  the  shape  of  the  ventricle  is  hemispheroidal,  the  apex  being  rounded, 
while  the  posterior  surface  is  flatter  than  the  anterior  (fig.  41).  In  the  plane  of 
the  ventricular  base,  the  greatest  diameter  is  from  right  to  left,  and  the  shortest 
from  base  to  apex.    The  conus  arteriosus  is  above  the  plane  of  the  base.  During 


Fig.  41. 
Projection  of  a  dog's  heart. 
Fosterior  sui'face. 


Fig.  42. 
Anterior  surface. 


Fig.  43. 
Left  lateral  surface. 


systole,  the  apex  is  more  pointed,  the  ventricle  more  conical,  while  all  the  diameters 
in  the  plane  of  the  base  are  equally  diminished,  hence  the  vertical  measurement 
from  base  to  apex  is  longer  now  than  either  of  the  diameters  at  the  base  (fig.  43). 
The  conus  arteriosus  sinks  towards  the  plane  of  the  base,  while  the  base  of  the 
ventricle  becomes  more  circular,  so  that  the  diflference  of  the  curvatures  of  the 
anterior  and  posterior  surfaces  van- 
ishes (fig.  42).  In  all  these  figs,  the 
shaded  part  represents  diastole  and 
the  clear  part  systole.  The  most  re- 
markable point  is  that  the  vertical 
measurement  remains  unchanged. 
This  refers  to  the  left  ventricle,  which 
of  course  forms  the  apex;  the  right  is 
shortened.  The  plane  of  the  ven- 
tricular base  in  systole  is  about  one-  Fit,.  44. 
half  of_  what  it  is  in  diastole,  as  is  Projection  of  the  base  in 
sbown  in  fag.  44.  Thus  the  heart  is  systole  and  diastole,  RV, 
diminished  in  all  its  diameters  except  ''is''*^)  ^'^'^  LV,  left  ven- 
pne,  the  arterial  orifices  are  scarcely 
affected,  whUe  the  area  of  the  auriculo-ventricular  orifices  (M,  T)  is  diminished 
about  one-half  (fig.  45).    This  is  most  .important  in  connection  with  the  closure  of 
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g.  45. 

A,  aorta  ;  PA,  pulmon- 
^  ,  ary  artery ;  JNI,  mitral, 
and  T,  tricuspid  ori- 
fice. 
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the  auriculo-vontricular  valves  ;  as  it  shows  that  the  muscular  fibres  of  the  heart, 
by  diminishing  these  orifices  during  systole,  greatly  aid  in  the  perfect  closure  of 
these  valves.  Thus  we  explain  why  defective  nutrition  of  the  cardiac  muscle  may 
give  rise  to  incompetency  of  these  valves,  without  the  valves  themselves  being 
diseased  (Macalister).]  . 

[In  order  to  account  for  the  vertical  diameter  remaining  unchanged,  we  may 
represent  the  ventricular  fibres  as  consisting  of  three  layers,  viz.,  an  inner  and  outer 
set,  more  or  less  longitudinal,  and  a  middle  set,  circular.  Both  sets  will  tend,  when 
they  contract,  to  diminish  the  cavity,  but  the  shortening  of  the  longitudinal  layers 
is  compensated  for  by  the  contraction,  i.e.,  the  elongation  produced  by  the  circular 
set.] 

[In  orcloi'  to  obtain  the  shape  of  the  cavities,  dogs  were  taken  of  the  same  litter  and  as  nearly 
alike  as  possible.  One  heart  was  filled  with  blood,  as  already  described,  and  placed  iu  a  cool 
solution  of  potassic  bichromate,  whereby  it  was  slowly  hardened  in  the  diastolic  form,  while  the 
other  was  plunged  as  before  into  a  hot  solution.    Casts  were  then  made  of  the  cavities.] 

51.  THE  TIME  OF  THE  CAEDIAC  MOVEMENTS. —Methods. —The  time  occupied  by  the 
various  phases  of  the  movements  of  the  heart  may  be  determined  by  studying  the  apex-beat 
curve. 

(1)  If  we  know  at  what  rate  the  plate  on  which  the  curve  was  obtained  moved  during  the  ex- 
periment, of  course  all  that  is  necessary  is  to  measure  the  distance,  antl  so  calculate  the  time 
occupied  by  any  event  (see  Pulse,  §  67). 

(2)  It  is  preferable,  however,  to  cause  a  tuning-fork,  whose  rate  of  vibration  is  known,  to 
write  its  vibrations  under  the  curve  of  the  apex-beat,  or  the  curve  may  be  written  upon  a  plate 
attached  to  a  vibrating  tuning-fork  (fig.  39,  D,  E).  Such  a  curve  contains  fine  teeth  caused  by 
the  vibrations  of  the  tuning-fork.  D  and  E  are  curves  obtained  from  the  cardiac  impulse  iu 
tliis  way  from  healthy  students.  In  D  the  notch  cl  is  not  indicated.  Each  complete  vibration 
of  the  tuning-fork,  reckoned  from  apex  to  apex  of  the  teeth  =  0'01613  second,  so  that  it  is  simply 
necessary  to  count  the  number  of  teeth  and  multiply  to  obtain  the  time.  The  values  obtained 
vary  within  certain  limits  even  in  health. 

The  value  of  a  6  =  pause  +  contraction  of  the  auricles,  is  subject  to  the 
greatest  variation,  and  depends  chiefly  upon  the  number  of  heart-beats  per  minute. 
The  more  quickly  the  heart  beats,  the  shorter  is  the  pause,  and  conversely.  In 
some  curves,  even  when  the  heart  beats  slowly,  it  is  scarcely  possible  to  distinguish 
the  auricular  contraction  (indicated  by  a  rise)  from  the  part  of  the  curve  correspond- 
ing to  the  pause  (indicated  by  a  horizontal  line).  In  one  case  (heart-beats  55  per 
minute)  the  pause  =  0'4  second,  the  auricular  contraction  =  0*177  second.  In  fig. 
39,  A,  the  time  occupied  by  the  pause  +  the  auricular  contraction  (74  beats  per 
minute)  =  0-5  second.  In  T),  a  b  =  19  to  20  vibrations  =  0-32  second;  in  E  = 
26  vibrations  =  0"4:2  second. 

The  ventricular  systole  is  calculated  from  the  beginning  of  the  contraction  6,  to  e 
when  the  semi-lunar  valves  are  closed ;  it  lasts  from  the  first  to  the  second  sound. 
It  also,  varies  somewhat,  but  is  more  constant.  When  the  heart  beats  rapidly,  it 
is  somewhat  shorter — during  slow  action  longer.  In  E  =  0'32  second  ;  in  D  =  0*29 
second  ;  with  55  beats  per  minute  Landois  found  it  =  0-34,  with  a  very  high  rate 
of  beating  =  0 "199  second. 

When  the  ventricles  beat  feebly,  they  contract  more  slowly,  as  can  be  shown  by  api)lying  the 
recdstering  apparatus  to  the  heart  of  an  animal  just  killed.  In  fig.  46,  from  the  ventricle  of  a 
rabbit  just  killed,  the  slow  heart-beats,  B,  are  seen  to  last  longest.  In  cases  of  enormous 
hypertrophy  and  dilatation  of  the  left  ventricle,  the  duration  of  the  ventricular  systole  is  not 
longer  than  normal  (Z«?icZois).  /i\  t;  <■ 

In  calculating  the  time  occupied  by  the  ventricular  systole  we  must  remember— (1)  iA*  tv)\£ 
batwem  the  hvo  sounds  of  the  heart,  i.e.,  from  the  beginning  of  the  first  to  the  end  of  the  .second 
sound  (b  to  e).  (2)  2'Ac  time  the  blood  flows  into  the  aorUi,  which  comes  to  an  end  at  the  de- 
gression between  c  and  d  (in  fig.  39,  E).  Its  commencement,  however,  does  not  coincide  witli 
b  as  the  aortic  valves  open  0-085  to  0-073  second  after  the  beginning  of  the  ventricular  systole. 
Hence  the  aortic  current  lasts  0-08  to  0*09  second.  This  is  calculated  in  the  following  way  :— 
The  time  between  the  first  sound  of  the  heart  and  the  pulse  in  the  axillary  artery  is  Q  \6i 
second  and  of  this  time  0-052  second  is  occupied  iu  the  propagation  of  the  pulse-wave  along  the 
30  cm  of  artery  lying-  between  the  root  of  the  aorta  and  the  axilla.    Thus  the  pulse-wave  in 
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the  aorta  occurs  0137  minus  0  •052  =  0 '085  second  after  the  beginning  of  the  lirst  sound.  The 
current  in  the  puhiionary  artery  is  intorrnptod  in  the  depression  between  d  and  c.  (3)  LuM.y, 
Uic  time  occupied  by  the  muscular  contraction  of  the  ventricle,  which  begins  at  b,  roaches  its 

A  B 


.  Fig.  46. 

Curves  recorded  by  the  ventricle  of  a  rabbit,  upon  a  vibrating  plate  attached  to  a  tuning-forlc 
(vibratiou  =  0-01613  sec).    A,  soon  after  death  ;  B,  from  the  dying  ventricle. 

greatest  extent  at  c,  and  is  completely  relaxed  at /.  The  apex  of  the  curve;  c,  may  be  higher  or 
lower  according  to  the  flexibility  of  the  intercostal  space,  hence  the  position  of  c  varies.  In 
hypertrophy  with  dilatation  of  the  left  ventricle,  the  duration  of  the  ventricular  contraction 
does  not  greatly  exceed  the  normal. 

The  time  which  elapses  between  d  and  e,  i.e.,  between  the  complete  closure  of 
the  aortic  and  pulmonary  valves,  is  greater  the  more  the  pressure  in  the  aorta 
exceeds  that  in  the  pulmonary  artery,  as  the  valves  are  closed  by  the  pressure 
from  above,  and  the  difference  in  time  may  be  0'05  second,  or  even  double  that 
time,  in  which  case  the  second  sound  appears  double  (compare  §  54).  If  the  aortic 
pressure  diminishes  while  that  in  the  pulmonary  artery  rises,  d  and  e  may  be  so 
near  each  other  that  they  are  no  longer  marked  as  distinct  elements  in  the  curve. 

The  time,  ef,  during  which  the  ventricles  relax  varies  somewhat:  0-1  second 
may  be  taken  as  a  mean. 

Accelerated  Cardiac  Action.— When  the  action  of  the  heart  is  greatly  accelerated,  the' pause 
is  considerably  shortened  in  the  first  instance  {Bonders),  and  to  a  less  extent  the  time  of  con- 
traction of  the  auricles  and  ventricles.  When  the  pulse-rate  is  very  rapid,  the  systole  of  the 
atria  coincides  with  the  closure  of  the  arterial  valves  of  the  precedintj  contraction,  as  is  shown 
in  fig.  39,  C  (dog). 

In  registering  the  cardiac  impulse,  the  appara- 
tus is  separated  by  a  greater  or  less  depth  of 
soft  parts  from  the  heart  itself,  so  that  in  all  cases 
the  intercostal  tissues  do  not  follow  exactly  the 
movements  of  the  heart,  and  thus  the  curve  ob- 
tained may  not  coincide  mathematically  with  the 
movements  of  the  heart.  It  is  desirable  that 
curves  be  obtained  from  persons  whose  hearts  are 
exposed,  i.e.,  in  cases  of  ectopia  cordis. 

Cleft  Sternum. — Gibson  inscribed  cardiogi-ams 
from  the  heart  of  a  man  with  cleft  sternum.  Tlie 
following  were  the  results  obtained  : — Auricular 
contraction  =  0-11 5;  ventricular  contraction  (b,  d) 
=  0  '28  ;  ditference  between  closure  of  valves  [d,  e) 
=  0-09;  ventricular  diastole  {c,f)  =0-11;  pause 
=  0'45  second. 

Endocardial  Pressure. — lu  large  mam- 
mals, such  as  the  horse,  Chauveau  and 
Marey  (1861)  determined  the  duration  of 
the  events  that  occur  within  the  heart,  and 
also  the  endocardial  pressure  by  means  of 
a  cardiac  sound.  Small  elastic  bags  at- 
tached to  tubes  were  introduced  through  pi'essure. 
the  jugular  vein  into  the  right  auricle  tnd  ventricle.  Each  of  these  tubes  was 
connected  with  a  registering  tambour  (fig.  47),  and  simultaneous  tracings  of  the 
variations  of  pressure  within  the  cavities  of  the  heart  were  obtained  by  causing  tlie 
wnting-points  of  the  levers  of  the  tambours  to  write  upon  a  revolving  cylinder  , 


Fig.  47. 

Marey's  registering  tambour.  T,  inetallii; 
capsule,  with  thin  india-rubber  stretched 
over  it,  and  bearing  an  aluminium  disc, 
which  acts  upon  the  writing  lever,  H. 
By  means  of  a  thick-walled  caoutchouc 
tube,  it  may  be  connected  with  any  system 
containing,aii ,  so  as  to  record  variations  of 
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Fig.  48,  A,  gives  tlio  result  obtained  when  one  elastic  bag  was  placed  in  the  right  auricle, 
being  intioduced  through  the  jugular  vein  and  superior  vena  cava  ;  B,  when  the  other  ba" 
pushed  through  tliu  tricuspid  orilice  was  in  the  right  ventricle  ;  D,  in  the  root  of  the  aorta,  pusliea 
in  through  the  carotid  ;  C,  pushed  past  the  semi-lunar  vidvcs  into  the  left  ventricle  ;  while  at 
E  a  siniihir  bag  has  been  placed  externally  between  the  heart's  upex  and  the  inner  wall  of  the 
chest.  In  all  cases  y  =  iuuicular  contraction  ;  V,  that  of  the  ventricle  ;  s,  closure  of  semi-lunar 
valves,  sooner  in  C  than  B;  P  =  pause. 

Methods. — (1)  The  cardiac  sound  consists  of  a  tube  containing  two  separate  air-passages,  and 
in  connection  with  each  of  these  there  is  a  small  elastic  bag  or  ampulla.  One  of  the  bags  is 
fixed  to  the  free  end  of  the  sound,  and  communicates  with  one  of  the  air-passages.    The  other 


■•  Right  Auricle. 


-Right  Ventricle. 


Left  "Ventricle. 


Aorta. 


Cardiac  Impulse. 


Fig.  48. 

Curves  obtained  from  the  heart  of  a  horse  by  the  cardiac  sound. 

bat/  is  placed  in  connection  with  the  second  air-passage  in  the  sound,  and  at  such  a  distance 
that  when  the  former  bag  lies  within  the  ventricle,  the  latter  is  in  the  auricle.  Each  bag  and 
air-tube  communicating  with  it  is  connected  with  a  Marey's  tambour  (hg.  4  0,.  provided  with 
a  lever  which  inscribes  its  movements  upon  a  revolving  cylinder.  Any  variation  of  pressure 
within  the  auricle  or  ventricle  will  affect  the  elastic  ampulla',  and  thus  raise  or  depress  the 
lever  Care  must  be  takeu  that  the  writing-points  of  the  levers  are  placed  exactly  above  each 
other.  A  tracing  of  the  cardiac  impulse  is  taken  simultaneously  by  means  of  a  cardiograph 
attached  to  a  separate  tambour. 

It  has  still  to  be  determined  whether  the  auricles  and  ventricles  act  alternately, 
no  that  at  the  moment  of  the  beginning  of  the  ventricular  contraction  the  auricles 
relax  or  whether  the  ventricles  are  contracted  while  the  auricles  still  remain  slightly 
contmcted  so  that  the  whole  heart  is  contracted  for  a  short  time  at  least.  The 
latter  view  was  supported  by  Harvey,  Bonders,  and  others,  while  Haller  and  many 
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of  the  more  recent  observers  support  the  view  that  the  action  of  the  auricles  and 
ventricles  alternates.  In  the  case  of  Frau  Seratin,  whose  heart  was  exposed, 
V.  Ziemssen  obtained  curves  from  the  auricles,  which  showed  that  the  contraction 
of  the  auricles  continued  even  after  the  commencement  of  the  ventricular  systole. 
In  Marey's  curve  the  contraction  of  the  ventricle  is  represented  as  following  that 
of  the  auricle  (fig.  48). 

[(2)  Kolleston  used  a  special  apparatus  which  was  connected  with  the  interior  of  the  heart, 
and  he  finds  that  there  is  no  distinct  rise  of  pressure  in  the  dog  within  the  ventricles  corre- 
sponding to  the  auricular  systole  such  as  was  obtained  by  Marey  in  the  horse.  During  the 
ventricular  diastole  in  certain  cases  the  pressure  falls  below  the  atmospheric  pressure,  and  may  be 
equal  to  -  20  mm.  mercury  or  more  in  the  left  ventricle  (§  48).  It  is  probably  caused  by 
the  elastic  expansion  of  the  ventricle  continuing  after  the  blood  in  the  auricle  at  the  moment 
of  the  cessation  of  the  ventricular  systole  has  entered  the  ventricle,  i.e.,  the  quantity  of 
blood  in  the  auricle  is  not  sufficient  in  all  cases  to  distend  the  left  ventricle  to  the  point  at 
which  its  suction  action  ceases.  Magini,  operating  on  dogs  with  a  trocar  which  perforated 
the  cavities  of  the  heart,  found  none  of  the  secondary  elevations  obtained  bv  Marev  with  his 
sound.]  ^ 

A.  Fick  regards  the  alternating  contraction  as  a  means  whereby  the  pressure  in  the  large 
venous  trunks  is  kept  nearly  constant.  At  the  moment  of  ventricular  systole  the  auricles 
relax  and  the  venous  blood  flows  freely  into  the  latter,  while  if  the  auricles  remained  contracted, 
the  blood  in  the  veins  would  be  kept  back.  Further,  at  the  moment  of  ventricular  diastole 
the  auricles  contract,  so  that  there  is  not  an  abnormal  diminution  of  the  pressure  in  the  veins 
Thus  the  pressure  in  the  auricle  is  more  equable,  while  the  current  in  the  terminal  parts  of  the 
veins  IS  kept  more  constant.  * 

52.  PATHOLOGICAL  CAEDLiO  IMPULSES. -Change  in  the  Position  of  the  Apex-Beat  - 

The  position  of  the  cardiac  impulse  is  changed— (1)  by  the  accumulation  of  fluids  (serum,  pus, 
blood)  or  gas  in  one  pleural  cavity.  A  copious  effusion  into  the  left  pleural  cavity  compresses 
the  lung  and  may  displace  the  heart  towards  the  right  side,  while  effusion  on  the  right  side 
may  push  the  heart  more  to  the  left.  As  the  right  heart  must  make  a  greater  effort  to  propel 
the  blood  through  the  compressed  lung,  the  cardiac  impulse  is  usually  increased.  Advanced 
emphysema  of  the  lung,  causing  the  diaphragm  to  be  pressed  downwards,  displaces  the  heart 
downwards  and  inwards,  while  pushing  or  pulling  up  of  the  diaphragm  (by  contraction  of 
the  lung,  or  through  pressure  from  below)  causes  the  apex-beat  to  be  displaced  upwards, 
and  also  slightly  to  the  lett.  Thickening  of  the  muscular  walls  with  dilatation  of  the  cavities 
ot  the  left  ventric  e  makes  that  ventricle  longer  and  broader,  whUe  the  increased  cardiac 
impulse  may  be  felt  in  the  axillary  line  in  the  sixth,  seventh,  or  even  eighth  intercostal 
space  to  the  left  of  the  mammary  line.  Hypertrophy,  with  dilatation  of  the  right  side, 
increases  the  breadth  of  the  heart,  so  that  the  cardiac  impulse  is  felt  more  to  the  ri|ht,  even 
bll  Iff  °/i  •  f/^?V™-  til?  rare  cases  where  the  heart  is  ti-ansposed,  the  apex- 
lir,.  Jf  ?i      •  rF^*^  tt-  the  cardiac  impulse  goes  to  the  left  of  the  left  mammary 

line,  or  to^  the  right  of  the  parasternal  line,  the  heart  is  increased  in  breadth,  and  there  is 
hype  trophy  of  the  heart.    A  greatly  increased  cardiac  impulse  may  extend  to  several  inter- 

COSttli  SpSCBS. 

The  cardiac  impulse  is  abnormally  weakened  in  cases  of  atrophy  and  degeneration  of  the 
^  ^^^^^'f'f  °^  tl?e  innervation  of  the  cardiac  ganglia,    ifis  also  Weakened  ■ 
when  the  heart  is  separated  from  the  chest-wall  owing  to  the  collection  of  fluids  or  air  in 
ci  st"^  s  fiSd'^^th^lini^  a  gi^eatly  distended  left  lung  ;  and,  indeed,  when  the  left  side  of  the 
left  ventr  llP  I  t^^^^^f '^ViV'^^^'^f  extinguished.    The  same  occurs  when  the 

narrlwii"  if  W  'l  *^"f^  its  contraction  (in  consequence  of  marked 

nar  owing  of  the  mitral  orifice),  or  when  it  can  only  empty  itself  very  slowly  and  graduallv 
as  during  marked  narrowing  of  the  aortic  orifice.  ^       ^  giaauaiiy, 

th^^nZZ'of1J.^fn'^'^'^^wP"^'t•°°?^^^  hypertrophy  of  the  walls,  as  well  as  under 

gan^Ha     Great  W^^^^  inflammatory,  febrile,  toxic)  which  affect  the  cardiac 

feffchest  walT^^ttP  {     I'l  ^^'^r''*''^^"  ^'^^^'^  ^^^^  ^^^'^  t°  8°  t^^t  ^  Part  of  the 

leic  cnest-wall  may  be  raised  and  also  vibrate  during  svstole 

and  foTth^n^terSnnJL"'!!';""'  7"^^^  °^       ''^T^  '^'^""8       ^^''^^^^  «y«t°l«  in  the  thhd 

creas  7  SJd  ar  anf^r  1  ■  ^^"^''^1"^?*^^  ""'l"'  """"al  circumstances,  sometimes  during  in- 
S  t  V  d  tlLef  nnVl  fl  "'f  \'  l^yP^'fopI^y  of  the  Ventricles.    As  the  heart's  aifex  is 

space  is  fil  S  hvVbp  tin-'''"*'?^^'  becomes  slightly  smaller  during  its  systole,  the  empty 
Sh  theSaSii  7.??"^  P'r'*'  °^  intercostal  space.  When  the  heart  is  united 
^  L  L^art  ii\^lWp  *  r  «nFo«nding  connective-tissue,  which  renders  systolic  locomotion 
cLSc  rnke  SS  '  ^^*;^^=ti°'^  °V''!  chest.^yall  during  systole  takes  the  place  of  the 
part'     arsl^'wlK^^  '  '^^"^^""^  -^•'l^-  ™P^^1-      the  cUspouding 
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Clinically,  ulianges  in  the  carilinc  impulse  are  best  ascertained  by  taking  graphic  representa- 
tions of  tlio  canliiic  impulse,  and  studying  the  curves  so  obtained  (lig.  49). 

In  curve  1'  (nuich  reduced),  from  a  case  of  marked  hypertrophy  with  dilatation,  the  ven- 
tricular contraction,  be,  is  usually  very  great,  while  the  time  occupied  by  the  contraction  is  not 
much  increased.  P  and  Q  were  obtained  from  a  case  of  marked  eccentric  hypertrophy  of  the 
left  ventricle,  duo  to  insufficiency  of  the  aortic  valves.  Curve  Q  was  taken  intentionally  over 
the  auriculo-ventricular  groove,  where  retraction  of  the  cliest-wall  occurred  during  systole ; 
nevertheless  the  individual  events  occurring  in  tlie  heart  are  indicated. 

Fig.  E  is  from  a  case  of  aortic  BtenoBis,  The  auricular  contraction  (ab)  lasts  only  a  short 
time  ;  the  ventricular  systole  is  obviously  lengthened,  and  after  a  short  elevation  {be)  shows  a 


Fig.  49. 

Ci;rves  of  the  cardiac  impulses,  ab,  contraction  of  auricles  ;  be,  ventricular  systole  ;  d,  closure 
of  aortic,  and  e,  of  pulmonary  valves  ;  ef,  diastole  of  ventricle  ;  P,  Q,  hyiiertrophy  and 
dilatation  of  the  left  ventricle  ;  E,  stenosis  of  the  aortic  orifice ;  F,  mitral  insufficiency  ; 
G,  mitral  stenosis  ;  L,  nervous  palpitation  in  Basedow's  disease  ;  M,  so-called  Jiemisystole. 

series  of  fine  indentations  (c,  e)  caused  by  the  blood  being  pressed  through  the  narrowed  and 
roughened  aorta.  ,        ,  i  j  . 

Fi''.  F,  from  a  case  of  insufficiency  of  the  mitral  valve,  shows  (ab)  well  marked  on  account 
of  the  increased  activity  of  the  left  auricle,  while  the  shock  {d)  from  the  closure  of  the  aortic 
valves  is  small,  on  account  of  the  diminished  arterial  tension.  On  the  other  hand,  the  sliock 
from  the  accentuated  pulmonary  sound  (c)  is  very  great,  and  is  in  the  apex  of  the  curve.  Un 
account  of  the  great  tension  in  the  pulmonary  artery,  the  second  pulmonary  tone  may  be  so 
strong,  and  succeed  the  second  aortic  sound  (d)  so  rapidly,  that  both  almost  merge  completelj 

"^TliT?ni°v*°oVSeno8i8^o'f  the  mitral  orifice  (G)  shows  a  long,  irregular,  notched,  auricular 
contraction  {ab),  caused  by  the  blood  being  forced  through  an  irregular  narrow  orifice.  1  lie  ven- 
tSlar  contvac  ion  {be)  is  feeble  because  the  ventricle  is  imperfectly  filled.  The  c  osi.res  of  the 
two  va  ves"  d  and  c,  are  relatively  far  apart,  and  one  can  hear  distinctly  a  reduplicated  second 
smind  The  aortic  valves  close  rapidly,  because  the  aorta  is  imperfectly  supplied  with  blood 
wlX  the  more  copious  inflow  of  blood  into  the  pulmonary  artery  causes  its  valves  to  close  later. 
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If  the  heart  beats  rapidly  and  feebly — if  the  blood-pressure  in  the  aorta  and  pulmonary 
artery  be  low,  the  signs  of  closure  of  the  pulmonary  valves  may  be  absent — as  in  curve  L — 
taken  from  a  girl  sull'ering  from  nervous  palpitation  and  morbus  Basedowii. 

In  verj'  rare  cases  of  insufficiency  of  the  mitral  valve,  it  has  been  observed  that  at  certain 
times  both  ventricles  contract  simultaneously,  as  in  a  normal  heart,  but  that  this  alternates 
with  a  condition  where  the  right  ventricle  alone  seems  to  contract.  Curve  M  is  such  a  curve 
obtained  by  Malbranc,  who  called  this  condition  intermittent  hemisystole.  The  first  curve 
(I.)  is  like  a  normal  curve,  during  which  the  whole  heart  acted  as  usual.  The  curve  II.,  how- 
ever, is  caused  by  the  right  side  of  the  heart  alone  ;  it  wants  the  closure  of  the  aortic  valves,  d, 
and  there  was  no  pulse  in  the  arteries.  Owing  to  insufficiency  of  the  tricuspid  valve,  the  same 
person  had  a  venous  pulse  with  every  cardiac  impulse,  so  that  the  arterial  and  venous  pulses 
first  occurred  together,  and  then  the  venous  pulse  alone  occurred.  In  these  cases  the  mitral 
insufficiency  leads  to  the  right  ventricle  being  overdistended,  while  the  left  is  nearly  empty,  so 
that  the  right  side  requires  to  contract  more  energetically  than  the  left.  It  does  not  seem  that 
the  right  ventricle  alone  contracts  in  these  cases,  but  rather  that  the  action  of  the  left  side  is 
very  feeble. 

53.  THE  HEART-SOUNDS.— On  listening  over  the  region  of  the  heart  in  a 
healthy  man,  either  with  the  ear  applied  directly  to  the  chest-wall  {Harvey),  or  by 
means  of  a  stethoscope  {Laennec,  1819),  we  hear  two  characteristic  sounds,  the  so- 
called  "  heart-sounds."  The  two  sounds  are  called  first  and  second,  and  together 
they  correspond  to  a  single  cardiac  cycle.  These  sounds  are  separated  by  silences. 
[Fig.  50  shows  the  relation  of  the  events  occurring  in  the  heart  during  a  cardiac 
cycle  to  the  sounds  and  silences.] 

1.  The  first  sound. 

2.  The  first  or  short  silence. 

3.  The  second  sound. 

4.  The  second  or  long  silence. 

[Relative  Duration.— There  is  no  absolute  duration  of  each  phase  of  a  cardiac 
cycle,  but  we  may  take  the  average  duration  calculated  from  the  measurements  of 
Gibson,  in  a  case  of  fissure  of  the  sternum,  to  be  as 
follows : — 


Auricular  systole. 
Ventricular  systole, 
"Ventricular  diastole. 


■112  sec. 
•368  „ 
•578  „ 


Cardiac  cycle,  1^058  sec. 

Suppose  we  divide  the  cycle  into  tenths  ( WaWie), 
then  the  first  sound  will  last  the  first  silence  Jq, 
the  second  sound  and  the  long  silence  ^  of  the 
entire  period.]  no-  ou 

The  first  sound  [long  or  systolic]  is  twice  as  long  gcheme  of  a^clrdiac  cycle.  The 
as,  somewhat  duller,  and  one-third  or  one-fourth  inner  circle  shows  what  events 
deeper,  than  the  second  sound ;  it  is  less  sharply  occur  in  the  heart,  and  the 
defined  at  first,  and  is  synchrmous  with  the  systole  of  outer,  the  relation  of  the  sounds 
the  ventricles  ^     silences  to  these  events. 

The  second  sound  [short  or  diastolic]  is  clearer,  sharper,  shorter,  more  sudden, 
and  IS  one-thu-d  to  one-fourth  higher  ;  it  is  sharply  defined  and  synchronous  with 
the  closure  of  the  semi-lunar  valves.  -  The  sounds  emitted  during  each  cardiac  cycle 
have  been  compared  to  the  pronunciation  of  the  syllables  luhh,  dun.  Or  the  result 
may  be  expressed  thus — 
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[It  is  to  be  remembered  that  in  reality /om?'  sounds  are  produced  in  the  heart, 
but  the  two  first  sounds  occur  together  and  the  two  second,  so  that  only  a  single 
first  and  a  single  second  sound  are  heard.] 

The  causes  of  the  first  sound  are  due  to  two  conditions.  As  the  sound  is  heard, 
although  enfeebled,  in  an  excised  heart  in  which  the  movements  of  the  valves  are 
arrested,  and  also  when  the  finger  is  introduced  into  the  auriculo-ventricular  orifices 
so  as  to  prevent  the  closure  of  the  valves  (C.  Ludwig  and  Dor/iel),  one  of  the  chief 
factors  lies  in  the  "  muscle  sound "  produced  by  tlie  contracting  muscular  fibres  of 
the  ventricles.  This  sound  is  supported  and  increased  by  the  sound  produced  by 
the  tension  and  vibration  of  the  auriculo-ventricular  valves  and  their  chordae 
tendineaj,  at  the  moment  of  the  ventricular  systole.  Wintrich,  by  means  of  proper 
i-esonators,  has  analysed  the  first  sound  and  distinguished  the  clear,  short,  valvular 
part  from  the  deep,  long,  muscular  sound. 

The.  muscle-sound  produced  by  transverscly-slriiKcl  muscle  does  not  occur  with  a  simple  con- 
traction (p.  86),  but  only  when  several  contractions  are  superposed  to  produce  tetanus  (§  303). 
The  ventricular  contraction  is  only  a  simjile  contraction,  but  it  lasts  considerably  longer  than 
the  contraction  of  other  muscles,  and  herein  lies  the  cause  of  the  occurrence  of  the  muscle-sound 
during  the  ventricular  contraction. 

Defective  Heart-Sounds. — In  certain  conditions  (typhus,  fatty  degeneration  of  the  Heart), 
Avhere  the  muscular  substance  of  the  heart  is  much  weakened,  the  iirst  sound  may  be  completely 
inaudible.  In  aortic  insufficiency,  in  consequence  of  the  reflux  of  blood  from  the  aorta  into 
the  ventricle,  the  mitral  valve  is  gradually  stretched,  and  sometimes  even  before  tbe  beginning 
of  the  ventricular  systole,  the  first  sound  may  be  absent.  Such  pathological  conditions  seem  to 
show  that,  for  the  production  of  the  first  sound,  muscle-sound  and  valve-souud  must  eventually 
work  together,  and  that  the  tone  is  altered,  or  may  even  disappear,  when  one  of  these  causes  is 
absent.    [Yeo  and  Barrett  state  that  the  sound  is  purely  muscular  (?).] 

The  cause  of  the  second  sound  is  undoubtedly  due  to  the  prompt  closure,  and 
therefore  sudden  stretching  or  tension,  of  the  semi-lunar  valves  of  the  aorta  and 
pulmonary  artery,  so  that  it  is  purely  a  valvular  sound.  Perhaps  it  is  augmented 
by  the  sudden  vibration  of  the  fluid-particles  in  the  large  arterial  trunks.  [The 
second  sound  has  all  the  characters  of  a  valvular  sound.  That  the  aortic  valves 
are  concerned  in  its  production,  is  proved  by  introducing  a  curved  wire  through  the 
left  carotid  artery  and  hooking  up  one  or  more  segments  of  the  valve,  when  the 
sound  is  modified,  and  it  may  disappear  or  be  replaced  by  an  abnormal  sound  or 
"  murmur."  Again,  when  these  valves  are  diseased,  the  sound  is  altered,  and  it 
may  be  accompanied  or  even  displaced  by  murmurs.]  Although  the  aortic  and 
pulmonary  valves  do  not  close  simultaneously,  usually  the  difference  in  time  is 
so  small  that  hoth  valves  make  one  sound,  but  the  second  sound  may  be  double 
or  divided  when,  through  increase  of  the  difference  of  pressure  in  the  aorta 
and  pulmonary  artery,  the  interval  becomes  longer.  Even  in  health  this  may  be 
the  case,  as  occurs  at  the  end  of  inspiration  or  the  beginning  of  expiration  {v. 
Dusch). 

Where  the  Sounds  are  Heard  Loudest.— The  sound  produced  by  the  tiyusjnd 
vcdve  is  heard  loudest  at  the  junction  of  the  lower  right  costal  cartilages  with  the 
sternum  ;  as  the  mitral  valve  lies  more  to  the  left  and  deeper  in  the  chest,  and  is 
covered  in  front  by  the  arterial  orifice,  the  mitral  sound  is  best  heard  at  the  apex- 
beat,  or  immediately  above  it,  where  a  strip  of  the  left  ventricle  lies  next  the  chest- 
wall.  [The  sound  is  conducted  to  the  part  nearest  the  ear  of  the  listener  by  the 
muscular  substance  of  the  heart.]  The  aortic  and  pulmonary  orifices  lie  so  close 
together  that  it  is  convenient  to  listen  for  the  second  {aortic)  sound  in  the  direction 
of°the  aorta,  where  it  comes  nearest  to  the  surface,  i.e.,  over  the  second  right  costal 
cartilage  or  aortic  cartilage  close  to  its  junction  with  the  sternum.  The  sound, 
althoucrh  produced  at  the  semi-lunar  valves,  is  carried  upwards  by  the  column  of 
blood,  °and  by  the  walls  of  the  aorta.  The  sound  produced  by  the  pulmonari/  artery 
is  heard  most  distinctly  over  the  third  left  costal  cartilage,  somewhat  to  the  left 
and  external  to  the  margin  of  the  sternum  (fig.  51). 
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54.  VAEIATIONS  OF  THE  HEAET-SOUNDS. —Increase  of  the  first  sound  of  both  ventricles 
indicates  a  more  energetic  contraction  of  the  ventricles  and  a  simultaneously  greater  and  more 
sudden  tension  of  the  auriculo-vontricular  valves.  Increase  of  the  second  sound  is  a  sign  of 
increased  tension  in  the  interior  of  the  corresponding  large  arteries.    Hence  increase  of  the 


Fig.  51.  V 

The  heart— its  several  parts  and  great  vessels  in  relation  to  the  front  of  the  thorax.  The  lungs 
are  collapsed  to  their  normal  extent,  as  after  death,  exposing  the  heart.  The  outlines  of 
the  several  parts  of  the  heart  are  indicated  by  very  fine  dotted  lines.  The  area  of  pro- 
pagation of  valvular  murmurs  is  marked  out  by  more  visible  dotted  lines.  A,  the  circle 
of  mitral  murmur,  corresponds  to  the  left  apex.  The  broad  and  somewhat  diffused  area, 
roughly  triangular,  is  the  region  of  tricuspid  murmurs,  and  corresponds  generally  with 
the  right  ventricle,  where  it  is  least  covered  by  lung.  The  letter  C  is  in  its  centre.  Tlie 
circumscribed  circular  area,  D,  is  the  part  over  which  the  pulmonic  arterial  murmurs 
are  commonly  heard  loudest.  In  many  cases  it  is  an  inch,  or  even  more,  lower  down, 
con-espondmg  to  the  conus  arteriosus  of  the  right  ventricle,  where  it  touches  the  wall  of 
the  thorax.  The  internal  organs  and  parts  of  organs  are  indicated  by  letters  as  follows  :— 
r.au,  right  auricle,  traced  in  fine  dotting ;  ao,  arch  of  aorta,  seen  in  the  first  intercostal 
space,  and  traced  in  fine  dotting  on  the  sternum  ;  v.i.,  the  two  innominate  veins  ;  r.v, 
right  ventricle  ;  Z.u,  left  ventricle. 

second  (pulinonary)  sound  indicates  overfilling  and  excessive  tension  in  the  pulmonary  circuit. 
A  jeeOlc  action  of  the  heart,  as  well  as  abnormal  want  of  blood  in  the  heart,  causes  weak 
Heart-sounds,  which  is  the  case  in  degenerations  of  the  heart-muscle. 
Irregularities  in  structure  of  the  individual  valves  may  cause  the  heart-sounds  to  become 
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"impure."  If  a  pathological  cavity,  filled  with  aii',  be  so  placed,  and  of  such  a  form  as  to  act 
as  a  resonator  to  the  heart-sounds,  they  may  assume  a  "metallic"  character.  The  first  and 
second  sounds  maybe  "reduplicated"  or  [although  "  duplication "  is  a  more  accurate  terra 
{Ban-)]  doubled.  The  reduplication  of  the  first  sound  is  explained  by  the  tension  of  the 
tricuspid  and  that  of  the  mitral  valves  not  occurring  simultaneously.  Sometimes  in  disease  a 
sound  is  produced  by  a  hypcrtrophied  auricle  producing  an  audible  preByBtolic  Bound,  i.e.,  a 
sound  or  "murmur,"  preceding  the  first  sound.  [This  has  been  questioned  quite  recently.] 
As  the  aortic  and  pulmonary  valves  do  not  close  quite  simultaneously,  a  reduplicated  second  sound 
is  only  an  increase  of  a  physiological  condition.  All  conditions  which  cause  the  aortic  valves 
to  close  rapidly  (diminished  amount  of  blood  in  the  left  ventricle)  and  the  pulmonary  valves  to 
close  later  (congestion  of  the  right  ventricle — both  conditions  together  in  mitral  stenosis), 
favour  the  production  of  a  reduplicated  second  sound. 

Cardiac  Murmurs. — If  irregularities  occur  in  the  valves,  either  in  cases  of  stenosis  or  in 
insufficiency,  so  that  the  blood  is  subjected  to  vibratory  oscillations  and  friction,  then,  instead 
of  the  heart-sounds,  other  sounds — murmurs  or  bruits — arise  or  accompany  these.  A  combina- 
tion of  these  sounds  is  always  accompanied  by  disturbances  of  the  circulation.  [These  murmurs 
may  be  produced  within  the  heart,  when  they  are  termed  endocardial ;  or  outside  it,  when  they 
are  called  exocardial  murmurs.  But  other  murmurs  are  due  to  changes  in  the  quality  or 
amount  of  the  blood,  when  they  are  spoken  of  as  hsemic  murmurs.  In  the  study  of  all  murmurs, 
uote  their  rhythm  or  exact  relation  to  the  normal  sounds,  their  ■point  of  maximum  iniensity,  and 
the  direction  in  which  the  miirmur  is  propagated.]  It  is  rare  that  tumours  or  other  deposits 
projecting  into  the  ventricles  cause  murmurs,  unless  there  be  present  at  the  same  time  lesions 
of  the  valves  and  disturbances  of  the  circulation.  The  cardiac  murmurs  are  always  related  to 
the  systole  or  diastole,  and  usually  the  systolic  are  more  accentuated  and  louder.  Sometimes 
they  are  so  loud  that  the  thorax  trembles  under  their  ii-regular  oscillations  {f  remitus,  fremisse- 
ment  cataire).  . 

In  cases  where  diastolic  murmurs  are  heard,  there  are  always  anatomical  changes  in  the  cardiac 
mechanism.  These  are  insufficiency  of  the  arterial  valves,  or  stenosis  of  the  auriculo-ventricular 
orifice  (usually  the  left).  Systolic  murmurs  do  not  always  necessi,tate  a  disturbance  in  the 
cardiac  mechanism.  They  may  occur  on  the  left  side,  owing  to  insufficiency  of  the  mitral 
valve,  stenosis  of  the  aorta,  and  in  the  calcification  and  dilatation  of  the  ascending  part  of  the 
aorta.  These  murmurs  occur  very  much  less  frequently  on  the  right  side,  and  are  due  to 
insufficiency  of  the  tricuspid  and  stenosis  of  the  pulmonary  orifice*.  ,    ,   .       ,  ,  . 

Functional  Murmurs.— Systolic  murmurs  often  occur  without  any  valvular  lesion,  althougti 
they  are  always  less  loud,  and  are  caused  by  abnormal  vibrations  of  the  valves  or  arterial  walls. 
They  occur  most  frequently  at  the  orifice  of  the  pulmonary  artery  [and  are  generally  heard  at 
the  base],  less  frequently  at  the  mitral,  and  still  less  frequently  at  the  aortic  or  the  tricuspid 
orifice.  Anfemia,  general  malnutrition,  acute  febrile  aff"ections,  are  the  causes  of  these  murmurs. 
[Some  of  these  are  due  to  an  altered  condition  of  the  blood,  and  are  called  haemic,  and  others 
to  defective  cardiac  muscular  nutrition,  and  are  called  dynamic  {Walshc).]  _ 

Sounds  may  also  occur  during  a  certain  stage  of  inflammation  of  the  pericardium  (pericarditis) 
from  the  roughened  surfaces  of  this  membrane  rubbing  upon  each  other.  Audible  faction 
sounds  are  thus  produced,  and  the  vibration  may  even  be  perceptible  to  touch.  [Ihese  are 
"friction  sounds,"  and  quite  distinct  from  sounds  produced  withm  the  heart  itselt.J 

55.  DURATION  OF  THE  MOVEMENTS  OF  THE  HEAET.— The  heart  con- 
tinues to  beat  for  some  time  after  it  is 
cut  out  of  the  body.  The  movement 
lasts  longer  in  cold-blooded  animals  (frog, 
turtle) — extending  even  to  days — than  in 
mammals.  A  rabbit's  heart  beats  from 
3  minutes  up  to  36  minutes  after  it  is  cut 
out  of  the  body.  The  average  of  many 
experiments  is  about  1 1  minutes.  [Waller 
and  Reid  recorded  the  ventricular  contrac- 
tions of  a  rabbit's  heart  72  minutes  after 
its  excision.  Fig.  52  show  s  the  prolonga- 
tion of  the  ventricular  systole  in  an  ex- 
c     ■   1  f  1  ft  ,„;„c  nffr^r  cised  rabbit's  heart,  the  movements  being 

Curves  of  excised  rabbit  s  heart,  1,  6  mins.  alter  10,^^  , 

excision;  2,  10  mins.;  3,  20  mins.;  4,  70  recorded  by  a  lever  resting  on  the  heart.] 
■  mins.  (after  Waller  and  Reid).  Panum  found  the  last  trace  of  contraction 

to  occur  in  the  right  auricle  (rabbit)  15  hours  after  death  ;  in  a  mouse's  heart,  46 
hours  -  in  a  dog'sfoe  hours.    An  excised  frog's  heart  beats,  at  the  longest,  2^  days 
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•(  Valentin).  In  a  human  embryo  (third  month)  the  heart  was  found  beating  after 
4  hours.  In  this  condition  stimulation  causes  an  increase  and  acceleration  of  the 
action.  The  ventricular  contraction  weakens,  and  soon  each  auricular  contraction  is 
not  followed  by  a  ventricular  contraction,  two  or  more  of  the  former  being  suc- 
ceeded by  only  one  of  the  latter.  At  the  same  time  the  ventricles  contract  more 
slowly  (tig.  46),  and  soon  stop  altogether,  while  the  auricles  continue  to  beat.  If 
the  ventricles  be  stimulated  directly,  as  by  pricking  them  with  a  pin,  they  may 
execute  a  contraction.  The  left  auricle  soon  ceases  to  beat,  while  the  right  auricle 
still  continues  to  contract.  The  right  auricular  appendix  continues  to  beat  longest, 
as  was  observed  by  Galen  and  Cardanus  (1550),  and  it  is  termed  "ultimum 
moriens."  Similar  observations  have  been  made  upon  the  hearts  of  persons  who 
have  been  executed. 

If  the  heart  has  ceased  to  beat,  it  may  be  excited  to  contract  for  a  short  time  by 
direct  stimulation,  more  especially  by  heat  {Harvey) ;  even  under  these  circum- 
stances the  auricles  and  their  appendices  are  the  last  parts  to  cease  contracting. 
As  a  general  rule,  direct  stimulation,  although  it  may  cause  the  heart  to  act  more 
vigorously  for  a  short  time,  brings  it  to  rest  sooner.  In  such  cases,  therefore,  the 
regular  sequence  of  events  ceases,  and  there  is  usually  a  twitching  movement  of  the 
muscular  fibres  of  the  heart.  C.  Ludwig  found  that,  even  after  the  excitability  is 
extinguished  in  the  mammalian  heart,  it  may  be  restored  by  injecting  arterial  blood 
into  the  coronary  arteries :  conversely  lesion  of  these  vessels  is  followed  by 
■enfeebled  action  of  the  heart  (§  47).  Hammer  found  that  in  a  man,  whose  left 
■coronary  artery  was  plugged,  the  pulse  fell  from  80  to  8  beats  per  minute. 

[The  beats  of  the  excised  heart  of  a  rabbit  gradually  decline  in  force  and  frequency,  the  latent 
period  and  contraction  become  longer  and  the  excitability  moi'e  obtuse.  The  duration  of  a  con- 
traction may  be  6  sec,  the  normal  being  sec.  The  beats  have  often  a  bigeminal  character.  An 
excised  heart  may  be  frozen  quite  hard,  yet  on  being  thawed  it  contracts  spontaneously.  The 
contraction  proceeds  in  a  wave  from  the  spot  stimulated  in  the  frog's  heart  at  8°  to  12°  C.  at  30 
to  90  mm.  per  sec ;  in  the  mammalian  excised  heart  about  8  metres  per  sec.  (  Waller  ami  Bcid).] 

Action  of  Gases  on  the  Heart. — During  its  activity  tlie  heart  uses  0,  and  produces  C0„,  so 
that  it  beats  longest  in  pure  0  (12  hours),  and  not  so  long  in  N, — H  (1  hour) — COo  (10  minutes) 
— CO  (42  minutes) — CI  (2  minutes),  or  in  a  vacuum  (20  to  30  minutes),  even  when  there  is  watery 
vapour  present  to  prevent  evaporation.  Jf  the  heart  be  reintroduced  into  0  it  begins  to  beat 
again.  [A  frog's  heart  ceases  to  beat  in  compressed  0  (10  to  12  atmospheres)  in  about  one-third 
of  the  time  it  would  do  were  it  simply  excised  and  left  to  itself.  An  excised  heart  suspended 
in  ordinary  air  beats  three  to  four  times  as  long  as  a  heart  which  is  placed  upon  a  glass-plate.] 

[56.   PHYSICAL  EXAMINATION   OJ"  THE    HEART.— The  physical 
methods  of  diagnosis  enable  us  to  obtain  precise  knowledge  regarding  the  actual 
state  of  the  heart.    The  methods  available  are  : — 
1.  Inspection, 


2.  Palpation. 


3.  Percussion. 

4.  Auscultation. 


To  arrive  at  a  correct'diagnosis  all  the  methods  must  be  employed.] 
[Inspection. — Tlie  person  is  supposed  to  have  his  chest  exposed  and  to  be  in  the  recumbent 
position.  It  is  important  to  remember  the  limits  of  the  heart.  The  base  corresponds  to  a  line 
joining  the  upper  margins  of  the  third  costal  cartilages,  the  apex  to  the  fifth  interspace,  while  trans- 
versely It  extends  from  a  little  to  the  right  of  the  sternum  to  within  a  little  of  the  left  nipple  ; 
this  area  occupied  by  the  heart  being  called  the  deep  cardiac  region.  By  the  eye  we  can  detect 
any  alteration  in  the  configuration  of  the  pnecordia,  bulging  or  retraction  of  the  region  as  a 
whole  or  of  the  intercostal  spaces,  and  we  may  detect  variations  in  the  position,  character, 
extent  of  the  cardiac  impulse,  or  the  presence  of  other  visible  pulsations.] 

[Palpation.— By  placing  the  whole  hand  flat  upon  the  j)rajcordia,  we  cnn  ascertain  the 
presence  or  absence,  the  situation  and  extent,  and  any  alterations  in  the  characters  of  the  apex- 
beat  ;  or  we  may  detect  the  existence  of  abnormal  pulsations,  vibrations,  thrills,  or  friction  in 
this  region.  In  feeling  for  the  apex-beat,  if  it  be  at  all  feeble,  it  is  well  to  make  the  patient 
Jean  forward.  Of  course,  it  must  be  remembered  that  the  whole  heart  may  be  displaced  by 
tumours  or  accumulations  of  fluids  pressing  upon  it,  t.c,  conditions  external  to  itself,  or  the 
apex-beat  may  be  displaced  from  causes  witliin  the  heart  itself,  as  in  liyTiei  troiihy  of  tlie  left 
ventricle.]  ^  ..    .  .  ji        i  j 
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[Percussion. — As  tho  heart  is  a  solid  organ,  and  is  surrounded  by  the  lungs,  which  contain 
air,  it  is  evident  that  tlie  sound  emitted  by  striking  the  chest  over  tlie  region  of  the  former 
must  bo  dillerent  from  that  produced  over  the  latter.  Not  only  is  there  a  difference  in  the 
sound  or  note  emitted,  but  the  "  sensation  of  resistance  "  wliich  one  feels  on  percussing  the  two 
organs  is  different.    "We  may  ascertain — 

1.  The  superficial  or  absolute  cardiac  dulness, 

2.  The  deep  or  relative  dulness.] 

[Superficial  Cardiac  Dulness. — This  theoretically  is  the  part  of  the  heart  in  direct  contact 
with  the  chest-wall  and  uncovered  by  lung,  but  obviously  as  the  lungs  vary  in  size  during 
respiration,  it  must  be  smaller  during  inspiration  and  larger  during  expiration.  It  forms  a 
roughly  triangular  space,  whose  base  cannot  be  accurately  determined,  as  the  heart-dulness 
merges  into  that  of  the  liver,  situate  below  it,  but  it  corresponds  to  a  horizontal  line  2^  inches 
long,  extending  from  the  apox-beat  to  the  middle  of  the  sternum.  The  internal  side  coiTe- 
sponding  to  the  left  edge  of  tlie  sternum  is  2  inches  long,  and  reaches  from  the  junction  of  the 
fourth  costal  cartilage  with  the  sternum — apex  of  the  triangle — to  the  sternal  end  of  the  base 
line.  The  superior,  outer,  or  oblique  line,  3  inches  in  length,  is  somewhat  curved,  and  passes 
downwards  and  outwards  from  the  apex  of  the  triangle  to  the  apex  of  the  heart.] 

[Deep  Cardiac  Dulness.  — By  this  method  theoretically  we  seek  to  define  the  exact  limits  of 
the  heart  as  a  whole,  and  thus  to  ascertain  its  absolute  size,  and  of  course  percussion  has  to  be 
done  through  a  certain  thickness  of  lung  tissue,  and  hence  one  must  strike  the  pleximeter 
forcibly.  It  extends  vertically  from  the  third  rib  and  ends  at  the  sixth,  but  owing  to  the 
cardiac  merging  in  the  hepatic  dulness,  this  lower  limit  cannot  be  accurately  ascertained ;  while 
transversely  at  the  fourth  rib  it  extends  from  just  within  the  nipple  line  to  slightly  beyond  the 
right  of  the  sternum.  By  these  means  we  may  detect  increase  in  the  size  of  the  heart  or  altera- 
tions in  the  relation  of  the  lungs  to  the  heart,  fluid  in  pericardium,  &c.] 

[Auscultation.— This  is  one  of  the  most  valuable  methods,  for  by  it  we  can  detect  variations 
and  modifications  in  the  healthy  sounds  of  the  heart,  the  rhythm  and  frequency  of  the  heart- 
beat, the  existence  of  abnormal  sounds,  and  their  exact  relation  to  the  normal  sounds,  also 
their  characters  and  relation  to  the  cardiac  cycle,  and  the  direction  in  which  these  sounds  are 
propagated  (§  54).] 

57.  INNERVATION  OF  THE  HEAET.— [Intra-  and  Extra-Cardiac  Nervous 
Mechanism. — When  the  heart  is  removed  from  the  body,  or  when  all  the  nerves 
which  pass  to  it  are  divided,  it  still  beats  for  some  time,  so  that  its  movements 
must  depend  upon  some  mechanism  situated  within  itself.  The  ordinary  rhythmical 
movements  of  the  heart  are  undoubtedly  associated  ivith  the  presence  of  nerve 
ganglia,  which  exist  in  the  substance  of  the  heart — the  intra-cardiac  ganglia.  But 
the  movements  of  the  heart  are  influenced  by  nervous  impulses  which  reach  it  from 
without,  so  that  there  falls  to  be  studied  an  intra-cardiac  and  an  extra-cardiac 
nervous  mechanism.] 

The  cardiac  plexus  is  composed  of  the  following  nerves: — (1)  The  cardiac 
branches  of  the  vagus,  the  branch  of  the  same  name  from  the  external  branch  of 
the  superior  laryngeal,  a  branch  from  the  inferior  laryngeal,  and  sometimes  branches 
from  the  pulmonary  plexus  of  the  vagus  (more  numerous  on  the  right  side) ;  (2) 
the  superior,  middle,  inferior,  and  lowest  cardiac  branches  of  the  three  cervical 
ganglia  and  the  first  thoracic  ganglia  of  the  sympathetic ;  (3)  the  inconstant  twig 
of  the  descending  branch  of  the  hypoglossal  nerve,  which,  according  to  Luschka, 
arises  from  the  upper  cervical  ganglion.  From  the  plexus  there  proceed— the  deep 
and  the  superficial  nerves  (the  latter  usually  at  the  division  of  the  pulmonary 
artery  under  the  arch  of  the  aorta,  and  containing  the  ganglion  of  Wrisberg) 
(§  370).    The  following  nerves  may  be  separately  traced  from  the  plexus  :— 

(a)  The  plexus  coronarius  dexter  and  sinister,  which  contains  the  vaso-motor 
nerves  for  the  coronary  vessels  (physiological  proof  still  wanting)  as  well  as  the 
nerves  (sensory  ?)  proceeding  from  them  (to  the  pericardium  1). 

(b)  Intra-cardiac  nerves  and  ganglia.— The  nerves  lying  in  the  grooves  of  the 
heart  and  in  its  substance  contain  numerous  ganglia  (Eemak),  and  are  regarded  as 
the  automatic  motor  centres  of  the  heart.  A  nervous  ring  contamiug  numerous 
ganglia  corresponds  to  the  margin  of  the  septum  atriorum  ;  there  is  another  in  the 
auriculo-ventricular  groove.    Where  the  two  meet,  they  exchange  fibres,  ine 
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ganglia  usually  lie  near  the  pericardium.  In  mammals,  the  two  largest  ganglia  lie 
near  the  orifice  of  the  superior  vena  cava — in  hirds,  the  largest  ganglion  (containing 
thousands  of  ganglionic  cells)  lies  posteriorly  where  the  longitudinal  and  transverse 
sulci  cross  each  other.  Fine  branches,  also  provided  with  small  ganglia,  proceed 
from  these  ganglia,  and  penetrate  the  muscular  walls  of  the  auricles  and  ventricles. 

[Frog's  Heart.— The  frog's  heart  consists  of  the  dnus  vcnosus,  into  wliich  open  the  single 
inferior  and  the  two  superior  venae  cavre  (iig.  54).  There  are  tioo  auricles  ;  the  right  one  com- 
municates with  the  sinus  venosus,  and  opens  into  the  single  ventricle ;  the  left  auricle  also 
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Kg.  53.  Fig.  54. 

Heai-t  of  frog  from  the  front.    V,  single  ven-       Heart  of  frog  from  behind,    s.v.,  sinus  ve- 
tricle  ;  Ad,  As,  right  and  left  auricles  ;  nosns  opened  ;  ci,  inferior  ;  csd,  ess,  right 

B,  bulbus  arteriosus  ;  1,  carotid,  2,  aorta,  and  left  superior  ven£e  cav£e  ;  vp.,  pul- 

and  3,  pulmo-cutaneous  arteries ;  C,  ca-  monary  vein ;  Ad,  and  As,  right  and 

rotid  gland.  left  auricles  ;  Ap,  communication  between 

the  right  and  left  auricle, 
opens  into  the  si7igle  ventricle  (fig.  53,  v),  and  in  the  latter  are  mixed  the  venous  blood  returned 
by  the  right  auricle  and  the  arterial  blood  from  the  left  auricle.    The  aorta  with  its  hulbus 
arteriosus  conducts  the  blood  from  the  ventricle.    The  various  orifices  are  guarded  by  projec- 


B 

Fig.  55.  Y\f  56 

^""'"'^l  5  ^  -^^^  ^'r*V     '  ganglionic"  bi-polar  nerve-cell  from 

diac  v«^^J  i',  posterior  branch  of  the  car-  the  heart  of  a  frog.  L,  sheath ;  n,  straight 

diac  vagus  ;  B,  Bidder's  ganglion.  process  ;  o,  spiral  process. 

Thh  slfini^ f ^^^^f  •  completely  separated  by  a  septum. 

ormceTtr  Tl\  1  w  ^  frei,'=T^ve  margin  so  as  to  divide  thi  auriculo^entricular 
close  it.f      ^  ^^"^  guarded  by  two  thick  fleshy  valves,  which 

su[Sro7trP^in,?Zn^''^'''°  branches  of  the  vagi-tlie  nervi  cardiaci-procced  to  the  posterior 
^ith  a  n^iber  of^L^^^^^^^^^  latter  joins  the  auricle  they  interlace,  and  arc  mixed 

witn  a  number  of  ganglion  cells  (fig.  5/ ).    This  spot  is  caUed  Remak's  ganglion,  is  sometimes 
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single,  at  others  double,  and  it  can  be  seen  as  a  wliito  "crescent"  when  the  heart  is  lifted  up 
and  looked  at  IVoni  behind  (fig.  54).  The  cardiac  nerves  proceed  downwards  on  the  auricular 
septum,  exchantjing  fibres  in  their  course  to  join  two  ganglia  at  the  auritulo-ventricular  groove, 
and  known  as  Bidder's  ganglia  (lig.  57).  It  lias  been  stated  by  one  observer  that  the  bulbus 
arteriosus  contains  ganglionic  cells,  but  this  is  denied  by  others.] 

Accoriling  to  Openchowsky,  every  part  of  the  heart  (frog,  triton,  tortoi.sc)  contains  nerve- 
libres  whicli  arc  connected  with  every  muscular  fibre.    In  the  auricles,  at  the  end  of  the  non- 
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Fig.  57. 

Scheme  of  nerves  of  frog's  heart. 
R.  Remak's,  and  B,  Bidder's  gan- 
glia ;  S.V.,  sinus  venosus  ;  A, 
auricles;  V,  ventricle;  B.A., 
bulbus  arteriosus  ;  vag,  vagi. 


Fig.  58. 

Stannius's  experiment.  A,  auricle ; 
V,  ventricle  ;  S.  V.,  sinus  venosus. 
The  zig-zag  lines  indicate  which 
parts  continue  to  beat ;  in  2  the 
ventricle  beats  at  a  different  rate. 


meduUated  fihre,  a  tri-radiate  nucleus  exists  which  gives  off  fibrils  to  the  muscular  bundles. 
There  is  a  network  of  fine  nerve-fibres  distributed  immediately  under  the  endocardium— these 
fibres  act  partly  in  a  centripetal  direction  on  the  cardiac  ganglia,  and  are  partly  mulor  for  the 
endocardial  muscles.  The  parietal  layer  of  the  jiericardium  contains  (sensory)  nerve-fibres. 
The  following  kinds  of  nerve-cells  are  iomidi— unipolar  cells,  the  single  processes  of  which  after- 
wards divide  ;  bipolar  pyriform  ceUs  (fig.  56),  which  in  the  frog  possess  a  straight  (n)  and 
usually  also  a  spiral  process  (o). 

58.  THE  AUTOMATIC  MOTOE  CENTRES  OF  THE  HEART.— (1)  It  is 

generally  assumed  that  the  nervous  centres  which  excite  the  cardiac  movements, 
and  maintain  the  rhythm  of  these  movements,  lie  within  the  heart,  and  that  they 
are  probably  represented  by  the  ganglia. 

(2)  There  are — not  one,  but  several  of  these  centres  in  the  heart,  which  are 
connected  with  each  other  by  conducting  paths.  As  long  as  the  heart  is  intact,  all 
its  parts  move  in  rhythmical  sequence  from  a  principal  central  point,  an  impulse 
being  conducted  from  this  centre  through  the  conducting  paths._  What  the 
"discharging  forces"  of  these  regular  progressive  movements  are,  is  unknown. 
If,  however,  the  heart  be  subjected  to  the  action  of  diffuse  stimuli  {e.g.,  strong 
electrical  currents),  all  the  centres  are  thrown  into  action,  and  a  spasm-like  action 
of  the  heart  occurs.  The  dominating  centre  lies  in  the  auricles,  hence  the  regular 
progressive  movement  usually  starts  from  them.  If  the  excitability  is  diminished, 
as  by  touching  the  septum  with  opium,  other  centres  seem  to  undertake  this 
function,  in  which  case  the  movement  may  extend  from  the  ventricles  to  the 
auricles.  According  to  Kronecker  and  Schmey,  in  the  dog's  heart  there  is  a  spot 
above  the  lower  limit  of  the  upper  third  of  the  ventricular  septum,  which,  when  it 
is  injured,  e.g.,  by  destroying  it  with  a  stout  needle,  brings  the  heart  to  a  stand- 
still ;  this  has  been  called  a  co-ordinating  centre. 

(3)  All  stimuli  of  moderate  strength  applied  directly  to  the  heart  cause  at  first 
an  increase  of  the  rhythmical  heart-beats  ;  stronger,  stimuli  cause  a  diminution,  and 
it  may  be  paralysis,  which  is  often  preceded  by  a  convulsive  movement.  Increased 
activity  exhausts  the  energy  of  the  heart  sooner. 

(4)  Single  very  weak  stimuli,  which  have  no  effect  on  the  heart  when  applied 
singly,  if  repeated  sufficiently  often,  may  become  active  owing  to  "summation  of 
the  stimuli  "  (v.  Basch).  . 

(5)  Even  the  weakest  stimulus  which  can  excite  a  contraction  always  causes  an 
energetic  contraction,  i.e.,  "the  minimal  stimulus  causes  a   maximal  effect 
{Bowditch,  Kronecker  and  Stirling). 
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(6)  After  every  contraction  of  the  heart  there  is  a  short  period  of  "  diminished 
excitability"  or  Marey's  "refractory  period,"  during  which  the  heart  is  less 
susceptible  to  further  stimulation. 

(7)  The  non-gangliouic  apex  of  the  heart,  when  it  is  not  stimulated,  no  longer 
beats  spontaneously,  but  it  responds  each  time  by  a  single  contraction  to  a  single 
direct  stimulus.  If,  however,  a  continuous  stimulus,  e.g.,  a  continuous  current  of 
electricity,  be  applied  to  it,  it  executes  a  series  of  beats.  Such  continuous  stimuli 
are  obtained  through  a  continuous  pressure  of  fluid,  exerted  on  the  interior  of  the 
heart  or  by  moistening  the  heart  with  chemical  substances. 

(8)  The  auricular  centres  seem  to  be  more  excitable  than  those  of  the  ventricle  ; 
hence,  in  a  heart  left  to  itself  the  auricles  pulsate  longest. 

(9)  The  heart  may  be  excited  (reflexly)  from  its  inner  surface.  Weak  stimuli 
applied  to  the  inner  surface  of  the  heart  greatly  accelerate  the  heart's  action,  the 
stimulus  required  being  much  feebler  than  that  applied  to  the  external  surface  of 
the  heart.  Strong  stimuli,  which  bring  the  heart  to  rest,  also  act  more  easily  when 
applied  to  the  inner  surface  than  when  they  are  applied  to  its  outer  surface.  The 
ventricle  is  always  the  first  part  to  be  paralysed. 

(10)  In  order  that  the  heart  may  continue  to  contract,  it  is  necessary  that  it  be 
supplied  with  a  fluid  which,  in  addition  to  O,  must  contain  the  necessary  nutritive 
materials.  The  most  perfect  fluid,  of  course,  is  blood.  Hence  the  heart  after  a 
time  ceases  to  beat  in  an  indifferent  fluid  (0-6  per  cent,  sodium  chloride),  but  its 
activity  may  be  revived  by  supplying  it  with  a  proper  nutritive  fluid. 

Cardiac  Nutritive  Fluids.— These  nutritive  fluids  are  such  as  contain  serum-albumin,  ey 
blood,  serum,  or  lymph.  Serum  retains  its  nutritive  properties  even  after  it  has  been  subjected 
to  dittusion  {Martius  and  Kronecker).  Milk  and  whey  {v.  Ott),  normal  saline  solution  mixed  witli 
blood,  albumin,  or  peptone,  and  0-3  per  cent,  sodium  carbonate  {Kronecker,  Merunowicz  and 
btienon),  a  trace  of  caustic  soda  (Gaide),  or  a  solution  of  the  salts  of  serum,  are  suitable.  Alka- 
line solution  of  soda  revives  a  feebly  beating  heart  by  neutralising  tlie  acid  formed  in  the  cardiac 
muscle,  or  normal  saline  contamiug  calcic  phosphate  and  potassic  chloride  (,S'.  Ringer). 

(11)  The  independent  pulsations  of  parts  of  the  heart  which  are  devoid  of 
ganglia,  show  that  the  presence  of  ganglia  is  not  absolutely  necessary  in  order  to 
have  rhythmical  pulsation.  Direct  stimulation  of  the  heart  may  cause  these  move- 
ments. But  the  ganglia  are  more  excitable  than  the  heart  muscle  itself,  and  they 
conduct  the  impulses  which  lead  to  the  regular  alternating  action  of  the  various 
parts  of  the  heart,  so  that,  under  normal  circumstances,  we  must  assume  that  the 
action  of  the  heart  is  governed  by  the  ganglia. 

(12)  If  a  heart  be  cut  into  pieces,  so  that  the  individual  pieces  stUl  remain 
connected  with  each  other,  the  regular  peristaltic  or  wave-like  movements  proceeding 
from  the  auricles  to  the  ventricle  may  continue  for  a  long  time  {Bonders, 
hngelmann).  If  the  heart,  however,  be  completely  divided  into  two  distinct  pieces 
(auricle  and  ventricle),  the  movements  of  both  parts  continue,  but  not  in  the  same 
sequence— they  beat  at  different  rates. 

The  chief  experiments  upon  which  the  above  statements  are  based  are  as 
follows  : — 

I.  Experiments  by  cutting  and  ligaturing  the  heart.  These  experiments  have 
been  made  chiefly  upon  the  heart  of  the  frog.  The  ligature  experiments  are  per- 
ormed  by  tightening  and  then  relaxing  a  ligature  placed  around  the  heart,  so  that 
the  physiological  connection  is  destroyed,  while  the  anatomical  or  mechanical  con- 
nections (continuity  of  the  cardiac  wall,  intact  condition  of  its  cavities)  still  exist, 
itie  most  important  of  these  experiments  are-- 

(1)  Stannius's  Experiment— If  the  sinus  venosus  of  a  frog's  heart  be  separated 
om  the  auricles,  either  by  an  incision  or  by  a  ligature,  the  auricles  and  ventricle 
stand  still  in  diastole,  whilst  the  veins  and  the  remainder  of  the  sinus  continue  to 
Dear  ^ng.  Ob,  1).    If  a  second  incision  be  made  at  the  auriculo-ventricular  groove, 
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as  a  rule  the  ventricle  begins  at  once  to  beat  again,  whilst  the  auricles  remain  in 
the  condition  of  diastolic  rest.  [Thus  the  sinus  venosus  and  ventricle  continue  to 
beat,  while  the  auricle  stands  still,  but  the  two  former  no  longer  beat  with  the  same 
rhythm,  the  ventricle  usually  beats  more  slowly,  as  is  shown  in  fig.  58,  2,  by  the 
large  zig-zags.]  According  to  the  position  of  the  second  ligature  or  incision,  the 
auricles  may  also  beat  along  with  the  ventricles,  or  the  auricles  alone  may  beat, 
while  the  ventricles  remain  at  rest. 

Theoretical. — Various  explanations  of  these  experiments  have  been  given  : — (a)  Remak's 
ganglion  in  the  sinus  venosus  is  distinguished  by  its  great  excitability,  while  Bidder's  ganglion 
in  the  uuriculo-ventricular  gi'oove  is  less  excitable  ;  in  the  normal  condition  of  the  heart  the 
motor  impulse  is  carried  from  the  former  to  the  latter.  If  the  sinus  venosus  be  separated  from 
the  heart,  Remak's  ganglion  has  no  action  on  the  heart.  The  heart  stops  for  two  reasons — 
first,  because  Bidder's  ganglion  alone  has  not  sufiftcient  energy  to  excite  it  to  action,  and  because 
the  inhibitory  fibres  of  the  vngus  going  to  the  heart  have  been  stimulated  by  being  divided  at 
this  point  (Heidcnhain).  [That  stimulation  of  the  inhibitory  fibres  of  the  vagus  is  not  the 
cause  of  the  standstill,  is  proved  by  the  fact  that  the  standstill  occurs  even  after  the  adminis- 
tration of  atropine,  which  paralyses  the  cardiac  inhibitory  mechanism.]  The  passive  heart, 
however,  may  be  made  to  contract  by  mechanically  stimulating  Bidder's  ganglion,  e.g.,  by  a 
slight  prick  with  a  needle  in  the  auriculo-ventricular  groove,  or  by  the  action  of  a  constant 
current  of  moderate  strength  (Eckhard),  the  ventricular  pulsation  at  the  same  time  preceding 
the  auricular  {v.  Bezold,  Betiistein).  If  the  auriculo-ventricular  groove  be  divided,  the  ventricle 
pulsates  again,  because  Bidder's  ganglion  has  been  stimulated  by  the  act  of  dividing  it ;  while, 
at  the  same  time,  the  ventricle  is  withdrawn  from  the  inhibitory  influence  of  the  vagus  pro- 
duced by  the  first  division  at  the  sinus  venosus.  If  the  line  of  separation  is  so  made  that 
Bidder's  ganglion  remains  attached  to  the  auricles,  these  pulsate,  and  the  ventricle  rests  ;  if  it 
be  divided  into  halves,  the  auricles  and  ventricles  pulsate,  each  half  being  excited  by  the  portion 
of  the  ganglion  in  relation  with  it.  {h)  According  to  another  view,  both  Remak's  (a)  and 
Bidder's  ganglia  (i)  are  motor  centres,  but  in  the  auricles  there  is  in  addition  an  wihibitory 
ganglionic  system  (c)  {Bezold,  Traube).  Under  normal  circumstances  a  +  b  is  stronger  than  c, 
while  c  is  stronger  than  a  or  J  separately.  If  the  sinus  venosus  be  separated  it  beats  in  virtue 
of  a  ;  on  the  other  hand,  the  heart  rests  because  c  is  stronger  than  b.  If  the  section  be  made 
at  the  level  of  the  auriculo-ventricular  groove,  the  auricles  stand  still  owing  to  c,  while  the 
ventricle  beats  owing  to  b. 

(2)  If  the  ventricle  of  a  frog's  heart  be  separated  from  the  rest  of  the  heart  by 
means  of  a  ligatxire,  or  by  an  incision  carried  through  it  at  the  level  of  the 
auriculo-ventricular  groove,  the  sinus  and  atria  pulsate  undisturbed  as  before 
(Descartes,  1644),  but  the  ventricle  stands  still  in  diastole.  A  single  local  stimulus 
applied  to  the  ventricle  is  responded  to  by  a  single  contraction.  If  the  incision  be 
so  made  that  the  lower  margin  of  the  auricular  septum  remains  attached  to  the 
ventricle,  the  latter  pulsates.  Even  the  ventricles  of  a  rabbit's  heart,  when  separated 
with  a  part  of  the  auricles  in  connection  with  them,  pulsate  {Tir/erstedt). 

[Gaskell's  Clamp. — GaskeU  uses  a  clamp,  regulated  by  a  millimetre  screw,  to  compress  the 
heart,  and  thus  to  obstruct  the  passage  of  impulses  from  one  part  of  the  heart  to  the  other,  or 
to  "block"  the  way,  the  pulsations  of  the  auricles  and  ventricles  being  separately  registered. 
By  compvessing  the  heart  at  the  auriculo-ventricular  groove,  the  ratio  of  auricular  and  ventri- 
cular beats  alters,  and  instead  of  being  1:1,  there  may  be  2,  3,  or  more  auricular  beats  for  each 

beat  of  the  ventricle,  expressed  thus—  ^  '  J  >  ^  >  X  "  ^^^^  ^^^^^  ^^^^ 
clamp,  levers  are  placed  horizontally  above  and  below  the  heart.  These  levers  are  fixed  to  part 
of  the  auricles  and  to  the  apex  by  means  of  threads.  Each  part  of  the  heart  attached  to  a 
lever,  as  it  contracts,  pulls  upon  its  own  lever,  so  that  the  extent  and  duration  of  each  con- 
traction may  be  registered.  This  method  is  applicable  for  studying  the  effect  of  the  vagus 
and  other  nerves  upon  the  heart.] 

(3)  Section. — A.  Fick  showed  that  the  process  of  excitement  in  the  contractile 
tissue  of  the  frog's  heart  is  propagated  in  all  directions  (1874),  so  that  to  a  certain 
extent  the  whole  frog's  heart  behaves  like  one  continuous  muscular  fibre,  thus  one 
transverse  cut  into  the  ventricle  does  not  prevent  contraction  from  taking  place  in 
the  separated  parts.  Engelmann's  experiments  also  show  that  if  the  ventricle  of  a 
frog's  heart  be  cut  up  into  two  or  more  strips  in  a  zig-zag  way,  so  that  the 
individual  parts  still  remain  connected  with  each  other  by  muscular  tissue,  the 
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strips  still  beat  ia  a  regularly  progressive  rhythmical  manner,  provided  one  strip 
is  caused  to  contract.  The  rapidity  of  the  transmission  is  about  10  to  15  mm.  per 
sec.  Hence,  it  appears  that  the  conducting  paths  for  the  impulse  causing  the  con- 
traction are  not  nervous,  but  must  be  the  contractile  mass  itself.  It  has  not  been 
proved  that  nerve-fibres  proceed  from  the  ganglia  to  all  the  muscles. 

[According  to  Marchand's  experiments,  it  takes  a  very  long  time  for  the  excitement  to  pass 
from  the  auricles  to  the  ventricle — a  much  longer  time,  in  fact,  tliau  it  would  require  to  conduct 
the  excitement  through  muscle — so  that  it  is  probable  that  the  propagation  of  the  impulse  from 
the  auricles  to  the  ventricle  is  conducted  by  nervous  channels  to  the  auriculo-ventricular 
nervous  apparatus.  In  fact,  in  the  mammalian  heart  the  muscular  fibres  of  the  auricles  are 
quite  distinct  from  those  of  the  ventricles.] 

(4)  When  the  apex  of  a  frog's  heart  is  ligatured  o£E  from  the  rest  of  the  heart,  it 
no  longer  pulsates  {Heidenhain,  Ooltz),  but  such  an  apex,  if  stimulated  directly, 
e.g.,  by  a  prick  of  a  pin,  responds  with  a  single  contraction.  If  the  "  heart-apex  " 
be  filled  with  normal  saline  solution  under  pressure,  which  acts  as  a  stimulus,  the 
heart  begins  to  pulsate,  and  the  same  is  the  case  with  a  solution  of  delphinin  or 
quinine.  If  a  cannula  be  tied  into  the  heart  over  the  auriculo-ventricular  groove, 
the  ventricle  does  not  beat,  but  if  the  ventricle  be  filled  through  the  cannula  with 
blood  containing  oxygen,  under  a  constant  and  sufficient  pressure,  it  also  pulsates 
{Ludivig  and  Merunoioicz). 

[(5)  Luciani  found  that  a  heart  ligatured  above  the  auriculo-ventricular  groove 
when  filled  with  pure  serum,  produced  groui^s  of  pidsafions  with  a  long  diastolic 
pause  between  every  two  groups  (fig.  59).    The  successive  beats  in  each  group 


character.  The 


Fig.  59. 

Four  groups  of  pulsations  with  intervening  pauses,  with  their  "staircase 
points  on  the  abscissa  were  marked  every  10  seconds. 

assume  a  "staircase"  character  (p.  84).  These  periodic  groups  undergo  many 
changes ;  they  occur  when  the  heart  is  filled  with  pure  serum  free  from  blood- 
corpuscles,  and  they  disappear  and  give  place  to  regular  pulsations  when  defibrinated 
blood  or  serum  containing  haemoglobin  or  normal  saline  solution  is  used  {Rosshach). 
They  also  occur  when  the  blood  within  the  heart  has  become  dark-coloured,  i.e., 
when  It  has  been  deprived  of  certain  of  its  constituents,  and  if  a  trace  of  veratmi 
be  added  to  bright  red  blood  they  occur.] 

(6)  An  apex  preparation,  when  stimulated  with  even  a  weak  induction  shock, 
always  gives  its  maximal  contraction,  and  when  a  tetanising  current  is  applied, 
tetanus  does  not  occur  {Kromcker  and  Stirling).  When  the  opening  and  closing 
shocks  of  a  sufficiently  strong  constant  current  are  applied  to  the  heart-apex,  it 
contracts  with  each  closing  or  opening  shock.  [When  a  constant  current  is  applied 
to  the  lower  two-thirds  of  the  ventricle  (heart-apex),  under  certain  conditions  the 
apex  contracts  rhythmically.  This  is  an  important  fact  in  connection  ,with  any 
theory  of  the  cardiac  beat.] 

(7)  If  the  bulbus  aortaj  (frog)  be  ligatured,  it  still  pulsates,  provided  the  internal 
pressure  be  moderate.  Should  it  cease  to  beat,  a  single  stimulus  makes  it  respond 
Dy  a  series  of  contractions.  Increase  of  temperature  to  35°  C,  and  raising  the 
pressure  within  it,  increase  the  number  of  pulsations  {Engelmann). 

Action  of  Fluids.— Haller  was  of  opinion  that  the  venous  blood  was  the  natural 
stimulus  which  caused  the  heart  to  contract.    That  this  is  not  so,  is  proved  at  once 
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by  the  fact  that  the  heart  beats  rhythmically  when  it  contains  no  blood.  Blood 
and  other  fluids  which  are  sui)plied  to  an  excised  heart  are  not  the  cause  of  its 
rhythmical  movements,  but  only  the  conditions  on  which  these  movements  depend. 

[Methods. — The  study  of  the  action  of  Huids  upon  the  excised  frog's  heart  has  been  rendered 
possible  by  the  invention  of  Ludvvig's  "frog-manometer."    The  apparatus  (iig.  60)  consists 

of  (1)  a  double-way  cannula,  c,  which  is  tied  into  the 
heart,  h ;  (2)  a  manometer,  m,  connected  with  c,  and 
registering  the  movements  of  its  mercury  on  a  revolving 
cylinder,  cyl ;  (3)  two  Mariotte's  flasks,  a  and  h,  which 
are  connected  with  the  other  limb  of  the  cannula. 
Either  «  or  h  can  be  placed  in  communication  with  the 
interior  of  the  heart  by  means  of  the  stop-cock,  s.  The 
fluid  in  one  graduated  tube  may  be  poisoned,  and  tlie 
other  not ;  fZ  is  a  glass  vessel  for  fluid,  in  which  tlie 
heart  pulsates,  c'  and  c  are  electrodes,  e  is  inserted  into 
the  fluid  in  d,  d  is  attached  to  the  German  silver  cannula 
which  is  shown  in  fig.  61.] 

[In  the  tonometer  of  Roy  (fig.  62)  the  ventricle,  Ti, 
or  the  whole  heart,  is  placed  in  an  air-tight  chamber,  o, 
filled  with  oil.  As  before,  a  "perfusion"  cannula  is 
tied  into  the  heart.  A  piston,  ip,  works  up  and  down  in 
a  cylinder,  and  is  adju.sted  by  means  of  a  thin  flexible 
animal  membrane,  such  as  is  used  by  perfumers. 
Attached  to  the  piston  by  means  of  a  thread  is  a 
writing-lever,  Z,  which  records  the  variations  of  pres- 
sure within  the  chamber,  o.  When  the  ventricle  con- 
tracts, it  becomes  smaller,  diminishes  the  pressure  within 
0,  and  hence  the  piston  and  lever  rise  ;  conversely,  when 
the  heart  dilates,  the  lever  and  piston  descend.  _  Varia- 
tions in  the  volume  of  the  ventricle  may  be  registered, 
without  in  any  way  interfering  with  the  flow  of  fluids 
through  it.] 

[Two  preparations  of  the  frog's  heart  have  been  used 
— (1)  The  "heart,"  in  which  case  the  cannula  is  intro- 
duced into  the  heart  through  the  sinus  venosus,  and 
a  ligatiu-e  is  tied  over  it  around  the  auricle,  i.e.,  above  the  auriculo- ventricular  groove.  Thus 
the  auriculo-ventricular  ganglia  and  other  nervous  structures  remain  in  the  preparation.  This 

was  the  lieart  preparation  em- 
\^  ployed  by  Luciani  and  Bossbach. 

(2)  In  the  "heart-apex"  or 
apex  preparation,  the  cannula 
is  introduced  as  before,  but  the 
ligature  is  tied  on  it  over  the 
ventricle,  several  millimetres 
below  the  auriculo-ventricular 
groove,  so  that  this  preparation 
contains  none  of  the  auriculo- 
ventricular  ganglia,  and,  accord- 
ing to  the  usual  statement,  this 
part  of  the  heart  is  devoid  of 
nerve  ganglia.  This  is  the  pre- 
paration which  was  used  by 
Bowditch,  Kronecker  and  Stir- 
ling, Meruuowicz,  and  others. 


Fig.  60. 

Scheme  of  a  frog-manometer,  a,  b, 
Mariotte's  flasks  for  the  nutrient 
fluids  ;  s,  stop-cock ;  c,  cannula  ;  in, 
manometer  ;  h,  heart ;  d,  glass  cup 
for/i.;  c',  e,  electrodes;  cyl,  revolving 
cylinder. 


Fig.  61. 

Perfusion  cannula  for  a  frog's 
heart,  c,  for  fixing  an  electrode; 
d,  the  heart  is  tied  over  the 
flanges,  preventing  it  from 
slipping  out ;  c,  section  of  d. 


I 


Fig.  62. 

Roy's  heart  tonometer.  A,  heart ;  o,  nir-tight  chamber ; 

^  -  —  ,  -,  i'>  r'ston  ;  I,  writing-lever  ;  e,  outflow  tube. 

ThTfirst  efi-ect  'of  the  application  of  the  ligature  in  both  cases  is,  that  both  prcpiirations  cense  to 
beat  but  the  "heart"  usually  resumes  its  rhythmical  contractions  witlnn  .several  '"inutos,  while 
the  "  heart-apex"  does  not  contract  spontaneously  until  after  a  nnich  longer  time  (10  to  90  mins.).J 
rif  the  "heart-apex"  be  filled  with  a  0  6  per  cent,  solution  of  common  salt,  the  contractions 
are  at  first  of  greater  extent,  but  they  afterwards  cease,  and  the  preparation  passes  into  a  cou- 
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ditiou  of  "apparent  death,"  lasting  30-90  mins.  ;  while,  if  the  action  of  the  fluid  be  prolonrred 
the  heart  may  not  contract  at  all,  even  Avhcn  it  is  stimulated  electrically  or  mechanically."  It 
may  be  made,  however,  to  pulsate  again,  if  it  be  supplied  with  saline  solution  containin"  blood 
(1  to  10  per  cent.).  If  the  ventricle  be  nipped  with  wire  forceps  at  the  junction  of  the  upper 
with  its  middle  third,  so  as  to  separate  the  lower  two-thirds  of  tlie  ventricle,  physiologically  but 
not  anatomically,  from  the  rest  of  the  heart,  then  the  apex  will  cease  to  contract,  althouo-li  it  is 
still  supplied  with  the  frog's  own  blood  (Bernstein,  HoivdUch).  The  physiologically  isolated 
apex  may  be  made  to  beat  by  clamping  the  aortic  branches  so  as  to  prevent  blood  passing  out 
of  the  heart,  and  thus  raising  the  intracardiac  pressure.  The  rate  of  the  beat  of  the  aijex  is 
independent  of  and  slower  than  that  of  the  rest  of  the  heart.  This  experiment  proves  that  the 
amount  of  pressure  within  the  apex-cavity  is  an  important  factor  in  the  causation  of  the  spon- 
taneous beats  of  the  apex.  If  blood-serum,  to  which  a  trace  of  delphinin  is  added  be  trans- 
fused or  "perfmed"  through  the  heart,  it  begins  to  beat  within  a  miaute,  continues  to  beat  for 
several  seconds,  and  then  stands  still  in  diastole  [Bowditch).  Quinine  and  a  mixture  of  atropine 
and  muscarin  have  a  similar  action.  These  experiments  show  that,  provided  no  nervous  ajmar- 
ahis  exists  luithin  the  heart-apex,  the  cause  of  the  varying  contraction  is  to  be  sou<Tht  for  in  the 
musculature  of  the  heart,  and  that  the  stimulus  necessary  for  the  systole  of  the  heart's  apex 
may  arise  within  itself.  If  there  is  no  nervous  apparatus  of  any  kind  present,  then  we  must 
assume  that  the  heart-muscle  may  execute  rhythmical  movements  independently  of  the  presence 
of  any  nervous  mechanism,  although  it  is  usually  assumed  that  the  ganf'lia  excite  the  heart- 
rauscle  to  pulsate  rhythmically.  It  is  by  no  means  definitely  proved  that  the  heart-apex  is 
devoid  of  all  nervous  structures,  which  may  act  as  originators  of  these  rhythmical  impulses  ] 

[Action  of  DrugB.— If  the  heart-apex  contains  no  nervous  stinctures,  it  must  form  a  good 
object  for  the  study  of  the  action  of  drugs  on  the  cardiac  muscle.  Some  of  these  have  been 
mentioned  already.  Ringer  finds  that  a  calcium  salt  makes  the  contractions  higher  and  lonc^er 
Dilute  acids  added  to  saline  solution,  e.g.,  lactic,  cause  complete  relaxation  of  the  cardiac 
musculature,  yihA^  dilute  alkalies  produce  an  opposite  effect  or  tonic  contraction,  even  though 
the  apex  be  not  pulsating.  The  action  of  a  dilute  acid  may  be  set  aside  by  a  dilute  alkali  aSd 
vice  versd.  Digitahn,  antiarin,  barium,  and  veratria  act  like  alkalies,  while  saponin,  muscarin 
und  pilocarpin  have  the  eflect  of  acids  (§  65).    An  isolated  frog's  heart,  fati^ied  after  being 

supplied  with  a  solution  of  blood,  is  caused  to  beat  more  vigor- 
ously by  a  solution  of  kreatinin,  or  extract  of  meat  (MaT/s).] 

[The  "heart"  preparation  in  many  respects  behaves  like  the 
foregoing,  i.e.,  it  is  exhausted  after  a  time  by  the  continued  appli- 
cation of  normal  saline  solution  (0-6  per  cent.  NaCl),  while  its 
activity  may  be  restored  by  supplying  it  with  albuminous  and 
other  fluids  (p.  79).] 

II.  Direct  Stimulation  of  the  Heart.— All  direct 
cardiac  stimuli  act  more  energetically  on  the  inner  than 
on  the  outer  surface  of  the  heart.  If  strong  stimuli  are 
applied  for  too  long  a  time,  the  ventricle  is  the  part  first 
paralysed. 

(a)  Thermal  Stimuli.— [Heat  afi'ects  the  number  or  frequency 

G 


Fig.  63. 

A,  contractions  of  a  frog's  heart  at  19°  C.  ;  B,  at  34°  C.  •  C  at  3°  C 

S  2«S£"S  tL*'hpSf 'r^'  n  ""'LfJH  '^"^^'^'"'^  °f  ^^e"  systole  and  diastole  and 
SsXS  i  L  Ii?^  V  \  '^'t"^^  (1644)  observed  that  heat  increases  the  number  of 
Sinblv  incren,Pd  fV        ^he  temperature  increases,  the  number  of  beats  is  at  first  con- 

r^  sed  above  rnni,-     -    ';";T'''t        ^'^^f  ^"'"'"^  if  ^''^  temperature  is 

SatS  aiKl  ''  W  rZl'^'""  ^''^'^  stands  still,  the  myosin  of  which  its  fibres  consist  is 

Teal  to  hp«f %r       •''1'  ''^c'^  appearing  to  remain  contracted.    The  ventric  es  usually 
to  aboxrt  20°  C    hnf  ,hnf         (Sche  ske)    tT.c  size  and  extent  of  the  contractions  increase  d 
about  20  C,  but  above  this  point  they  diminish  (fig.  63).    The  time  occupied  by  any  single 
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contraction  at  20°  C.  is  only  about  ^  of  the  time  occui)ied  bv  a  contraction  occurring  at  5°  C. 
A  heart  which  lias  been  warmed  is  capable  of  reacting  pretty  rapidly  to  intermittent  stimuli, 
while  a  heart  at  a  low  temperature  reacts  only  to  stimuli  occurring  at  a  considerable  interval 

{Gallic). 

Cold.— When  the  temperature  of  the  blood  is  diminished,  the  heart  beats  more  slowly.  A 
frog's  heart,  placed  between  two  watch-glasses  and  laid  on  ice,  beats  very  much  more  slowly. 
The  pulsations  of  a  frog's  heart  stop  when  the  heart  is  exposed  to  a  temperature  of  4°  C.  to  0°. 
If  a  frog's  heart  be  taken  out  of  warm  water,  and  suddenly  placed  upon  ice,  it  beats  more 
rapidly,  and  conversely,  if  it  be  taken  from  ice  and  placed  over  warm  water,  it  beats  more 
slo  wly  at  first  and  more  rapidly  afterwards  (Arislow). 

[Methods.— The  etl'ect  of  heat  on  a  heart  may  be  studied  by  the  aid  of  the  frog-manometer,  the 
fluid  in  which  the  heart  is  placed  being  raised  to  any  temperature  required.  For  demonstra- 
tion purposes,  the  heart  of  a  pithed  frog  is  excised  and  placed  on  a  glass  slide  under  a  light 
lever,  such  as  a  straw.  The  slide  is  warmed  by  means  of  a  spirit-lamp.  In  this  way  the 
frequency  and  amplitude  of  the  contractions  are  readily  made  visible  at  a  distance.] 

(b)  Mechanical  Stimuli.— Pressure  applied  to  the  heart  from  without  accelerates  its  action. 
In  the  case  of  Frau  Serafin,  v.  Ziemssen  found  that  slight  pressure  on  the  auriculo-ventricular 
groove  caused  a  second  short  contraction  of  both  ventricles  after  the  heart-beat.  Strong  pres- 
sure causes  a  very  irregular  action  of  the  cardiac  muscle.  This  may  readily  be  produced  by 
compressing  the  freshly  excised  heart  of  a  dog  between  the  fingers.  The  intra-cardiac  pressure 
also  aftects  the  heart-beat  (p.  83).  If  the  pressure  within  the  heart  be  increased,  the  heart- 
beats are  gradually  increased,  if  it  be  diminished  the  number  of  beats  diminishes  [Ludwig  and 
Thiry).  If  the  intra-cardiac  pressure  be  very  greatly  increased,  the  heart's  action  becomes  very 
irregular  and  slower.  A  heart  which  has  ceased  to  beat  may,  under  certain  cu'cumstances,  be 
caused  to  execute  a  single  contraction  if  it  be  stimulated  mechanically. 

(c)  Electrical  Stimuli.; — A  constant  electrical  current  ,of  moderate  strength  increases  the 
number  of  heart-beats.  V.  Ziemssen  found,  in  the  case  of  Fran  Serafin  (§  47,  3),  that  the 
number  of  beats  was  doubled  when  a  constant  uninterrupted  strong  current  was  passed  through 
the  ventricles.  If  the  constant  current  be  very  strong,  or  if  tetanising  induction  cun-ents  be 
used,  the  cardiac  muscle  assumes  a  condition  resembling,  but  not  identical  with,  tetanus 
{Ludwig  and  Hoffa),  and  of  course  this  results  in  a  fall  of  the  blood-pressm-e.  If  the  auriculo- 
ventricular  groove  be  compressed  so  as  to  cause  the  ventricle  of  a  frog's  heart  to  cease  to  beat, 
on  placing  one  electrode  of  a  constant  current  on  the  ventricular  wall  and  the  other  electrode 
on  an  indifferent  part  of  the  body,  we  obtain  on  making  the  current,  a  systolic  conti'action  of 
the  ventricle  only  when  the  cathode  touches  the  ventricle ;  and  conversely  on  breaking,  only 
when  the  anode  is  on  the  heart  {Biedermann). 

When  a  single  induction  shock  is  applied  to  the  ventricle  of  a  frog's  heart  during  sj'stole,  it 
has  no  apparent  effect ;  but  if  it  is  applied  during  diastole,  the  succeeding  contraction  takes 
place  sooner.  The  auricles  and  also  the  apex  behave  in  a  similar  manner.  Whilst  they  are 
contracted,  an  induction  shock  has  no  efl'ect ;  if,  however,  the  stimulus  is  applied  during 
diastole,  it  causes  a  contraction,  which  is  followed  by  systole  of  the  ventricle.  Even  when 
strong  tetanising  induction  shocks  are  applied  to  the  heart,  they  do  not  produce  tetanus  of  the 
entire  cardiac  musculature,  or  as  it  is  said,  "the  heart  knows  no  tetanus"  {Kronccker  and 
Stirling).  Small  white  local  weal-like  elevations — such  as  occur  when  the  intestinal  muscula- 
ture is  stimulated— appear  between  the  electrodes.  They  may  last  several  minutes.  A  frog's 
heart,  which  yields  weak  and  irregular  contractions,  maj^  be  made  to  execute  regular  rhythmical 
contractions  synchronous  with  the  stimuli,  if  electrical  stimuli  are  used  {Bowditch). 

[Break  induction  shocks,  if  of  sufficient  strength,  cause  the  heart  to  contract,  vrhile  weak 
stimuli  have  no  effect ;  on  the  other  hand,  moderate  stimuli,  when  they  do  cause  the  heart  to 
contract,  always  cause  a  maximal  contraction,  so  that  a  minimal  stimulus  acts  at  the  same  time 
like  a  maximal  stimulus.  The  heart  either  contracts  or  it  does  not  contract,  and  when  it  cou- 
ti-acts  the  result  is  always  a  "  maximal "  contraction  {Kronccker  aiid  StirUtig).  Bowditch  found 
that  the  excitability  of  the  heart  was  increased  by  its  own  movements,  so  that  after  a  heart  had 
once  contracted,  the  strength  of  the  stimulus  required  to  excite  the  next  contraction  may  be 
greatly  diminished,  and  yet  the  stimulus  be  effectual.  Usually  the  amplitude  of  the  first  beat 
so  produced  is  not  so  great  as  the  second  beat,  and  the  second  is  less  than  the  third,  so  that  a 
"  Btaircase  "  ("  Treppe")  of  beats  of  successively  greater  extent  was  produced  (fig.  59).  Under 
certain  circumstances,  however,  a  skeletal  muscle  gives  contractions  of  a  "  staircase  "  character. 
This  staircase  arrangement  occurs  even  when  the  strength  of  the  stimulus  is  kept  constant,  so  that 
the  production  of  one  contraction  facilitates  the  occurrence  of  the  succeeding  one.  A  staircase 
arrangement  of  the  pulsations  is  also  seen  in  Luciani's  groups  (p.  81).  The  question,  whether 
a  stimulus  will  cause  a  contraction,  depends  upon  what  particular  phase  the  heart  is  in  when 
the  shock  is  applied.  Even  comparatively  weak  stimuli  will  cause  a  heart  to  contract,  provided 
the  stimuli  are  applied  at  the  proper  moment  and  in  the  ]iroper  tempo,  i.e.  to  say,  they  become 
what  are  called  "  infallible."  If  stimuli  are  applied  to  the  heart,  at  intervals  which  are  longer 
than  the  time  the  heart  takes  to  execute  its  contraction,  they  arc  ellectual  or  "adequate  but 
if  they  are  applied  before  the  period  of  pulsation  comes  to  an  end,  then  they  are  ineltectual 
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{Kronccher).  It  is  quite  clear,  therefore,  that  the  relation  of  the  strength  of  the  stimulus  to 
the  extent  of  the  contraction  of  the  cardiac  muscle,  is  quite  dillbrent  from  what  occurs  in  a 
muscle  of  the  skeleton,  where  within  certain  limits  the  amplitude  of  the  contraction  bears  a 
relation  to  the  stimulus,  while  in  the  heart  the  contraction  is  always  maximal] 

Human  Heart.— V.  Ziemssen  found  that  he  could  not  alter  the  heart-beats  of  the  human 
heart  (Fraii  Scrafin,  §  47,  3),  even  with  strong  induction-currents.  The  ventricular  diastole 
seemed  to  be  less  complete,  and  there  were  irregularities  in  its  contraction.  By  openino-  and 
closing,  or  by  reversing  a  strong  constant  current  applied  to  the  heart,  the  number  of  "beats 
was  increased,  aud  the  increase  corresponded  with  the  number  of  electrical  stimuli  ;  thus,  when 
the  electrical  stimuli  were  120,  140,  180,  the  number  of  heart-beats  was  the  same,  the  pulse 
beforehand  being  80.  The  normal  pulse-rate  of  80  was  reduced  to  60  and  50  when  the  number 
of  shocks  was  reduced  in  the  same  ratio.  [In  Fran  Serafin's  case  the  electrodes  were  applied  to 
the  heart,  separated  from  it  merely  by  the  pericardium.  Ziemssen  found  that  the  Fai'adic 
current  did  not  modify  the  heart's  action  when  the  thorax  was  intact,  but  that  the  constant 
current  did;  if  of  sufficient  strength.  Herbst  and  Dixon  Mann  obtained  negative  results  with 
both  kinds  of  electricity  in  the  normal  thorax.] 

_  {(1)  Chemical  Stimuli.— Many  chemical  substances,  when  applied  in  a  dilute  solution  to  the 
inner  surface  of  the  heart,  increase  the  heart-beats,  while  if  they  are  concentrated  or  allowed  to 
act  too  long,  they  diminish  the  heart-beats,  and  paralyse  it.  Bile,  and  bile  salts,'  diminish  the 
heart-beats  (also  when  they  are  absorbed  into  the  blood  as  in  jaundice)  ;  in  very  dilute  solu- 
tions both  increase  the  heart-beats.  A  similar  result  is  produced  by  acetic,  tartaric,  citric  and 
phosphoric  acids.  Chloroform  and  ether,  applied  to  the  inner  surface,  rapidly  diminish  the 
heart-beats,  and  then  paralyse  it;  but  very  small  quantities  of  ether  (1  per  cent.)  accelerate 
the  heart-beat  of  the  frog  {Kroncckar  and  M'Qrcgor-Roiortson),  while  a  solution  of  IJ-  to 
2  per  cent,  passed  through  the  heart  arrests  it  temporarily  or  completely.  Dilute  solutions  of 
opium,  strychnia,  or  alcohol  applied  to  the  endocardium,  increase  the  heart-beats  ;  if  concen- 
trated  they  rapidly  arrest  its  action.    Chloral-hydrate  paralyses  the  heart. 

Action  of  Gases  —When  blood  containing  different  gases  was  passed  through  a  frog's  heart 
Klug  tound  that  blood  containing  sulphurous  acid  rapidly  and  completely  killed  the  heart  • 
chlorine  stimulated  the  heart  at  first,  and  ultimately  killed  it ;  and  laughing-gas  rapidly  killed 
It  also.  Blood  containing  sulphuretted  hydrogen  paralysed  the  heart  without  stiniulating  it 
Carbonic  oxide  also  paralysed  it,  but  if  fresh  blood  was  transfused  the  heart  recovered.  [Blood 
containing  0  excites  the  heart  (Ccwfc^),  while  the  presence  of  much  CO.,  paralyses  it,  and  the 
presence  of  CO^  is  more  injurious  than  the  want  of  0.  Blood  or  serum'  completely  saturated 
with  CO,  exhausts  the  heart  {Saltct  and  Kronecker),  but  it  recovers  itself  when  the  CO,  is 
removed.    H  and  N  have  no  effect.]  - 

Cardiac  Poisons  are  those  substances  whose  action  is  characterised  by  special  effects  upon  the 
moveuients  of  the  heart  Amongst  these  are  neutral  potash  salts,  which  cause  the  heart  to 
stand  still  m  diastole.  An  excised  frog's  heart  ceases  to  beat  after  one-half  to  one  minute  when 
^r  lftri""  f   i^-'  """^S  °J  P°'^'f  °  chloride.]    Even  a  very  dilute  solution  of  yellow 

^  injected  into  the  heart  of  a  frog  causes  the  ventricle  to  stand  still  in  systole. 

I^^Z.Zr^'T'T^''-''^  the  ventricle  to  stand  still  in  systole  and  the  auricles  in 

ot  unfrPnnr.l.  small  doses,  diminish  the  heart's  action,  and  in  large  doses 

ol«  in  Y  f  ^-f  '"'l-'^*'  ^'S'^'^^'^'  morphia,  nicotin.    Others,  when  given  hi  small 

SnPHaf  inHn  '^'fp*'™^.  '"^"i".^  it-veratria,  aconitin  camphor, 

heart  havet5  n^,pf  '  ^"""""fw^^^  complicated  actions  of  various  poisons  upon  the 

£e  ublni^^^^^^^^^  suppose  that  there  are  various  intra-cardiac  mechanisms  on  which 
some  toinnw  ^^T'^"'  of  the  heart  and  its  automatic  ganglia, 

Ih^llZTtT  '^^^^^  i^  fiiory  ganglia  mto  which  the  inhibitory  fibres  0 

if  the  WrVn/^  /r  TiT  ''Y^  are  connected  with  the  accelerating  nerve-fibres 

by  conductLgfhanSk!'  "^'^  «cc.Zcm<or  ganglia  are  connected  loith  the  automatic  ganglia 

-aSa'i\lfrtVe  bp°t'«/"  ^"^'^  permanently  the  inhibitory 

ever^  whpn  foal"  ^^^J*  f^^.^^^  still  [Schmiedebcrg  and  Koppc).  [According  to  Gaskell,  how"- 
Sr  s?mUa  to  W  f '  II  ^"''^^.t'^'i.^y  mu.c^Vm,  thfre  is  no  deflectfon  of  the  ga  va^io- 
Tuse  arr^  of  the  Lnft"''?  ^  '^^'^'t'^tion  of  the  vagus.  He  infers  that  muscarin  does  not 
to  motor  activitl  1  A.  ^l^'""^  '1  '7,*='^^'^tant  of  inhibitory  mechanisms,  but  as  a  depressant 
brou°ht  aW  W  mutfnW^^^^^    T'^  claturin  paralyse  these  ganglia,  the  standstill  of  the  heart 

Ktle   i? teases  tn^^^^^^^^^^^  of  muscarin  be  placed  on  it  4ith  a 

STonLflei  rshoJ^Tnir^^'^^  atropine  applied  to  the  heai^it  will  I'esume  its  con- 
luuscle  to  sich  af^^^^^^^  the  energy  of  the  cardiac 

loS-aldehyd   chWofiVm  nV^'Tl         °  1      ""'^''^  "°  ^^'^  '^"'""t  t°  «tand  still, 

stands  St  1  and  ?  ZITv,        °l'l°™l-l'y/l>-ate  paralyse  the  automatic  ganglia.    The  heart 

rem  nfeSital  e  afterltt^on   f  T  ^he  canTiac  muscle  itself 

ns  exc.taijle  aftei  the  action  of  muscann  and  iodine-aldei.yd,  so  that  if  it  be  stimulated 
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it  contracts.  [Acnovding  to  Gnskell,  antini  iu  and  digitalin  solutions  produce  an  alteration  in 
the  condition  of  the  muscular  tissue  ol'  this  apex  of  the  heart  of  the  same  nature  as  that  pro- 
duced by  the  action  of  n  very  dilute  alkali  solution,  while  the  action  of  a  blood-solution  contain- 
ing muscariu  closely  resembles  that  of  a  dilute  acid  solution  (p.  95,  §  65).] 

[Nature  of  a  Cardiac  Contraction. — The  question  as  to  whether  this  is  a  simple 
conti-action  or  a  compound  tetanic  contraction  has  been  much  discussed.  So 
much  is  certain,  that  the  systolic  contraction  of  the  heart  is  of  very  much  longer 
duration  (8  to  10  times)  than  the  contraction  of  a  skeletal  muscle  produced  by 
stimulation  of  its  motor  nerve.  When  the  sciatic  nerve  of  a  nerve-muscle  pre- 
paration is  adjusted  upon  a  contracting  heart,  a  sivi2)le  secondary  twitch  of  the 
limb,  and  not  a  tetanic  spasm,  is  produced  when  the  heart  (auricle  or  ventricle) 
contracts  This  of  itself  is  not  sufficient  proof  that  the  systole  is  a  simple  spasm, 
for  tetanus  of  a  muscle  does  not  in  all  cases  give  rise  to  secondary  tetanus  in  the 
leg  of  a  rheoscopic  limb.  Thus,  a  simple  "  initial "  contraction  occurs  when  the 
nerve  is  applied  to  a  muscle  tetanised  by  the  action  of  strychnia,  and  the  contracted 
diaphragm  gives  a  similar  result.  The  question  whether  the  heart  can  be  tetanised 
has  been  answered  in  the  negative,  and  as  yet  it  has  not  been  shown  that  the 
heart  can  be  tetanised  in  the  same  way  that  a  skeletal  muscle  is  tetanised.] 

[Mac William  finds,  when  the  quadriceps  extensor  cruris  contracts  to  cause  the  knee-jerk,  that 
a  sound  similar  to  the  first  sound  of  the  heart  is  heard.  As  the  former  is  regarded  as  a  simple 
contraction,  it  is  argued  that  a  simple  contraction  can  produce  a  muscle-sound.  Fredericq 
regards  the  ventricular  systole  not  as  a  simple  contraction,  but  as  composed  of  three  or  more 
fused  contractions  corresponding  to  tetanus.  This  he  concludes  from  a  study  of  cardiograms  as 
well  as  from  the  electro-motive  phenomena  of  the  heart.] 

The  peripheral  or  extra-cardiac  nerves  (§§  369  and  370). 

59.  CARDIO-PNEUMATIC  MOVEMENT.— As  the  heart  within  the  thorax 
occupies  a  smaller  space  during  the  systole  than  during  the  diastole,  it  follows  that, 
when  the  glottis  is  open,  air  must  be  drawn  into  the  chest  when  the  heart  contracts  ; 
whenever  the  heart  relaxes,  i.e.,  during  diastole,  air  must  be  expelled  through  the 
open  glottis.  But  we  must  also  take  into  account  the  degree  to  which  the  larger 
intra-thoracic  vessels  are  filled  with  blood.  These  movements  of  the  air  within  the 
lungs,  although  slight,  seem  to  be  of  importance  in  hybernating  animals.  In 
animals  in  this  condition,  the  agitation  of  the  gases  in  the  lungs  favours  the 
exchange  of  CO^  and  0  in  the  lungs,  and  this  slow  current  of  air  is  sufficient  to 
aerate  the  blood  passing  through  the  lungs.  [Ceradini  called  the  diminution  of  the 
volume  of  the  entire  heart  which  occurs  during  systole  meiocardia,  and  the 
subsequent  increase  of  volume,  when  the  heart  is  distended  to  its  maximum, 
auxocardia.] 

Method. — A  manometric  flame  may  be  used.  Insert  one  limb  of  a  Y-tuhe  into  the  opened 
trachea  of  an  animal,  while  the  other  limb  passes  to  a  small  gas-jet,  and  connect  the  other  tube  with 
the  gas  supply.  The  movements  of  the  heart  affect  the  column  of  gas,  and  thus  affect  the  flame. 
It  may  also  be  done  in  man  by  inserting  the  tube  into  one  nostril,  while  the  other  nostril  and 
the  mouth  are  closed.  [A  simpler  and  less  irritating  plan  is  to  fill  a  wide  curved  glass-tube 
with  tobacco  smoke,  and  insert  one  end  of  the  tube  into  one  nostril  while  the  otlier  nostril  and 
the  mouth  are  closed.  If  the  glottis  be  kept  open,  and  respiration  be  stopped,  then  the  move- 
ments of  the  column  of  smoke  within  the  tube  are  obvious.  Or  a  manometer  containing  a  drop 
of  a  coloured  fluid  may  be  used  under  the  same  conditions.]  j-      i.  j 

The  cardiac  pneumograph  (fig.  64)  consists  of  a  tube  (D),  about  1  inch  in  diameter  and 
6  to  8  inches  in  length  ;  the  tube  is  bent  at  a  right  angle,  and  communicates  with  a  small  metal 
capsule  about  the  size  of  a  saucer  (T),  over  which  a  membrane  composed  of  collodion  and  castor 
oil  is  loosely  stretched.  To  this  membrane  is  attached  a  glass  rod  (H)  used  as  a  wntiug-style, 
which  records  its  movements  on  a  glass-plate  (S)  moved  by  clock-work.  A  small  valve  (K)  is 
placed  on  the  side  of  the  tube  (D),  whicli  enables  the  experimenter  to  breathe  when  necessary. 
The  tube  (D)  is  held  in  an  air-tight  manner  between  the  lips,  the  nostrils  being  closea,  the 
f^lottis  open,  and  respiration  stopped.    In  the  curves  (fig.  64,  A,B)  we  observe  that- 

"  (1)  Atf  '  -     -   -•   1  

movement 
ventri 
the 
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accompanying  bronchi.  The  blood  of  the  right  ventricle  has  not  yet  left  the  thorax,  it  passes 
merely  into  the  pulmonary  circuit.  The  expiratory  movement  is  diminished  somewhat  (o)  by 
the  muscular  mass  of  the  ventricle  occupying  slightly  less  bulk  during  the  contraction,  and  (0) 
owing  to  the  thoracic  cavity  being  slightly  increased  by  the  fifth  intercostal  space  being  pushed 
forward  by  the  cardiac  impulse. 

(2)  Immediately  after  (1)  there  follows  a  strong  inspiratory  current  of  the  respiratory  gases. 
As  soon  as  the  blood  from  the  root  of  the  aorta  reaches  that  part  of  the  aorta  lying  outside  the 
thorax,  more  blood  leaves  the  chest  than  passes  into  it  simultaneously  through  the  venaj  cava;'. 

(3)  After  the  second  sound  (at  2),  indicated  sometimes  by  a  slight  depression  in  the  apex  of 


A 


Fig.  64. 

Landois'  cardio-pneumograph,  and  the  curves  obtained  therewith.  A  and  B,  from  man,  1  and 
2  correspond  to  the  periods  of  the  first  and  second  heart-sounds;  C,  from  dog;  D,  method 
of  using  the  apparatus. 

the  curve,  the  arterial  blood  accumulates,  and  hence  there  is  another  expii'atory  movement  in 
the  curve. 

(4)  The  peripheral  wave -movements  of  the  blood  from  the  thorax  cause  another  inspiratory 
movement  of  the  gases.  . 

(5)  More  blood  flows  into  the  chest  through  the  veins,  and  the  next  heart-beat  occurs. 

60.  INFLUENCE  OF  THE  EESPIRATORY  PRESSURE  ON  THE  HEART. 

—The  variation  in  pressure  to  which  all  the  intra-thoracic  organs  are  subjected, 
owing  to  the  increase  and  decrease  in  the  size  of  the  chest  caused  by  the  respiratory 
movements,  exerts  an  influence  on  the  movements  of  the  heart.  Examine  first  the 
relations  in  different  passive  conditions  of  the  thorax,  ivhen  the  glottis  is  open. 

The  diastolic  dilatation  of  the  cavities  of  the  heart,  besides  the  pressure  of  the 
venous  blood  and  the  elastic  stretching  of  the  relaxed  muscle-wall,  is  fundamentally 
due  to  the  elastic  traction  of  the  lungs.  This  is  stronger  the  more  the  lungs  are 
distended  (inspiration),  and  is  less  active  the  more  the  lungs  are  contracted 
(expiration).    Hence  it  follows  : — 

(1)  When  the  greatest  possible  expiratory  effort  is  made,  (of  course,  with  the 
glottis  open),  only  a  small  amount  of  blood  flows  into  the  heart ;  the  heart  in 
diastole  is  small  and  contains  a  small  amount  of  blood.  Hence  the  systole  must 
also  be  small,  thus  causing  a  small  pulse-beat. 

(2)  On  taking  the  greatest  possible  inspiration  (with  the  glottis  open),  and 
therefore  causing  the  greatest  stretching  of  the  elastic  tissue  of  the  lungs,  the  elastic 
traction  of  the  lungs  is,  of  course,  greatest  =  .30  mm.  Hg  {Bonders),  and  may 
interfere  with  the  contraction  of  the  thin-walled  atria  and  appendices,  in  con- 
sequence of  which  these  cavities  do  not  completely  empty  themselves  into  the 
ventricles.    The  heart  is  in  a  state  of  great  diastolic  distension,  and  filled  with 
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blood  ;  nevertheless,  in  consequence  of  the  limited  action  of  the  auricles,  only  small 
pulse-beats  are  observed.  In  several  individuals  Donders  found  the  pulse  to  be 
smaller  and  slower  ;  afterwards  it  became  larger  and  faster. 

(3)  When  the  chest  is  in  a  position  of  moderate  rest,  whereby  the  elastic  traction 
is  moderate  =  7"5  mm.  ITg,  we  have  the  condition  most  favourable  to  the  action  of  the 
heart — sufficient  diastolic  dilatation  of  the  cavities  of  the  heart,  as  well  as  un- 
hindered emptying  of  them  during  systole. 

Voluntary  increase  or  diminution  of  the  intra-thoracic  pressure  affects  the 
action  of  the  heart. 

(1)  Valsalva's  Experiment  (1740).— If  the  thorax  is  fixed  in  the  position  of 

deepest  inspiration,  and  the  glottis  be  then  closed,  and  if  a  powerful  expiratory 
effort  be  made  by  bringing  into  action  all  the  expiratory  muscles,  so  as  to  contract 


H 

Fig.  65. 

Apparatus  for  demonstrating  the  action  of  inspiration,  II.,  and  expiration,  I.,  on  the  heart  and 
blood-stream.  P,  p,  lungs  ;  H,  A,  heart  ;  L,  I,  closed  glottis  ;  M,  m,  manometers  ;  E,  c, 
ingoing  blood-stream,  vein  ;  A,  a,  outgoing  blood-stream,  artery  ;  D,  diaphragm  during 
expiration  ;  cl,  during  inspiration. 

the  chest,  the  cavities  of  the  heart  are  so  compressed  that  the  circulation  of  the 
blood  is  temporarily  interrupted.  In  this  expiratory  phase  the  elastic  traction  is 
very  limited,  and  the  air  in  the  lungs  being  under  a  high  pressure  also  acts  upon 
the  heart  and  the  intra-thoracic  great  vessels.  No  blood  can  pass  into  the  thorax 
from  without ;  hence  the  visible  veins  swell  up  and  become  congested,  the  blood  in 
the  lungs  is  rapidly  forced  into  the  left  ventricle  by  the  compressed  air  in  the 
lungs,  and  the  blood  soon  passes  out  of  the  chest,  so  that  the  heart  and  lungs  contain 
little  blood,  thus  leading  to  a  greater  supply  of  blood  in  the  systemic  than  in  the 
pulmonary  circulation  and  the  heart.  The  heart-sounds  disappear,  and  the  pulse 
is  absent  {E.  H.  Weher,  Donders). 
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(2)  J.  Miiller's  Experiment  (1838).— Conversely,  if  after  the  deepest  possible 
■expiration  the  glottis  be  closed,  and  the  chest  be  now  dilated  with  a  great 
inspiratory  effort,  the  heart  is  powerfully  dilated,  the  elastic  traction  of  the  lungs, 
and  the  very  attenuated  air  in  these  organs,  act  so  as  to  dilate  the  cavities  of  the 
heart.  More  blood  flows  into  the  right  heart,  and,  in  proportion  as  the  right 
auricle  and  ventricle  can  overcome  the  traction  outwards,  the  blood-vessels  of  the 
lungs  become  filled  with  blood,  and  thus  partly  occupy  the  lung  space.  Much  less 
blood  is  driven  out  of  the  left  heart,  so  that  the  pulse  may  disappear.  Hence,  the 
heart  is  distended  with  blood  and  the  lungs  are  congested,  while  the  aortic  system 
contains  a  small  amount  of  blood,  i.e.,  the  systemic  circulation  is  comparatively 
empty,  while  the  heart  and  the  pulmonary  vessels  are  engorged  with  blood, 

In  normal  respiration,  the  air  in  the  lungs  during  inspiration  is  under  slight 
pressure,  while  during  expiration  the  pressure  is  higher,  so  that  these  conditions 
favour  the  circulation  ;  inspiration  favours  the  occurrence  of  diastole,  the  supply  of 
blood  (and  lymph)  through  the  vente  cavse.  In  operations  where  the  axillary  or 
jugular  vein  is  cut,  air  may  be  sucked  into  the  circulation  during  inspiration,  and 
cause  death.  Expiration  favours  the  flow  of  blood  in  the  aorta  and  its  branches, 
and  aids  the  systolic  emptying  of  the  heart. 

The  elastic  traction  of  the  lungs  aids  the  lesser-circulation  through  the  lungs; 
the  blood  of  the  pulmonary  capillaries  is  exposed  to  the  pressure  of  the  air  in  °he 
lungs,  while  the  blood  in  the  pulmonary  veins  is  exposed  to  a  less  pressure,  as  the 
elastic  traction  of  the  lungs,  by  dilating  the  left  auricle,  favours  the  outflow  from 
the  capillaries  into  the  left  auricle.  The  elastic  traction  of  the  lungs  acts  slightly 
as  a  disturbing  agent  on  the  right  ventricle,  and,  therefore,  on  the  movement  of 
blood  through  the  pulmonary  artery,  owing  to  the  overpowering  force  of  the  blood- 
stream through  the  pulmonary  artery,  as  against  the  elastic  traction  of  the  lungs 
(Bonders). 

The  above  apparatus  (fig.  65)  shows  the  effect  of  the  inspiratory  and  expiratory  movements 
on  the  dilatation  of  the  heart,  and  on  the  blood-sti'eam  in  the  large  blood-vessels.  The  la,r^e 
glass  vessel  represents  the  thorax  ;  the  elastic  membrane,  D,  the  diaphragm  :  P,  p  the  lungs  • 
L,  the  trachea  supplied  with  a  stop-cock  to  represent  the  glottis  ;  H,  the  heart ;  E,  the  ven» 
cavffi  ;  A,  the  aorta.  If  the  glottis  be  closed,  and  the  expiratory  phase  imitated  by  pushintf  uii 
U  as  in  I  the  air  in  P,  P  and  the  heart  H  are  compressed,  the  venous  valve  closes,  the  arterial 
IS  opened,  and  the  fluid  is  driven  out  through  A.  The  manometer,  M,  indicates  the  intra- 
thoracic pressure.  If  the  glottis  be  closed,  and  the  inspiratory  phase  imitated,  as  in  II.,  p  7, 
and  h  a,re  dilated  the  venous  valve  opens,  the  arterial  valve  closes  ;  hence,  venous  blood  flows 
h-om  e  into  the  hea,rt.  Thus,  inspiration  always  favours  the  venous  stream,  and  hinders  the 
arterial  ;  while  expiration  hinders  the  venous,  and  favours  the  arterial  stream.  If  the  glottis 
7  .1  be  open,  the  air  in  P  P,  p,  p  will  be  changed  during  the  respiratory  movements  D  and 
d  so  that  the  action  on  the  heart  and  blood-vessels  will  be  diminished,  but  it  will  still  persist 
although  to  a  much  less  extent.  ' 


The  Circulation  of  the  Bloo(i. 

.ffl?J\^^?^  OF  FLUIDS  THROUGH  TUBES. -Toricelli'8  Theorem  states  that  the  velocity  of 

sn^^p  i=  ti    ^  flmd-through  an  opening  at  the  bottom  of  a  cylindrical  vessel-is  exactly  the 

Tim   a7  .T^7  ^^^f^^  ^^'^^ly  ^'^auire,  were  it  to  fall  from  the  surface 

V  ffl  ^"''f      ^^'^  If  lieight  of  the  propelling  force, 

the  velocity  of  efiiux  is  given  by  the  formula—  t    1       o  •"i^'=> 

v=  \J2cjk  (where  g=^-S  metres), 
follmpr^fi!?'     ""tflow  increases  with  increase  in  the  height  of  the  propelling  force,  h.  The 
eXx  i,?«  3,  when  A  increases  in  the  ratio  1,  4,  9,  i.e.?  the  velocity  of 

of  efflnv  H^pnf''''  IV^}^  °f  *e  propelling  force.   Hence,  it  follows  that  the  velocity 

uatiire  of  the  flS"^°°  1'""^  °^  ^"^^        "P°^i  the 

Be8i8tance.-Toricelli's  theorem,  however,  is  only  valid  when  all  resistance  to  the  outflow  is 
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absent ;  but  in  every  pliysical  experiment  sucli  resistance  exists.    Hence,  the  propelling  force 
A,  has  not  only  to  cause  the  efflux  of  the  fluid,  but  has  also  to  overcome  resistance.    These  two 
torees  mny  bo  expre.ssed  by  the  heights  of  two  columns  of  water  placed  over  each  other,  viz  by 
the  height  of  the  column  of  water  causing  the  outflow,  F,  and  the  height  of  the  column'  D 
which  overcomes  the  resistance  opposed  to  the  outflow  of  the  fluid.    So  that  '  ' 

/t  =  F  +  D. 

6  2.  VELOCITY  OF  THE  CUKRENT.  RESISTANCE.  -In  the  case  of  a  fluid  flowing  throu-h 
a  tube,  which  it  fills  completely,  we  have  to  consider  the  propelling  force,  h,  causing  the  fluid 
to  ilow  through  the  various  sections  of  the  tube.  The  amount  of  the  propelling  force  depends, 
upon  two  factors  : — 

(1)  On  tlie  velocity  of  the  current,  v  ;  (2)  on  the  pressure  (amount  of  resistance)  to  which  the 
fluid  IS  subjected  at  the  various  parts  of  the  tube,  D. 

(1)  The  velocity  of  the  current,  v,  is  estimated— (a)  from  the  lumen,  I,  of  the  tube  ;  and  (b) 
from  the  quantity  of  fluid,  q,  which  flows  through  the  tube  in  the  unit  of  time.  So  that  v  =  q:l. 
Both  values,  q  as  well  as  I,  can  be  accurately  measured.    (The  circumference  of  a  circular  tube, 

whose  diameter=d  is  3-14.fZ.    The  sectional  area  (lumen  of  the  tube)  is  Havingin 

this  way  determined  v,  from  it  we  may  calculate  the  height  of  the  column  of  fluid,  F,  which 
AviU  give  this  velocity,  i.e.,  the  height  from  which  a  body  must  fall  in  vacuo,  in  order  to  attain 

the  velocity  v.  In  this  case  5'  =  |^  (where  jr  =  the  distance  traversed  by  a  falling  body  in  1  sec. 
=  4  "9  metre). 

(2)  The  pressure,  D  (amount  of  resistance),  is  measured  directly  by  placing  manometers  at 
diff'erent  parts  of  the  tube  (fig.  67). 

The  propellmg  force  at  any  part  of  the  tube  is  A  =  F  +  D  ;  or,  /i  =  |^  +  D  [Bonders).  This 

is  proved  experimentally  by  taking  a  tall  cylindrical  vessel,  A,  of  sufficient  size,  which  is 
kept  filled  with  water  at  a  constant  level,  A.  The  rigid  outflow  tube,  ah,  has  in  connection  with 
it  a  number  of  tubes  placed  vertically,  1,  2,  -3,  constituting  a  piezometer.    At  the  end  of  the 


Cylindrical  vessel  filled  with  water,  h, 
height  of  the  column  of  fluid ;  D,  height 
required  to  overcome  the  resistance  ; 
F,  height  causing  the  efilux. 


Ilk  ^ 

Fig.  67. 

A  cylindrical  vessel  filled  with  water,  ab, 
outflow  tube,  along  which  are  placed  at 
intervals  vertical  tubes,  1,  2,  3,  to  estimate 
the  pressure. 


tube,  h,  there  is  an  opening  with  a  short  tube  fixed  in  it,  from  which  the  water  issues  to  a  con- 
stant height,  provided  the  level  of  h  is  kept  constant.  The  height  to  which  it  rises  depends  on 
the  height  of  the  column  of  fluid  causing  the  velocity,  F.  As  the  pressure  in  the  manometric 
tubes,  D^,  D-,  D^,  can  be  read  off"  directly,  the  propelling  force  of  the  water  at  the  sections  of 
the  tubes,  I,  II,  III,  is — 

7i  =  F  +  Di;  F  +  D2;  F  +  Dl 
At  the  end  of  the  tube,  h,  where  D*  =  0,  /i.  =  F  +  0,  i.e.,  Ji^Y.  In  the  cylinder  itself  it  is  the 
constant  pressure,  h,  which  causes  the  movement  of  the  fluid.  It  is  clear  that  the  propelling 
force  of  the  water  gradually  diminishes  as  wc  pass  from  the  inflow  towards  the  outflow  of  the 
tube,  h.  The  water  in  the  pressure-cylinder,  falling  from  the  height,  7>,  only  rises  as  high  as  F 
at  h.  This  diminution  of  the  propelling  power  is  due  to  the  presence  of  resistances,  which  opnose 
the  current  in  the  tube,  i.e.,  part  of  tne  energy  is  transformed  into  heat  As  the  propelling 
force  at  b  is  represented  only  by  F,  while  in  the  vessel  it  is  h,  the  difference  must  be  due  to  the 
sum  of  the  resistances,  D  =  A  -  F  ;  hence  it  follows  that  A=  F  +  D. 


ESTIMATION  OF  KESISTANCE. 
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Estimation  of  the  Resistance. — When  a  fluid  flows  through  a  tube  of  uniform  calibre,  the 
propelling  force,  A,  diminishes  from  point  to  point  on  account  of  the  uniformly  acting  resist- 
ance, hence  the  sum  of  the  resistance  in  the  whole  tube  is  directly  proportional  to  its  length. 
In  a  uniformly  wide  tube,  fluid  flows  through  each  sectional  area  with  equal  velocity,  hence  v 
and  also  F  are  equal  in  all  parts  of  the  tube.  The  diminution  which  h  (propelling  force) 
undergoes  can  only  occur  from  a  diminution  of  pressure  D,  as  F  remains  the  same  throughout 
(and  h  =  ¥  +  T».  Experiment  with  the  pressure-cylinder  shows  that  the  pressure  towards 
the  outflow  end  of  the  tube  gradually  diminishes.  In  a  uniformly  vnde  tube,  the  height  of  the 
■pressure  in  the  manometers  expresses  the  resistances  opposed  to  the  current  of  fluid,  which  it  has  to 
overcome  in  its  course  from  the  point  investigated  to  the  free  orifice  of  efflux. 

Nature  of  the  Resistance. — The  resistance  opposed  to  the  flow  of  a  fluid  depends  upon  the 
coliesion  of  the  particles  of  the  fluid  amongst  themselves.  During  the  current,  the  outer  layer 
of  fluid  which  is  next  the  wall  of  the  tube,  and  which  moistens  it,  is  at  rest.  All  the  other 
layers  of  fluid,  which  may  be  represented  as  so  many  cylindrical  layers,  one  inside  the  other, 
move  more  rapidly  as  we  proceed  towards  the  axis  of  the  tube,  the  axial  thread  or  stream 
being  the  most  rapidly  moving  part  of  the  liquid.  On  account  of  the  movement  of  the 
cylindrical  layers,  one  within  the  other,  a  part  of  the  propelling  energ}^  must  be  used  up.  The 
amount  of  the  resistance  greatly  depends  upon  the  amount  of  the  cohesive  force  which  the 
particles  of  the  fluid  have  for  each  other  ;  the  more  firmly  the  particles  cohere  the  greater  wUl 
be  the  resistance,  and  vice  versd.  Hence,  the  sticky  blood-current  experiences  greater  resist- 
ance than  water  or  ether. 

Heat  diminishes  the  cohesion  of  the  particles,  hence  it  also  diminishes  the  resistance  to  the 
onflow.  These  resistances  are  first  developed  by,  and  result  from,  the  movement  of  the  particles 
of  the  fluid,  they  being,  as  it  were,  torn  from  each  other.  The  more  rapid  the  current,  there- 
fore, i.e.,  the  larger  the  number  of  particles  of  fluid  which  are  pulled  asunder  in  the  unit  of 
time,  the  greater  will  he  the  sum  of  the  resistance.  As  the  layer  of  fluid  lying  next  the  tube, 
and  moistening  it,  is  at  rest,  the  material  which  composes  the  tube  exerts  no  influence  on  the 
resistance. 

Tubes  of  Unequal  Diameter.— When  the  velocity  of  the  current  is  uniform,  the  resistance 
depend_s  upon  the  diameter  of  the  tube— the  smaller  the  diameter  the  greater  the  resistance  ; 
the  greater  the  diameter  the  less  the  resistance.  The  resistance  in  narrow  tubes,  however, 
increases  more  I'apidly  than  the  diameter  of  the  tube  decreases,  as  has  been  proved  experi- 
mentallj'.  lu  tubes  of  unequal  calibre,  at  different  parts  of  their  course,  the  .velocity  of  the 
current  varies — it  is  slower  in  the  wide  part  of  the  tube  and  more  rapid  in  the  narrow  parts. 
As  a  general  rule,  in  tubes  of  unequal  diameter  the  velocity  of  the  current  is  inversely  pro- 
portional to  the  diameter  of  the  corresponding  section  of  the  tube  ;  i.e.,  if  the  tube  be 
cylindrical,  it  is  inversely  proportional  to  the  square  of  the  diameter  of  the  circular  ti-ansverse 
section.  In  tubes  of  uniform  diameter,  the  propelling  force  of  the  moving  iiuid  diminishes 
unifmmhj  fiom  point  to  point,  but  in  tubes  of  unequal  calibre  it  does  not  diminish  uniformly. 
As  the  resistance  is  greater  in  narrow  tubes,  of  course  the  propelling  force  must  diminish  more 
rapidly  in  them  than  iu  wide  tubes.  Hence,  within  the  wide  parts  of  the  tube  the  pressure  is 
gi-eater  than  the  sum  of  the  resistances  still  to  be  overcome,  while  in  the  narrow  portions  it  is 
less  than  these. 

Tortuosities  and  bending  of  the  vessels  add  new  resistance,  and  the  fluid  presses  more 
strongly  on  the  convex  side  than  on  the  concave  side  of  the  bend,  and  there  the  resistance  to 
the  flow  is  greater  than  on  the  concave  side. 

Division  of  a  tube  into  two  or  more  branches  is  a  source  of  resistance,  and  diminishes  the 
propelling  power.  When  a  tube  divides  into  two  smaller  tubes,  of  course  some  of  the  particles 
of  the  fluid  are  retarded,  while  others  are  accelerated  on  account  of  the  unequal  velocities  of 
the  different  layers  of  the  fluid.  Many  particles  which  had  the  greatest  velocity  in  the  axial 
layer  come  to  lie  more  towards  the  side  of  the  tube  where  they  move  more  slowly  ;  and  con- 
versely many  of  those  lying  in  the  outer  layers  reach  the  centre,  where  they  move  more 
rapidly.  Hence,  some  of  the  propelling  force  is  Used  up  in  this  process,  and  the  pulling 
asunder  of  the  particles  where  the  tube  divides  acts  in  a  similar  manner.  If  two  tubes  join 
to  form  o?ic  tube,  new  resistance  is  thereby  caused,  which  must  diminish  the  propelling  force. 
Ihe  sum  of  the  mean  velocities  in  both  branches  is  independent  of  the  angle  at  which  the 
division  takes  place  {Jacohson).  If  a  branch  be  opened  from  a  tube,  the  principal  current  is 
accelerated  to  a  considerable  extent,  no  matter  at  what  angle  the  branch  may  be  given  off 

it,^^-  "^^"^^  ^  CAPILLARY  TUBES.— Poiseuille  proved  experimentally  that  the  flow  in 
the  capillaries  is  subject  to  special  conditions — 

(1)  The  quantity  of  fluid  which  flows  out  of  the  same  capillary  tube  is  proportional  to  the 

(2)  The  time  necessary  for  a  given  quantity  of  fluid  to  flow  out  (with  the  like  pressure, 
m[        ,  ^^'^  temperature),  is  proportional  to  the  length  of  the  tubes. 

(3)  rhe  product  of  the  outflow  (other  things  being  equal)  is  as  the  fourth  power  of  the 
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(4)  Tlie  velocity  of  the  current  is  proportional  to  the  pressure  and  to  the  square  of  the 
diameter,  and  inversely  proportionol  to  the  length  of  the  tube. 

(5)  The  resistance  in  the  capillaries  is  proportional  to  the  velocity  of  the  current. 

64.  FLOW  IN  ELASTIC  TUBES.— (1)  When  an  uninterrupted  uniform  current  flows  through 
an  elastic  tube,  it  follows  exactly  the  same  laws  as  if  the  tube  had  rigid  walla.  If  the  propel- 
ling power  increases  or  diminishes,  the  elastic  tubes  become  wider  or  narrower,  and  they  behave, 
as  far  as  the  movement  of  the  fluid  is  concerned,  as  wider  or  narrower  rigid  tubes. 

(2)  Wave-Motion.— If,  however,  more  fluid  be  forced  in  jcrksmto  an  elastic  tube,  i.e.,  in- 
tcmoplcdly,  the  first  part  of  the  tube  dilates  .suddenly,  corresponding  to  the  (luantity  of  fluid 
propelled  into  it.  The  jerk  communicates  an  oscillatory  movement  to  the  particles  of  the  fluid, 
which  is  communicated  to  all  the  fluid  particles  from  the  beginning  to  the  end  of  the  tube ;  a 
positive  wave  is  thus  rapidly  propagated  througJioiit  the  whole  length  of  the  tube.  If  we  imagine 
the  elastic  tube  to  be  closed  at  its  peripheral  end,  the  positive  wave  will  be  reflected  from  the 
point  of  occlusion,  and  it  may  be  pi'0]iagated  to  and  fro  through  the  tube  until  it  finally  dis- 
appears. In  such  a  closed  tube  a  sudden  jet  of  fluid  produces  only  a  wave-movement,  i.e.,  only 
a  vibratory  movement,  or  an  alteration  in  the  shape  of  the  liquid,  there  being  no  actual  trans- 
lation of  the  particles  along  the  tube. 

(3)  If,  however,  fluid  be  pumped  intemiptedly  or  by  jerks  into  an  elastic  tube  filled  with 
fluid,  in  which  there  is  already  a  continuous  cun-ent,  the  movement  of  the  current  is  combined 
with  the  wave  movement.  We  must  carefully  distinguish  the  movement  of  the  current  of  th: 
fluid,  i.e.,  the  translation  of  a  mass  of  fluid  through  the  tube,  from  the  wave-movement,  the 
oscillatory  movement,  or  movement  of  change  of  form  in  the  column  of  fluid.  In  the  former, 
the  particles  are  actually  translated,  while  in  the  latter  they  merely  vibrate.  The  current  in 
elastic  tubes  is  slower  than  the  wave-movement,  which  is  propagated  with  gi'eat  rapidity.  This 
last  case  obtains  in  the  arterial  system.  The  blood  in  the  arteries  is  already  in  a  state  of  con- 
tinual movement,  directed  from  the  aorta  to  the  capillaries  ;  by  means  of  the  systole  of  the  left 
ventricle  a  quantity  of  fluid  is  suddenly  pumped  into  the  aorta,  and  causes  a  2)osilive  wave,  the 

pulse-wave  which  is  propagated  with  great  rapidity  to  the 
terminations  of  the  arteries,  while  the  current  of  the  blood 
itself  moves  much  more  slowly. 

Rigid  and  Elastic  Tubes. — If  a  quantity  of  fluid  be 
forced  into  a  rigid  tube  under  a  certain  pressure,  the  same 
quantity  of  fluid  will  flow  out  at  once  at  the  other  end  of 
the  tube,  provided  there  be  no  special  resistance.  In  an 
elastic  tube,  immediately  after  the  forcing  in  of  a  quantitj- 
of  fluid,  at  first  only  a  small  quantity  flows  out,  and  the 
remainder  flows  out  only  after  the  propelling  force  has 
ceased  to  act.  If  an  equal  quantity  of  fluid  be  periodically 
injected  into  a  rigid  tube,  ^rith  each  jerk  an  equal  quantity 
is  forced  out  at  the  other  end  of  the  tube,  and  the  outflow 
lasts  exactly  as  long  as  the  jerk  or  the  contraction,  and 
the  pause  between  two  periods  of  outflow  is  exactly  the 
same  as  between  the  two  jerks  or  contractions.  In  an 
elastic  tube  it  is  different,  as  the  outflow  continues  for  a 
time  after  the  jerk  ;  hence,  it  follows  that  a  continuous 
outflow  current  will  be  produced  in  elastic  tubes,  when 
the  time  between  two  jerks  is  made  shorter  than  the  dura- 
tion of  the  outflow  after  the  jerk  has  been  completed. 
When  fluid  is  pumped  periodically  into  rigid  tubes,  it 
causes  a  sharp  abrupt  outflow  synchronous  with  the  in- 
flow, and  the  outflow  becomes  continuous  only  when  the 
inflow  is  continuous  and  uninterrupted.  In  elastic  tubes, 
an  intermittent  current  under  the  above  conditions  causes 
a  continuous  outflow,  which  is  increased  with  the  systole 
or  contraction. 

65.  STEUCTURE  AND  PROPERTIES  OF 

Coats  of  a  sntaTra^ery.    a,  endo- THE  BLOOD-VESSELS.-In  the  body  the  large 
thelium  ;  b,  internal  elastic  lamina ;  vessels  carry  the  blood  to  and  from  the  various 
c,  circular  muscular  fibres  of  the  tissues  and  organs,  while  the  thin-walled  capillaries 
middle  coat ;  d,  the  outer  coat.      bring  the  blood  into  intimate  relation  with  the 
tissues.    Through  the  excessively  thin  walls  of  the  capillaries  the  fluid  part  of  the 
blood  transudes,  to  nourish  the  tissues  outside  the  capillaries.    [At  the  same  time 
fluids  pass  from  the  tissues  into  the  blood.    Thus,  there  is  an  exchange  between  the 
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blood  and  the  Huids  of  the  tissues.  The  fluid  after  it  passes  into  the  tissues  consti- 
tutes the  /i/mph,  and  acts  lilce  a  stream  irrirjating  the  tissue  elements.] 

I.  The  arteries  are  distinguished  from  veins  by  their  thicker  walls,  due  to  the 
greater  development  of  smooth  muscular  and  elastic  tissues — the  middle  coat 
(tunica  media)  of  the  arteries  is  specially  thick,  while  the  outer  coat  (t.  adventitia) 
is  relatively  thin.    [The  absence  of  valves  is  by  no  means  a  characteristic  feature.] 

A  typical  artery  consists  of  three  coats  (fig.  68).  (1)  The  tunica  intima,  or  inner  coat, 
consists  of  a  layer  of  («)  irregular,  long,  fusiform  nucloiited  s(|uamous  cells  forming  the 
excessively  thin  transparent  endothelium,  immediately  in  contact  with  the  blood-stream. 
[Like  other  endothelial  cells,  these  cells  are  held  together  by  a  cement  substance,  which  is 
blackened  by  the  action  of  silver  nitrate.]  Outside  this  lies  a  very  thin,  more  or  less  fibrous, 
layer — sub-epithelial  layer — in  which  numerous  spindle  or  branched  protoplasmic  cells  lie  em- 
bedded within  a  corresponding  system  of  plasma  canals.  Outside  this  is  an  elastic  lamina  (6), 
which  in  the  smallest  arteries  is  a  structureless  or  fibrous  elastic  membrane — in  arteries  of 
medium  size  it  is  a  fenestrated  membrane  {Henle),  while  in  the  largest  arteries  there  may  be 
several  layers  of  elastic  laniinoe  or  fenestrated  elastic  membrane  mixed  with  connective-tissue. 
[In  some  arteries  the  elastic  membrane  is  distinctly  fibrous,  the  fibres  being  chiefly  arranged 
longitudinally.  It  can  be  stripped  off,  when  it  forms  a  brittle  elastic  membrane,  which  has  a 
gi'eat  tendency  to  curl  up  at  its  margins.  In  a  transverse  section  of  a  middle-sized  artery  it 
appears  as  a  bright  wavy  line,  but  the  curves  are  probably  produced  by  the  partial  collapse  of  the 
vessel.  It  forms  an  important  guide  to  the  pathologist,  in  enabling  him  to  determine  which 
coat  of  the  artery  is  diseased.]  In  middle-sized  and  large  arteries  a  few  non-striped  muscular 
fibres  are  disposed  longitudinally  between  the  elastic  plates  or  laminae.  Along  with  the  circular 
muscular  fibres  of  the  middle  coat,  they  may  act  so  as  to  narrow  the  artery,  and  they  may  also 
aid  in  keeping  the  lumen  of  the  vessel  open  and  of  uniform  calibre. 

(2)  The  tunica  media,  or  middle  coat,  contains  much  non-striped  muscle  (c),  which  in  the 
smallest  arteries  consists  of  transversely  disposed  non-sti'iped  muscular  fibres  lying  between  the 
endothelium  and  the  T.  adventitia,  while  a  finely  granular  tissue  with  few  elastic  fibres  forms 
the  bond  of  union  between  them.  As  we  proceed  from  the  very  smallest  to  the  small  arteries, 
the  number  of  muscular  fibres  becomes  so  great  as  to  form  a  well-marked  fibrous  ring  of  non- 
striped  muscle,  in  which  there  is  comparatively  little  connective-tissue.  In  the  large  arteries  the 
amount  of  connective-tissue  is  considerably  increased,  and  between  the  layers  of  fine  connective- 
tissue  numerous  (as  many  as  50)  thick,  elastic  fibrous  or  fenestrated  laminee  are  concentrically 
arranged.  A  few  non-striped  fibres  lie 
scattered  amongst  these,  and  some  of  them 
are  arranged  transversely,  while  a  few 
have  an  oblique  or  longitudinal  direction. 

The  first  part  of  the  aorta  and  pulmonary 
artery,  and  the  retinal  arteries,  are  devoid 
of  muscle.  The  descending  aorta,  common 
iliac,  and  popliteal  have  longitudinal  fibres 
between  the  transverse  ones.  Longitudinal 
bundles  lying  inside  the  media  occur  in 
the  renal,  splenic,  and  internal  spermatic 
arteries.  Longitudinal  bundles  occur  both 
on  the  outer  and  inner  surfaces  of  the  um- 
bilical arteries,  which  are  very  muscular. 

(3)  The  tunica  adventitia,  or  outer  coat, 
in  the  smallest  arteries  consists  of  a  struc- 
tureless membrane  with  a  few  connective- 
tissue  corpuscles  attached  to  it ;  in  somewhat 
larger  arteries  there  is  a  layer  of  fine  fibrous 
elastic  tissue  mixed  -with  bundles  of  fibrillai' 
connective-tissue  {d).  In  arteries  of  miWfc 
size,  and  in  the  largest  arteries,  the  chief 
mass  consists  of  bundles  of  fibrillar  con-  ^  . 

nective-tissue  containing  connective-tissue  Capillaries.    The  outlines  of  the  nucleated  endo 
corpuscles.    The  bundles  cross  each  other     thelial  cells  with  the  cement  blackened  by  the 
in  a  variety  of  directions,  and  fat  cells  often     action  of  silver  nitrate. 

lie  between  them.  Next  the  media  there  are  numerous  fibrous  or  fenestrated  elastic  lamellaj. 
in  ineaium  sized  and  small  arteries  the  elastic  tissue  next  the  media  takes  the  form  of  an  inde- 
penaent  elastic  membrane  (Henle's  external  elastic  membrane).  Bundles  of  non-striped  nniscle, 
arranged  longitudinally,  occur  in  the  adventitia  of  the  arteries  of  the  iienis,  and  in  the  renal, 
^^T?' Tif^'"'"''-^^ '         ^'yPog«»stric,  and  superior  mesenteric  arteries. 

II.  ine  capillaries,  while  retaining  their  diameter,  divide  and  reunite  so  as  to  form  net- 
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works,  wliose  sliajio  anJ  arraiif,'enient  ilifTor  considerably  in  diflerent  tissues.  The  diameter  of 
tlio  capillaries  varies  considerably,  but  as  a  general  rule  it  is  such  as  to  admit  freely  a  single  row 
of  blood -corpuscles.  In  the  retina  and  the  muscles  the  diameter  is  5-6  and  in  bone-marrow, 
liver,  and  choroid  10-20  /x.  The  tubes  consist  of  a  single  layer  of  transparent,  excessively  thin, 
nucleated,  endothelial  cells  Joined  to  each  other  by  their  margins.  [The  nuclei  contain  a  well- 
marked  intra-nuclear  ])lexus  of  fibrils,  like  other  nuclei.]  The  cells  are  more  fusiform  in  the 
smaller  capillaries  and  more  polygonal  in  the  larger.  The  body  of  the  cells  presents  the 
characters  of  very  faintly  refractive  protoplasm,  but  it  is  doubtful  whether  the  body  of  the 
cell  is  endowed  with  the  property  of  contractility  (p.  96). 

If  a  dilute  solution  per  cent.)  of  silver  nitrate  be  injected  into  the  blood-vessels,  the 
cement  substance  of  the  endothelium,  [and  of  the  muscular  fibres  as  well],  is  revealed  by  the 
presence  of  the  black  "silver  lines."  The  blackened  cement  substance  shows  little  specks  and 
large  black  slits  at  different  points.  It  is  not  certain  whether  these  are  actual  holes  through 
which  colourless  corpuscles  may  pass  out  of  the  vessels,  or  are  merely  larger  accumulations  of 
the  cement  substance.  [If  a  capillary  is  examined  in  a  perfectly  fresh  condition  (while  living) 
and  without  the  addition  of  any  reagent,  it  is  impossible  to  make  out  any  line  of  demarcation 
between  adjacent  cells  owing  to  the  uniform  refractive  index  of  the  entire  wall  of  the  tube.] 

[Arnold  called  these  small  areas  in  the  black  silver  lines  when  they  are  large  stomata,  and 
when  small  stigmata.    They  are  most  numerous  after  venous  congestion,  and  after  the  dis- 

tm-bances  which  follow  inflammation  of  a  part.  They 
are  not  always  present.  The  existence  of  cement  sub- 
stance between  the  cells  may  also  be  inferred  from  the 
fact  that  indigo-sulphate  of  soda  is  deposited  in  it 
(Thoma),  and  particles  of  cinnabar  and  China  ink  are 
fixed  in  it,  when  these  substances  are  injected  into  the 
blood  (Foa).] 

Fine  anastomosing  fibrils  derived  from  non-medul- 
lated  nerves  terminate  in  small  end-buds  in  relation 
with  the  capillary  wall ;  ganglia  in  connection  with 
the  nerves  of  capillaries  occur  only  in  the  region  of  the 
sympathetic. 

The  small  vessels  next  in  size  to  the  capillaries,  and 
continuous  with  them,  have  a  completely  structureless 
covering  in  addition  to  the  endothelium. 

III.  The  veins  are  generally  distinguished 
from  the  arteries  by  their  lumen  being  ividtr 
than  the  lumen  of  the  corresponding  arteries  ; 
their  ivalls  are  thinner  on  account  of  the  smaller 
amount  of  non-striped  muscle  and  elastic  tissue 
(the  non-striped  muscle  is  not  unfrequently 
arranged  longitudinally  in  veins).  They  are 
also  more  extensile  (with  the  same  strain).  The 
adventitia  is  usually  the  thickest  coat.  The 
occurrence  of  valves  is  limited  to  the  veins  of 
certain  areas. 

Structure. — (1)  The  tunica  intima  consists  of  a  layer 
of  shorter  and  broader  endothelial  cells,  under  which  in 
the  smallest  veins  there  is  a  str\ictureless  elastic  mem- 
brane, suh-cpithclial  layer,  which  is  fibrous  in  veins 
somewhat  larger  in  size,  but  in  all  cases  is  thinner  than 
in  the  arteries.  In  large  veins  it  may  assume  the 
characters  of  a  fenestrated  membrane,  which  is  double 
in  some  parts  of  the  cniral  and  iliac  veins.  Isolated 
muscular  fibres  exist  in  the  intima  of  the  femoral  and 
popliteal  veins. 

(2)  The  t.  media  of  the  larger  veins  consists  of 
alternate  layers  of  elastic  and  muscular  tissue  united 
to  each  other  by  a  considerable  amount  of  connective- 
tissue,  but  this  coat  is  always  thinner  than  in  the 
corresponding  arteries.  This  coat  diminishes  in  the  following  order  in  the  following  vessels  :— 
popliteal,  veins  of  the  lower  extremity,  veins  of  the  upper  extremity,  superior  mesenteric,  other 
abdominal  veins,  hepatic,  pulmonary,  and  coronary  veins.  The  following  veins  eontam  no 
muscle  :— veins  of  bone,  central  nervous  system  and  its  membranes,  retina,  the  superior  cava, 


Fig.  70, 

Longitudinal  section  of  a  vein  at  the 
level  of  a  valve,  a,  hyaline  layer  of 
the  internal  coat ;  h,  clastic  lamina  ; 
c,  groups  of  smooth  muscular  fibres 
divided  transversely ;  d,  longitudinal 
muscular  fibres  in  the  adventitia. 
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■with  the  large  trunks  that  open  into  it,  the  upper  part  of  the  inferior  cava.  Of  course,  in  these 
tjases  the  media  is  very  thin.  In  the  smallest  veins  the  media  is  formed  of  fine  connective- 
tissue,  with  very  few  muscular  fibres  scattered  in  the  inner  part. 

(3)  The  t.  adventitia  is  thicker  than  that  of  the  corresponding  arteries  ;  it  contains  miLch 
connective-tissue,  usually  arranged  longitudinally,  and  not  much  elastic  tissue.  Longitudinally 
arranged  muscular  fibres  occur  in  some  veins  (renal,  portal,  inferior  cava  near  the  liver,  veins 
of  the  lower  extremities).  The  valves  consist  of  fine  fibrillar  connective-tissue  with  branched 
cells.  An  elastic  network  exists  on  their  convex  surface,  and  both  surfaces  are  covered  by 
endothelium.  The  valves  contain  many  muscular  fibres  (fig.  70).  [Ranvier  has  shown  that 
the  shape  of  ' the  epithelial  cells  on  the  side  over  which  the  blood  passes,  are  more  elongated 
than  on  the  cardiac  side  of  the  valve,  where  the  long  axes  of  the  cells  are  placed  transversely.] 

The  sinuses  of  the  dura  mater  are  spaces  covered  with  endothelium.  The  spaces  are  either 
duplicatures  of  the  membrane,  or  channels  in  the  substance  of  the  tissue  itself. 

Cavernous  spaces  we  may  imagine  to  arise  by  numerous  divisions  and  anastomoses  of  tolerably 
large  veins  of  unequal  calibre.  The  vascular  wall  appears  to  be  much  perforated  and  like  a 
sponge,  the  internal  space  being  traversed  by  threads  and  strands  of  tissue,  which  are  covered 
with,  endothelium  on  their  surfaces,  that  are  in  contact  with  the  blood.  The  surrounding  wall 
consists  of  connective-tissue,  which  is  often  very  tough,  as  in  the  corpus  cavernosum,  and  it 
not  unfrequently  contains  non-striped  muscle. 

CavemouB  formations  of  an  analogous  nature  on  arteries  are  the  carotid  gland  of  the  frog, 
and  a  similar  structure  on  the  pulmonary  arteries  and  aorta  of  the  turtle,  and  the  coccygeal  gland 
of  man.  The  last  structure  is  richly  supplied  with  sympathetic  nerve-fibres,  and  is  a  convoluted 
mass  of  ampullated  or  fusiform  dilatations  of  the  middle  sacral  artery,  surrounded  and  per- 
meated by  non-striped  muscle. 

Vasa  Vasomm. — [These  are  small  vessels  which  nourish  the  coats  of  the  arteries  and  veins. 
They  arise  from  one  part  of  a  vessel  and  enter  the  walls  of  the  same,  or  another  vessel  at  a 
lower  level.  They  break  up  chiefly  in  the  outer  coat,  and  none  enter  the  inner  coat.]  In 
structure  they  resemble  other  small  blood-vessels.  The  blood  circulating  in  the  arterial  or 
venous  wall  is  returned  by  small  veins. 

[Lymphatics. — There  are  no  lymphatics  on  the  inner  surface  of  the  muscular  coat,  or  under 
the  intima  in  large  arteries.  They  are  numerous  in  a  gelatinous  layer  immediately  outside  the 
muscular  coat,  and  the  same  relation  obtains  in  large  muscular  veins  and  lymphatic  trunks 
(Eoggan).]  , 

Intercellular  Blood-Channels. — Intercellular  blood-channels  of  narrow  calibre,  and  wthout 
walls,  occur  in  the  granulation  tissue  of  healing  wounds.  At  first  blood-plasma  alone  is  found 
between  the  formative  cells,  but  afterwards  the  blood-current  forces  blood-corpuscles  through 
the  channels.  The  first  blood-vessels  in  the  developing  chick  are  formed  in  a  similar  way  from 
the  formative  cells  of  the  mesoblast. 

Properties  of  the  Blood- Vessels. — The  larger  blood-vessels  are  cylindrical  tubes 
composed  of  several  layers  of  various  tissues,  more  especially  elastic  tissue  and  smooth 
muscular  Jibres,  and  the  whole  is  lined  by  a  smooth  polished  layer  of  endothelium.  One 
of  the  most  important  properties  is  the  contiactility  of  the  vascular  wall,  in  virtue  of 
which  the  calibre  of  the  vessel  can  be  varied,  and  therefore  the  supply  of  blood  to 
a  part  is  altered.  The  contractility  is  due  to  the  plain  muscular  fibres,  which  are, 
for  the  most  part,  arranged  circularly.  It  is  most  marked  in  the  small  arteries,  and 
of  course  is  absent  where  no  muscular  tissue  occurs.  The  amount  and  intensity  of 
the  contraction  depend  upon  the  development  of  the  muscular  tissue  ;  in  fact,  the 
two  go  hand  in  hand.  [If  an  artery  be  exposed  in  the  living  body  it  soon  contracts 
under  the  stimulus  of  the  atmosphere  acting  upon  the  muscular  fibres.] 

[Action  of  Drugs  on  the  Vascular  System. — Gaskell  finds  that  a  very  dilute  solution  of  lactic 
acid  (1  :  10,000  parts  of  saline  solution),  passed  through  the  blood-vessels  of  a  frog,  always 
enlarges  the  calibre  of  the  blood-vessels,  while  an  alkaline  solution  (1  part  sodium  hydrate  to 
10,000  saline  solution)  always  diminishes  their  size,  usually  to  absolute  closure,  and  indeed  the 
•artificial  constriction  of  the  blood-vessels  may  be  almost  complete.  These  fluids  are  antagonistic 
to  each  other  as  far  as  regards  their  action  on  the  calibre  of  the  arteries.  Dilute  alkaline 
solutions  act  on  the  heart  in  the  same  way.  After  a  series  of  beats  the  ventricle  stops  beating, 
the  standstill  being  in  a  state  of  contraction.  Very  dilute  lactic  acid  causes  the  ventricle  to 
stand  still  in  the  phase  of  complete  relaxation.  The  acid  and  alkaline  saline  solutions  are 
antagonistic  in  their  action  on  the  ventricle.  Cash  and  Branton  find  that  dilute  acids  have 
a  tendency  to  increase  the  transudation  through  the  vessels  and  produce  wdcma  of  the  surround- 
ing tissues.  They  also  observed  that  barium,  calcium,  strontium,  copper,  iron,  and  tin  produce 
contraction  of  the  blood-vessels  when  solutions  of  their  salts  are  driven  through  tliem,  while 
the  same  effect  is  produced  bj'  very  dilute  solutions  of  potassium.    Nicotin,  atropin,  and 
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cblonil  diner  in  thoii-  action  according  to  the  dose.  In  these  experiments  the  effect  was  ascer- 
tained by  the  amount  of  lluid  wliich  llowed  out  of  the  vcsselH  in  a  given  time.]  If  blood 
containing  certain  drugs  be  perfused  through  the  bh)od-vessels  of  a  freshly  excised  organ  the 
blood-vessels  arc  dilated;  e.g.,  by  amyl  nitrite,  chloral  liydrate,  morphia,  CO,  paraldehyde 
kainn,  quinine,  atromu,  lerricynnide  of  potassium,  (urea  andsodic  chloride  in  the  renal  vessels) 
—they  are  contracted  by  digitalin,  veratria,  helleborin  {Kobcrl).  Heat  causes  contraction  of  the 
blood-vessels  ol  the  frog's  mesentery  {Giirlner).  According  to  Roy  the  blood-vessels  shorten 
when  heated. 

That  the  capillaries  undergo  dilatation  and  contraction,  owing  to  variations  in 
the  size  of  the  protoplasmic  elements  of  their  walls,  must  be  admitted. 

Strieker  has  described  capillaries  as  "  protoplasm  in  tubes,"  and  observed  that  in  the  tad- 
pole they  exhibited  movements  when  stimulated.  Golubew  described  an  active  state  of  contrac- 
tion of  the  capillary  wall,  but  he  regarded  the  nuclei  as  the  parts  which  underwent  change. 
Rouget  observed  the  same  result  in  the  capillaries  of  new-born  mammals.  Tarchanoff  found  that 
mechanical  or  electrical  stimulation  caused  a  change  in  the  shape  and  size  of  the  nuclei,  so  that 
he  regards  these  as  the  actively  contractile  parts.  [Severini  also  attaches  gi'eat  importance  to 
the  contractility  of  the  capillaries  and  especially  of  their  nuclei  as  influencing  the  blood-stream. 
Oxygen  acts  on  the  nuclei  of  the  capillary  wall  (membrana  nictitans  of  frog)  and  causes  them 
to  swell,  while  COg  has  an  opposite  efiect.  The  circulation  through  a  lung  suddenly  filled  with 
0  or  atmospheric  air  is  at  first  very  rapid,  but  it  soon  diminishes,  while  wth  CO^  the  circula- 
tion remains  constant.]  As  the  capillaries  are  excessively  thin,  soft,  and  delicate,' it  is  obvious 
that  the  form  of  the  individual  cells  must  depend  to  a  considerable  extent  upon  the  degree  to 
which  the  vessels  are  filled  w^th  blood.  In  vessels  which  are  distended  with  blood  the  en- 
dothelial cells  are  flattened,  but  when  the  capillaries  are  collapsed  they  project  more  or  less 
into  the  lumen  of  the  vessel  {Renrnd). 

[It  is  well  known  that  the  capillaries  present  great  variations  in  their  diameter  at  different 
times.  As  these  variations  are  usually  accompanied  by  a  corresponding  contraction  or  dilatation 
of  the  arterioles,  it  is  usually  assumed  that  the  variations  in  the  diameter  of  the  capillaries  are 
due  to  differences  of  the  pressure  within  the  capillaries  themselves,  viz.,  to  the  elasticity  of  their 
walls.  Every  one  is  agreed  that  the  capillaries  are  very  elastic,  but  the  experiments  of  Roy  and 
Graham  Brown  show  that  they  are  contractile  as  well  as  elastic,  and  these  observers  conclude 
that,  under  normal  conditions,  it  is  by  the  contractility  of;, the  capillaiy  wall  as  a  whole  that 
the  diameter  of  these  vessels  is  changed,  and  to  all  appearance  their  contractilitj'  is  constantly 
in  action.  "  The  individual  capillaries  (in  all  probability)  contract  or  expand  in  accordance 
with  the  requii'ements  of  the  tissues  through  which  they  pass.  The  regulation  of  the  vascular 
blood-flow  is  thus  more  complete  than  is  usually  imagined. " 

Physical  Properties. — Amongst  the  physical  properties  of  the  blood-vessels, 
elasticity  is  the  most  important ;  their  elasticity  is  small  in  amount,  i.e.,  they  offer 
little  resistance  to  any  force  applied  to  them  so  as  to  distend  or  elongate  them  but 
it  is  j^erfect  in  quality,  i.e.,  the  blood-vessels  rapidly  regain  their  original  size  and 
form  after  the  force  distending  them  is  removed. 

[Uses  of  Elasticity. — The  elasticity  of  the  arteries  is  of  the  utmost  importance  in  aiding  the 
conversion  of  the  unequal  movement  of  the  blood  in  the  large  arteries  into  a  uniform  flow  in  the 
capillaries.  E.  H.  Weber  compared  the  elastic  wall  of  the  arteries  with  the  air  in  the  air- 
chamber  of  a  fire-engine.  In  both  cases  an  elastic  medium  is  acted  upon — the  air  in  the  one 
case  and  the  elastic  tissue  in  the  other — which  in  turn  presses  upon  the  fluid,  propelling  it 
onwards  continually,  while  the  action  of  the  pump  or  the  heart,  as  the  case  may  be,  is  inter- 
mittent. The  ordinary  spray-producer  acts  on  this  principle.  A  uniform  spi-ay  or  jet  is 
obtained  by  pumping  intermittently,  but  only  when  the  resistance  is  such  as  to  bring  into  action 
the  elasticity  of  the  bag  between  the  jjump  and  the  spray-orifice.] 

According  to  E.  H.  "Weber,  Volkmann,  and  Wertheim,  the  elongation  of  a  blood-vessel  and 
moist  tissues  generally  is  not  proportional  to  the  weight  used  to  extend  it,  the  elongation  being 
relatively  less  with  a  large  weight  than  with  a  small  one,  so  that  the  curve  of  extension  is  nearly 
[or,  at  least,  bears  a  certain  relation  to]  a  hyperbola.  According  to  "Wundt,  we  have  not  only  to 
consider  the  extension  produced  at  first  by  the  weight,  but  also  the  subsequent  "elastic 
after-effect,"  which  occurs  gradually.  The  elongation  which  takes  place  during  the  last  few 
moments  occurs  so  slowly  and  so  gradually  that  it  is  well  to  observe  the  effect  by  means  of  a 
magnifying  lens.  Variations  from  the  general  law  occur  to  this  extent,  that  if  a  certain  weight 
is  exceeded,  less  extension,  and,  it  may  be,  permanent  elongation  of  the  artery  not  uufiequently 
occur.  K.  Bardeleben  found,  especially  in  veins  elongated  to  40  or  50  percent,  of  their  original 
length,  that  when  the  weight  employed  increased  by  an  equal  amount  each  time,  the  elongation 
was  proportional  to  the  square-root  of  the  weight.  This  is  apart  from  any  elastic  after-effect 
Veins  may  be  extended  to  at  least  50  per  cent,  of  their  length  without  passing  the  limit  of  their 
elasticity. 
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[Roy  experimentod  upon  the  elastic  properties  of  the  arterial  wall.  A  portion  of  an  arterj', 
so  that  it  could  bo  distended  by  any  desired  internal  pressure,  was  enclosed  in  a  small  vessel 
coptaining  olive  oil  arranged  in  the  same  way  as  iu  Hg.  62  for  the  heart.  The  variations  of  the 
contents  wei-c  recorded  by  means  of  a  lever  writing  on  a  revolving  cylinder.  The  instrument  is 
termed  a  Bphygmotonometer.  The  aorta  and  other  large  arteries  are  most  clastic  and  most  dis- 
tensible at  pressures  corresponding  more  or  less  exactly  to  their  normal  blood-pressure,  while  in 
veins  the  relation  between  internal  pressure  and  the  cubic  capacity  is  very  different.  In  them  the 
maximum  of  distensibility  occurs  with  pressures  immediately  above  zero.  Speaking  generally, 
the  cubic  capacity  of  an  artery  is  greatly  increased  by  raising  the  intra-arterial  tension,  say  from 
zero  to  about  the'normal  internal  pressure  which  the  artery  sustains  during  life.  Thus  in  the 
rabbit,  the  capacity  of  the  aorta  was  quadrupled  by  raising  the  intra-arterial  pressure  from  zero 
to  200  mm.  Hg.,  while  that  of  the  carotid  was  more  than  six  times  greater  at  that  pressure  than 
it  was  in  the  undistended  condition.  The  pulmonary  artery  is  distinguished  by  its  excessive 
elastic  distensibility.  Its  capacity  (rabbit)  was  increased  more  than  twelve  times  on  raising  the 
internal  pressure  from  zero  to  about  36  mm.  Hg.  Veins,  on  the  other  hand,  are  distinguished 
by  the  relatively  small  increase  in  their  cubic  capacity  produced  by  greatly  raising  the  internal 
pressure,  so  that  the  enormous  changes  in  the  capacity  of  the  veins  during  life  are  due  less  to 
differences  iu  the  pressure  than  to  the  great  diU'erenees  in  the  quantity  of  blood  which  they 
contain.] 

Pathological. — Interference  with  the  nutrition  of  an  artery  alters  its  elasticity,  [and  that  in 
cases  where  no  stTuctural  changes  can  be  found].  Marasmus  preceding  death  causes  the  arteries 
to  become  wider  than  normal.    In  some  old  people  they  become  atheromatous  and  even  calcified. 

Cohesion. — The  cohesion  of  blood-vessels  is  very  great,  and  in  virtue  of  this 
they  are  able  to  resist  even  considerable  internal  pressure  without  giving  way.  The 
carotid  of  a  sheep  is  ruptured  only  when  fourteen  times  the  usual  pressure  it  is  called 
upon  to  bear  is  put  upon  it  ( VoUcmann).  Given  a  vein  and  an  artery  of  the  same 
thickness,  a  greater  pressure  is  required  to  rupture  the  former  than  the  latter.  The 
human  carotid  or  iliac  artery  resists  a  pressure  of  8  atmospheres,  the 
veins  about  the  half  of  this. 

66.  INVESTIGATION  OF  THE  PULSE.— [The  characters  of 
the  pulse  may  be  investigated  by — (1)  the  eye  {inspection) ;  (2)  the 
finger  (jxdpation)  ;  (3)  instruments. 

Two  or  three  fingers  are  placed  over  the  course  of  the  radial 
artery,  and  the  various  phenomena  in  connection  with  the  pulse  are 
noted.  It  takes  much  practice  for  the  physician  to  acquire  the 
tactus  eruditus,  and  notwithstanding  the  value  of  instruments,  every 
physician  should  make  a  careful  study  of  the  pulse-beat  with  his 
finger.  In  order  to  feel  the  pulse-beat  or  to  take  a  pulse-tracing, 
there  rnust^  be  some  resistant  body,  e.g.,  a  bone  behind  the  artery, 
and  a  certain  degree  of  pressure  must  be  exerted  on  the  artery.] 

The  individual  phases  of  the  movement  of  the  pulse  can  only 
be  accurately  investigated  by  the  application  of  instruments  to  the 
arteries. 

(1)  Poiseuille's  Box  Pulse-Measurer  (1829).— An  artery  is  exposed  and 
placed  m  an  oolong  box  filled  with  an  indifferent  fluid.  A  vertical  tube  with 
a  scale  attached  commiinicates  with  the  interior  of  the  box.  The  column  of 
fluid  undergoes  a  variation  with  every  pulse-beat. 

(2)  Herisson's  Tubular  Sphygmometer  consists  of  a  glass  tube  whose  lower' 
end  IS  covered  with  an  elastic  membrane  (fig.  71).    The  tube  is  partly  filled 
with  Hg.    The  membrane  is  placed  over  the  position  of  a  pulsating  artery, 
so  that  Its  beat  cau,ses  a  movement  in  the  Hg.    Chelius  used  a  similar  instru-  q„i, „f 
ment,  and  he  succeeded  with  this  instrument  in  showing  the  existence  of  the^^H^?~ 
double  beat  (dicrotism)  in  the  normal  pulse  (1850).  ^^.''^'f^o" 

(3)  Vierordt'8  Sphygmograph  (1855). -In  this,  one  of  the  earliest  sphygmo- 

graphs  Vierordt  departed  from  the  principle  of  a  fluctuating  fluid  column,  and  adopted  the 
principle  of  the  lever.  Upon  the  artery  rested  a  small  pad,  which  moved  a  complicated  system 
ot  levers  At  hrst  he  used  a  straw  6  inches  long,  which  rested  on  the  artery.  The  point  of 
one  01  the  levers  inscribed  its  movements  upon  a  revolving  cylinder.  This  instrument  was 
soon  discarded.  ° 

(4)  Marey's  Sphygmograph  consists  of  a  combination  of  a  lever  with  an  elastic  spring.  The 


Fig.  71. 
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elastic  spring  (lig.  72,  A)  is  lixed  at  one  end,  z,  free  at  the  otlier  end,  and  provided  with  an 
ivory  pad,  y,  which  is  pressed  by  the  spring  upon  the  radial  artery.  On  the  upper  surlaee  of 
the  pad  there  is  a  vertically-placed  fine  toothed  rod,  L;  which  is  pressed  upon  by  a  weak  spring,  c, 


Fig.  72. 

Scheme  of  Marey's  sphygniograph.  A,  s]jring  with  ivory  pad,  y,  which  rests  on  the  artery ;  e, 
weak  spring  pressing  k  into  t ;  v,  writing  lever ;  P,  piece  of  smoked  glass  or  paper  moved 
by  clock-work,  U  ;  H,  screw  to  limit  excursion  of  A  ;  S,  arrangement  for  fixing  tlie  instru- 
ment to  the  arm  of  the  patient. 

so  that  its  teeth  dovetail  with  similar  teeth  in  the  small  wheel,  t,  from  whose  axis  there  pro- 
jects a  long,  light,  wooden  lever,  v,  running  nearly  parallel  with  the  elastic  spring.  This  lever 
has  a  fine  style  at  its  free  end,  s,  which  writes  upon  a  smoked  plate,  P,  moved  by  clock-work, 
U,  in  front  of  the  style.  Marey's  instrument,  as  improved  by  Mahomed  and  others,  has  been 
very  largely  used. 

[Its  more  complete  form,  as  in  fig.  73,  where  it  is  shown  applied  to  the  arm,  consists  of — (1) 
a  steel  spring,  A,  which  is  provided  with  a  pad  resting  on  the  artery,  and  moves  with  each 
movement  of  the  artery  ;  (2)  the  lever,  C,  which  records  the  movement  of  the  artery  and  spring 
in  a  magnified  form  on  the  smoked  paper,  G  ;  (3)  an  arrangement,  L,  whereby  the  exact  pressure 
exerted  upon  the  artery  is  indicated  on  the  dial,  M  ;  (4)  the  clock-work,  H,  which  moves  the 
smoked  paper,  G,  at  a  uniform  rate ;  (5)  a  framework  to  which  the  various  parts  of  the 
instrument  are  attached,  and  by  means  of  which  the  instrument  is  fastened  to  the  arm  by  straps, 
K,  K  {Byrom  Bramwell).'\ 

[Application. — In  applying  the  sphygmograph,  cause  the  patient  to  seat  himself  beside  a  low 
table,  and  place  his  arm  on  the  double-inclined  plane  (fig.  73).    In  the  newer  form  of  instru- 


Marey's  improved  sphygmograph.  A,  steel  spring  ;  B,  first  lever  ;  C,  writing  lever  ;  C,  its  free 
writing  end  ;  D,  screw  for  bringing  B  in  contact  with  G  ;  G,  slide  with  smoked  paper  H, 
clock-work  ;  L,  screw  for  increasing  the  pressure  ;  M,  dial  indicating  the  pressure  ;  K,  K, 
straps  for  fixing  the  instrument  to  the  arm,  and  the  arm  to  the  double-inclined  plane  or 
support. 

ment,  the  lid  of  the  box  is  .so  arranged  as  to  unfold  to  make  this  support.  The  fingers  ought  to 
be  semi-flexed.  M:.ark  the  position  of  the  radial  artery  with  ink.  See  that  the  clock-work  is 
wound  up,  and  apply  the  ivory  pad  exactly  over  the  radial  artery  where  it  lies  tipon  the  radius. 
fi.King  it  to  the  arm  by  the  non-elastic  straps,  K,  K.  Fix  the  slide  holding  the  smoked  paper 
in  position.  The  best  papi-r  to  use  is  that  with  a  very  smooth  surface,  or  an  enamelled  card 
smoked  over  tlie  flame  of  a  turpentine  lamp,  over  a  piece  of  burning  camphor,  or  over  a  fan- 
tailed  gas-burner.  The  writing-style  is  so  arranged  as  to  write  upon  the  smoked  paper  with 
the  least  possible  friction.     It  is  most  important  to  regulate  the  pressure  exerted  upon  the 
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artery  by  means  of  the  milled  hend,  L.    This  must  be  determined  for  each  pulse,  but  the  rule  is 
to  graduate  the  pressure  until  the  greatest  amplitude  of  movement  of  the  lever  is  obtained 
Set  the  clock-work  going,  and  a  tracing  is  obtained,  which  must  be  "  fixed  "  by  dipping  it  in 
A  rapidly  drying  varnish,  e.g.,  photographic.    In  every  case  scratch  on  the  tracing  with  a  needle 
the  name,  date,  and  amount  of  pressure  employed.] 

[(5)  Dudgeon's  Sphygmograph.— This  is  a  convenient  form  of  sphygmograph,  although 
Broadbent  regards  its  results  as  untrustworthy.    The  instrument  after  being  carefully  adjusted 


Fig.  7 J. 
Lud^^^'g's  sphygmograph, 

upon  the  radial  artery  is  kept  in  position  by  an  inelastic  sti'ap.  The  pressure  of  the  spring  is 
regulated  by  the  eccentric  wheel  to  any  amount  from  1  to  5  ounces.    As  in  othei*  instruments 


The  writing- 


Dudgeon's  sphygmograph. 


1?vp™!„^T  t  T.r^  I?         °^      writing-needle  by  means  of  clock-work.   The  writ 
(e)  nl.rji^^'-  ^^        l^''  movements  of  the  artery  are  rangnified  fifty  times  (fig.  75).] 
6  ^udwig  8  miproved  form  is  a  very  serviceable  instrument  (fig.  74).  1 

are  use^Tn'rtVt?.°'^  ^-^Si^tering  the  mo^^ements  of  the  pulse.  They 

aie  used  in  the  same  way  as  the  pansphygmograph.    Two  i.nirs  of  metallic  cups  fig.  76,  S,  S 


BBONDOKEST'S  SPHYGMOGUAPH. 


and  S',  S',  Upliani's  capsules)  are  pierced  in  the  middle  by  thin  metal  tubes,  whose  free  ends 
are  counoctud  with  caoutchouc  tubes,  K  and  K'.  All  the  four  metallic  vessels  are  covered  with 
an  elastic  niumbrauo.  On  S  and  S'  arc  lixed  two  knob-likc  pads,  'p  and  which  are  applied  to 
the  pulsating  arteries,  and  the  metal  arcs,  B  and  IJ',  retain  them  in  position.  On  the  other 
tambours  arc  arranged  the  writing-levers,  Z  and  '/J.    Pressure  on  the  one  tambour  uecessari 


compresses  the  air,  and  makes  the  other,  with  which  it  is  connected,  expand,  so  as  to  move  the 
writing-lever.    This  arrangement  does  not  give  absolutely  exact  results  ;  still,  it  is 


necessarily 
)  move  the 
very  easily 


Fig.  76. 

Scheme  of  Broudgeest's  sphygmograph.    S,  S',  receiving  and  recording  (S,  S')  tambours  with 
writing  levers,  Z  and  Z' ;  K,  K',  conducting  tubes  :  p,  over  heart,  p',  over  a  distant  artery. 

used,  and  is  convenient.  In  iig.  76  a  double  arrangement  is  shown,  whereby  one  instrument,  B, 
may  be  placed  over  the  heart,  and  the  other,  B',  on  a  distant  artery. 

(8)  Landois'  Angiograph.— To  a  basal  plate,  G,  G,  are  fixed  two  upright  supports,  p,  which 
carry  between  them  at  their  upper  part  the  movable  lever,  d,  r,  carrying  a  rod  bearing  a  pad, 
e,  directed  downwards,  which  rests  on  the  pulse.    The  short  arm  carries  a  counterpoise,  d,  so 


Fig,  77. 

Scheme  of  Landois'  angiograph. 

as  exactly  to  balance  the  long  arm.  The  long  arm  has  «f  VwlJLf  fin^^'S 
rod  provided  with  teeth,  h,  which  is  pressed  against  a  toothed  ^'  f  ^  A'  '  ' 
on  the  axis  of  the  very  light  writing-lever,  c/,  which  is  suppor  ed  If'^^^J^^^' 
rights,  ry,  fixed  to  tlie  opposite  end  of  the  basal  plate,  G,  G  The  .^"'""f  <;  ^  ^^^^^^^^^^^ 
bv  meuiis  of  a  light  weight.  The  writing-needle,  k;  is  fixed  by  a  joint  to  c  and  it  « ntes  on  lit 
rdate  The  fi"st-mentioned  lever,  d,  r,  carries  a  shallow  cup,  Q,  .lust  above  the  pad,  nUo 
&  teigl     may  ^1     to  i,re^  o  i  tl  e  pulse.    In  this  in.strument  the  weight  can  be  meas«.xKl 
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and  varied ;  the  writing-lever  moves  verticaUy,  and  not  in  a  curve  as  in  Marev's  animratus 
which  greatly  facilitates  the  measuring  of  the  curves  (fig.  77).  j      ii  , 

Other  sphygniogi-aphs  are  used,  both  in  this  country^aud  abroad,  including  that  of  Somnier- 
brodt,  which  is  a  complicated  form  of  Maroy's  sphygmograph,  and  those  of  Pond  and  Mach. 

In  every  pulse-curve— sphygmogram  or  arteriogram— we  can  distinguish  the 
ascendiyuj  paH  (ascent)  of  the  curve,  the  apex,  and  the  descending  part  (descent). 
Secondary  elevations  scarcely  ever  occur  in 
the  ascent,  which  is  usually  represented  by  a 
straight  line,  while  they  are  always  present 
in  the  descent.  Such  elevations  occurring  in 
the  descent  are  called  eatacrotic,  and  those 
in  the  ascent,  anacrotic.  Wlien  the  recoil 
elevation  or  dicrotic  wave  occurs  in  a  well- 
marked  form  in  the  descent,  the  pulse  is  said 
to  be  dicrotic,  and  when  it  occurs  twice, 
tricrotic. 

Measuring  Pulse-Curves.— If  the  smoked  surface  Fig.  73 

on  which  the  tracing  is  inscribed  is  moved  at  a  uni-  TvTm.mil  nnloo  n,„.„<f     +i        t  i 
form  rate  by  meant  of  the  clock-work,  then  the  ^XaLd  wZlLi^o^  1 
height  and  length  of  the  curve  are  measured  by    rnlate  atV.nWl  tf  rt 
means  of  an  oixHnary  rule.    If  we  know  the  rate  at    f  T  ^^'l  *?  *  ^i^rating  tumng- 

whichthepaperwas'^mov^d/then  it  isLyto  calcu-  ^^'^  vibration  =  0-01613 

late  the  duration  of  any  event  in  the  curve. 

r^^ht^r^        \  recorded  on  a  plate  of  glass  fixed  to  a  tuning-fork  kept  in  vibration.  Every 
part  of  the  curve  shows  little  elevations  (whose  rate  of  vibration  is  known  beforehand)  AU 
that  is  required  is  to  count  the  number  of  vibrations  in  order 
to  ascertain  the  duration  of  any  part  of  the  curve  (fig.  78). 
_  Gas-Sphygmoscope.— A  small  metallic  or  glass  capsule  (ficr 
1 9),  provided  with  an  inlet  and  an  outlet  "tube,  and  closed 
below  by  a  fine  membrane,  is  placed  over  an  artery  The 
mlet  tabe  is  connected  to  a  gas  supply,  and  the  outlet  to  a  ) 
rat-tailed  gas-burner  (6).   The  gas-jet  responds  to  every  pulse-  \ 
beat     tzermak  photographed  a  beam  of  light  set  in  motion 
by  the  movements  of  the  pulse. 

Haemautography.— Expose  a  large  artery  of  an  animal,  and 
divide  It  so  that  the  stream  of  blood  issuing  from  it  strikes 
against  apiece  of  paper  drawn  in  front  of  the  blood-stream 


Gas-sphygmoscope  of  S.  Mayer. 


Fig.  80. 

Hiumautographic  curve  of  the  poste- 
rior tibial  ai-tcry  of  a  dog.  P,  prim- 
ary pulse-wave  ;  R,  dicrotic  wave  ; 
c,  c,  elevations  due  to  elasticity. 


thearterial  valL  wSn^^^^^^^^  ^^'^  communicated  as  waves  t^ 

a  knowledge  of  thf  !amo  mrof^bloordi  n  ,  t'^f.^'-^^o^^  P^rts  of  the  curve,  we  obtain 

diastole  iL,  the  nlno^l'lT'^^^^^^^^^^^  "^'"'t^  artery  during  the  systole  and 
unit  of  lime  durincr  arterial  d  lafr/inn  v.fi  °  "rtery-the  ratio  is  7  :  10.  Thus  in  the 
compared  wiki  what^'Sriun-ig^^^^^^^^^^^  -  '"-■'^h  blood  flows  out  as 
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67-  PULSE-TRACING  OR  SPHYGMOGRAM.— [The  Pulse.— With  each 
systole  of  the  heart,  a  certain  quantity  of  blood  is  forced  into  the  already  filled  and 
partially  distended  arteries,  the  resistance  in  the  vessels  is  lowest  between  the 
pulsations,  and  at  this  time  the  arterial  tubes  are  somewhat  flattened,  but  with 
each  systole  of  the  left  ventricle  the  pulse-wave,  or  rather  the  liquid  pressure  within 
the  vessel,  is  increased,  thus  forcing  the  artery  back  into  the  circular  form.  "The 

change  of  shape,  from  the  flattened 
condition  impressed  upon  the  vessel 
by  the  finger  or  the  sphygmograph 
lever,  to  the  round  cylindrical  shape 
which  it  assumes  under  the  distend- 
ing force  of  the  blood  within  it,  con- 
stitutes the  pulse,"  and  it  indicates 
Fig.  81.  the  degree  and  duration  of  the  in- 

Sphygmogram  of  radial  artery  :  pressure  2  oz.  Each  creased  pressure  in  the  arterial  sys- 
part  of  the  curve  between  the  base  of  one  up-stroke  tem  caused  by  the  ventricular  systole 
and  the  base  of  the  next  up-stroke  corresponds  to  (Broadbeiit)A 

a  beat  of  the  heart,  so  that  this  figure  shows  live      AtioWc,;.,      a   ^^v^^^^^^^^  „ 
heart-beats  and  part  of  a  sixth.  Analysis.— A  sphygmogram  or 

pulse-tracmg  consists  of  a  series  of 
curves  (fig.  81)  each  of  which  corresponds  with  one  beat  of  the  heart.  Each  pulse- 
curve  consists  of — 

1.  The  line  of  ascent  (a  to  h  in  fig.  81). 

2.  The  apex  (P  in  fig.  83,  and  h  in  fig.  81). 

3.  The  line  of  descent     to  h). 

(1)  The  line  of  ascent,  up-stroke,  or  percussion  stroke,  is  nearly  vertical,  and 
occurs  during  the  dilatation  of  the  artery  produced  by  the  systole  of  the  left  ven- 
tricle, when  the  aortic  valves  are  forced  open  and  the  ventricular  contents  are  pro- 
jected into  the  arterial  system.  [The  ascent  is  nearly  vertical,  but  in  some  cases, 
where  the  ventricle  contracts  very  suddenly,  as  occasionally  happens  in  aortic 
regurgitation,  it  is  quite  vertical  (fig.  85).] 

(2)  The  apex  or  percussion  wave  in  a  normal  pulse  is  pointed. 

(3)  The  line  of  descent  is  gradual,  and  corresponds  to  the  diminution  of  diameter 
or  contraction  of  the  artery.  It  is  interrupted  by  two  completely  distinct  elevations 
or  secondary  waves.  Such  elevations  are  called  "  catacrotic."  The  more  distinct 
of  the  two  occurs  as  a  well-marked  elevation  about  the  middle  of  the  descent  (R  in 
fig.  83  and  /  in  fig.  81) ;  it  is  called  the  dicrotic  wave,  or,  with  reference  to  its 
mode  of  origin,  the  "  recoil  rvave."  [As  the  descent  corresponds  to  the  time  when 
blood  is  flowing  out  of  the  arteries  at  the  periphery  into  the  capillaries,  its  direction 
will  depend  on  the  rapidity  of  the  outflow.  Thus  it  will  be  more  rapid  in  paralysis 
of  the  arterioles  and  very  rapid  in  aortic  regurgitation,  where,  of  course,  much  of 
the  blood  flows  backward  into  the  left  ventricle  (fig.  85).  In  this  case,  the  artery 
will  recoil  suddenly  from  under  the  finger  or  pad  of  the  instrument,  and  this  consti- 
tutes the  "  pulse  of  empty  arteries."] 

The  dicrotic  wave,  or  recoil  wave,  corresponds  to  the  time  following  the  closure 
of  the  aortic  valves,  and  is  preceded  in  the  descent  by  a  slight  depression,  the  aortic 
notcL 

[The  tidal  wave,  or  pre-dicrotic,  occurs  between  the  apex  and  the  dicrotic  wave 
(fig.  81,  d).  It  occurs  on  the  descent,  and  during  the  contraction  of  the  ventricle. 
The  tidal  wave  is  best  marked  in  a  hard  pulse,  i.e.,  where  the  blood-pressure  is 
high,  so  that  it  is  usually  well  marked  in  cirrhotic  disease  of  the  kidney,  ac- 
companied by  hypertrophy  of  the  left  ventricle.] 

[In  some  cases,  e.g.,  mitral  regurgitation,  the  ])re-dicrotic  wave  niny  be  present  in  some 
puLse-beats  and  absent  in  others  (lig.  82),  where  the  tidal  wave  is  present  in  the  largest  pulse, 
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and  absent  in  the  others,  while  the  base  line  is  uneven.  In  mitral  stenosis  the  iimount  of  blood 
discharged  into  the  left  ventricle  frequently  varies,  hence  the  variations  in  the  characters  of 
the  arterial  pulse.] 

There  may  be  other  secondary  waves  in  the  lower  part  of  the  descent. 
[Respiratory  or  Base  Line.— If  a  line  be  drawn  so  as  to  touch  the  bases  of  all 


Fig.  82. 

Irregular  pulse  of  mitral  regurgitation. 


the  up-strokes,  we  obtain  a  straight  line,  hence  called  by  this  name.  The  base  line 
is  altered  in  disease  and  during  forced  respiration  (§  74).] 

The  pulse-curve  indicates  the  variations  of  pressure  which  the  blood  exerts  on  the  arterial 
walls,  for  the  lever  rises  and  falls  with  the  pressure,  heuce  v.  Kries  calls  it  the  ' '  pressure-pulse. " 

68.  ORIGIN  OF  THE  DICROTIC  WAVE.— The  dicrotic  or  recoil  wave, 

which  is  always  present  in  a  normal  pulse,  is  caused  thus  : — During  the  ventricular 
systole  a  mass  of  blood  is  propelled  into  the  already  full  aorta,  whereby  a  positive 
wave  is  rapidly  transmitted  from  the  aorta  throughout  the  arterial  system,  even  to 
the  smallest  arterioles,  in  which  this  jyrimary  imve  is  extinguished.    As  soon  as  the 
semi-lunar  valves  are  closed,  and  no  more  blood  flows  into  the  arterial  system,  the 
arteries,  which  were  previously  distended  by  the  mass  of  blood  suddenly  thrown 
mto  them,  recoil  or  contract,  so  that  in  virtue  of  the  elasticity  (and  contractility)  of 
their  walls,  they  exert  a  counter-pressure  upon  the  column  of  blood,  and  thus  the 
blood  IS  forced  onwards.    There  is  a  free  passage  for  it  towards  the  periphery,  but 
towards  the  centre  (heart)  it  impinges  upon  the  already  closed  semi-lunar  valves. 
This  develops  a  new  positive  wave,  which  is  propagated  peripherally  through  the 
arteries,  where  it  disappears  in  their  finest  branches.    In  those  cases  where  there  is 
sufficient  time  for  the  complete  development  of  the  pulse-curve,  (as  in  the  short 
course  of  the  carotids,  and  in  the  arteries  of  the  upper  arm,  but  not  in  those  of  the 
lower  extremity,  on  account  of  their  length),  a  second  reflected  wave  may  be  caused 
in  exactly  the  same  way  as  the  first.    Just  as  the  pulse  occurs  later  in  the  more 
peripherally  placed  arteries  than  in  those  near  the  heart,  so  the  secondary  wave 
reflected  from  the  closed  aortic  valves  must  appear  later  in  the  peripheral  arteries 
iioth  kinds  of  waves,  the  primary  pulse-wave,  the  secondary,  and  eventually  even 
the  tertiary  reflected  wave— arise  in  the  same  place,  and  take  the  same  course,  and 
the  longer  the  course  they  have  to  travel  to  any  part  of  the  arterial  system,  the 
later  they  arrive  at  their  destination.  ^ 

traSr"wh'pn\f  i'/'  ^r°"''  "''^       blood-pressure  and  a  rapid  sharp  cardiac  con- 

Sta  from       l?ft  ^   l^loof-P'-etf  ^'^^^  resistance  to  the  inflow  of  lilood  at  the 

tile  clSed  s2Lar  v/l^^^^^^^^^  °"       ^""^^^"^^^^  ^'"^        ^tart  a  wave  fronf 

r^^li^l^^X^^^^  '^""'^  '''''  ^^P-- 

fhl'J!"^  wave  occurs  later  in  the  descending  part  of  the  curve,  the  further 

the  artery  experimented  upon  is  distant  from  the°heart.    Compare  the  curves! 

ma^xttt°0*4ltro'S^st'X.%i'  f"'  where  the  dicrotic  wave  reaches  its 

longest  course  is  that^^  Se^S^of T  diSe  .^Jt^ 
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occurs  0"45  to  0*52  to  0"59  sec.  after  the  beginning  ol'  the  curve.  It  varies  with  the  height  of 
tlio  individual, 

2.  The  dicrotic  elevation  in  the  descent  is  lower,  and  is  less  distinct,  the  further 
the  artery  is  situated  from,  the  heart,  so  that  the  longer  the  distance  which  the 
wave  has  to  travel  the  less  distinct  it  becomes. 

3.  It  is  best  marked  in  a  pulse  where  the  i^rimary  pulse-wave  is  short  and 


j  E 


m 

XI J 1 

Fig.  83. 

I,  II,  III,  sphygmograms  of  carotid  avtcvy  ;  IV,  axillary  ;  V  to  IX,  radial  :  X.  dicrotic  radial 
pulse  ;  XI,  XII,  crural  ;  XIII,  posterior  tibial ;  XIV,  XV,  pedal.  In  all  the  curves  I 
indicates  apex  ;  R,  dicrotic  wave  ;  e,  e,  elevations  due  to  elasticity  ;  K,  elevation  caused 
by  the  closure  of  the  semi-lunar  valves  of  the  aorta. 

energetic.  It  is  greatest  relatively  when  the  systole  of  the  heart  is  short  and 
energetic.  .     ,  , 

4.  It  is  better  marked  the  lower  the  tension  of  the  blood  within  the  arteries,  [and 
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is  best  developed  in  a  soft  pulse].  In  fig.  83,  IX  and  X  were  obtained  when  the 
tension  of  the  arterial  was  loiv ;  V  and  VI,  medium ;  and  VII  with  high  tension. 

Conditions  influencing  Arterial  Tension. — It  is  diminished  at  the  begimiing  of  inspiration 
<§  74),  by  hajmorrliage,  stoppage  of  the^  heart,  heat,  an  elevated  position  of  parts  of  tlie  body, 
■amyl  nitrite,  nitro-glycerine,  and  the  nitrites  generally.  [Both  drugs  accelerate  the  pulse-beats 
and  produce  marked  dicrotism ;  with  amyl  nitrite  the  full  eflect  is  obtained  in  from  15  to  20 
sec.  after  the  inhalation  of  the  dose  (fig.  84,  A,  A'),  but  with  nitro-glycerine  not  until  6  or  7 
min.  (fig.  84,  B,  B')  and  in  the  latter  case  the  effects  last  longer.]    It  is  increased  at  the 


CD 

Fig.  84. 

Pulse-tracings.    A,  normal  ;  A',  one  minute  after  inhalation  of  amyl  nitrite  ;  B,  normal  •  B', 
after  a  dose  of  nitro-glycerine  {Stirling  after  Murrcll).  ' 

beginning  of  expiration,  by  accelerated  action  of  the  heart,  stimulation  of  vaso-motor  nerves, 
dimmished  outflow  of  blood  at  the  periphery,  and  by  inflammatory  congestion  by  certain 
poisons,  as  lead  ;  compression  of  other  large  arterial  trunks,  action  of  cold  and  electricity  on 
the  small  cutaneous  vessels,  and  by  impeded  outflow  of 
venous  blood.    When  a  large  arterial  trunk  is  exposed,  the 
stimulation  of  the  air  causes  it  to  contract,  resulting  in  an 
increased  tension  within  the  vessel.    In  many  diseased  con- 
ditions the  arterial  tension  is  greatly  increased — [e.g.,  in 
Bright's  disease,  where  the  kidney  is  contracted  ("granu- 
lar "),  and  where  the  left  ventricle  is  hypertrophied]. 
.  In  all  these  conditions  increased  arterial  tension  is  indi- 
cated by  the  dicrotic  wave  being  less  high  and  less  distinct, 
Avhile  with  diminished  arterial  tension  it  is  a  larger  and 
-apparently  more  independent  elevation.    Moens  has  shown 
that  the  time  between  the  primary  elevation  and  the  dicrotic 
wave  increases  with  increase  in  the  diameter  of  the  tube,  J^'ig.  85. 

with  dimimition  of  its  thickness,  aud  when  its  coeflicieut  of  Aortic  reguro-itation 

■elasticity  diminishes.  ^^l^llaliuh. 

[The  dicrotic  wave  is  absent  or  but  slightly  marked  in  cases  of  atheroma  aud  in  aortic 
regurgitation  (fig.  85).    In  this  fig.  observe  also  the  vertical  character  of  the  iip-stroke  ] 

Elastic  Elevations.— Besides  the  dicrotic  wave,  a  number  of  small  less-marked 
elevations  occur  in  the  course  of  the  descent  in  a  sphygmoaram  (fig  8.3  e  e) 
These  elevations  are  caused  by  the  elastic  tube  being  thrown  into  vibrations  by'the 
rapid  energetic  pulse- wave,  just  as  an  elastic  membrane  vibrates  when  it  is  suddenly 
stretched.  The  artery  also  executes  vibratory  movements  when  it  passes  suddenly 
iTom  the  distended  to  the  relaxed  condition.    These  small  elevations  in  the  pulse 

'''''''''  ^^^^^^  "^-^ 

fbili  '^^^  ^l^f""  ^'^^'■^^^"f  "^'^'■^^^e  in  number  in  one  and  the  same  artery  with 
the  degree  of  tension  of  the  elastic  arterial  wall.  A  very  high  tension  occur!  n 
the  cold  stage  of  intermittent  fever,  in  which  case  these  ele'vatfons  arfwell  mal-ked! 
<lisa";Lar  t  11    r      -'f  7^^^     greatly  diminished,  these  elevations  may 

ta^  t  '  t.  S  /b  diminished  tension  favours  the  production  of  the  dicroti^ 
7n  diLo  ^^ty^  tlie  opposite  way  with  reference  to  the  "elastic  elevations."  (3) 

Jrea  rdimi°nishp7  '"^^•'T"%'^"f'f         '''''^'^''y^  ^^^^  ^'^^^^i^-  -^te 
C  tL  he  T  ti?P  V  T    "  ^  ^^^^^^^^  '^"^  arteries  are  distant 

ithin  the  n  tpr  p!  elevations.    (.5)  When  the  mean  pressure 

■elast  c  vibraHoTr.  TT""^  ^'''^''''^S  the  outflow  of  blood  from  them,  the 
elastic  vibrations  are  higher  and  nearer  the  apex  of  the  curve.    (6)  They  vary 
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ill  number  and  length  in  the  pulse-curves  obtained  from  different  arteries  of  the 

body.  • 

When  the  arm  is  lield  in  an  miright  position,  al'ttr  live  minutes  the  blood- vosstls  empty 
themselves,  and  noUapse,  while  the  elasticity  ol'the  arteries  is  diminished. 

69.  Dicrotic  Pulse. —Sometimes  during  fever,  especially  when  the  temperature  is  high,' a 
dicrotic  pulse  may  be  felt,  each  pulse-beat,  as  it  were,  being  composed  of  two  beats  (fig.  83,  X), 
one  beat  being  largo  and  the  other  small,  and  more  like  an  after-beat.  Both  beats  correspond 
to  one  beat  of  the  heart.  The  two  beats  are  quite  distinguishable  by  the  touch.  The 
phenomenon  is  only  an  exaggerated  condition  of  what  occurs  in  a  normal  pulse.    2'/ie  sensible 
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Development  of  the  Pulsus  dicrotus — P.  caprizans  ;  P.  monocrotus. 

iecond  beat  is  nothitig  more  iJian  the  greatly  increased  dicrotic  elevation,  which,  under  ordinary 
conditions,  is  not  felt  by  the  finger. 

Conditions. — The  occnrrence  of  a  dicrotic  pulse  is  favoured  (1)  by  a  short  primary  pulse- 
wave,  as  in  fevers,  where  the  heart  beats  rapidly. 

(2)  By  diminished  arterial  tension.  A  short  systole  and  diminished  arterial  blood-pressnre  arc 
the  most  favourable  conditions  for  causing  a  dicrotic  pulse.  [So  that  dicrotism  is  best  marked 
in  a  soft  pulse.]  The  double  beat  maybe  felt  only  at  certain  parts  of  the  arterial  system, 
whilst  at  other  parts  only  a  single  beat  is  felt.  A  favourite  site  is  the  radial  artery  of  one  or 
other  side,  where  conditions  favourable  to  its  occurrence  appear  to  exist.  This  seems  to  be  due 
to  a  local  diminution  of  the  blood-pressure  in  this  area,  owing  to  the  paralysis  of  its  vaso- 
motor nerves  {Landois).  If  the  tension  be  increased  by  compresisng  other  large  arterial  tranks 
or  the  veins  of  the  part,  the  double  beat  becomes  a  simple  pulse-beat.  The  dicrotic  pulse  in 
fever  seems  to  be  due  to  the  increased  temperature  (39°  to  40°  C),  whereby  the  artery  is  more 
distended,  and'  the  heart-beat  is  shorter  and  more  prompt. 

(3)  It-is  absolutely  necessary  that  the  elasticity  of  the  arterial  luall  be  normal.  The  dicrotic 
pulse  does  not  occur  in  old  persons  with  atheromatous  arteries. 

Monocrotic  Pulse.  —In  fig.  86,  A,  B,  C,  we  observe  a  gradual  passage  of  the  normal  radial 
curve,  A,  into  the  dicrotic  beat,  B,  and  C,  where  the  dicrotic  wave,  r,  appears  as  an  indepen- 
dent elevation.  If  the  frequency  of  the  pulse  increases  more  and  more  in  fever,  the  next 
following  pulse-beat  may  occur  in  the  ascending  part  of  the  dicrotic  wave,  D,  E,  F,  and  it  may 
even  occur  close  to  the  apex,  G  (P.  caprizans).    If  the  next  following  beat  occurs  in  the 

depression,  i,  between  the  primary 
I  A      h      \     ^  A     ■      elevation,  j).  and  the  dicrotic  eleva- 

l\     |\     l\     A     f\     A     \    /\    A    K    A    '\  tion,  r,  the  latter  entirely  disappears, 

'  [Degrees  of  Dicrotism. — "\^henthe 
aortic  notch  reaches  the  respiratory  or 
base  line,  the  tidal  wave  having  dis- 
appeared, the  pulse  is  said  to  be  fully 
dicrotic.  When  the  aortic  notch  falls  below  the  base  line,  i.e.,  below  where  the  up-stroke 
l)cgins,  the  pulse  is  .said  to  be  hyperdicrotic  (fig.  87).  This  form  occni's  dunng  high  fever  (104 
F.),  and  is  usually  a  grave  sign,  indicating  exhaustion  and  the  need  for  stimulants.  J 

70  CHAEACTEES  OF  THE  PULSE.— [The  three  factors  concerned  in  the  production  of 
the  H«e  are,  (1)  the  action  of  the  heart,  (2)  the  elasticity  of  the  large  vessels,  (3)  the  resistanoe 
in  the  small  arteries  and  capillaries.  Any  or  all  or  several  ot  these  factors  may  be  moditu-d.] 
(1)  Frequency. -According  as  a  greater  or  less  manbcr  of  beats  occurs  in  a  given  tinie,  c..</.. 
per  minute,  the  pulse  is  said  to  be  frequent  or  infrequent.  The  nornial  rate  in  man  = , 
}  e  minute  and  somewhat  more  in  the' female  ;  in  fever  it  inay  exceed  120  (250  ha  e  bee 
counted  by' Bowles),  while  in  other  diseases  it  may  fall  to  40,  and  even  10  to  lo  ;  In^t  s^^^^^ 
cases  are  rare,  and  are  probably  due  to  an  affection  of  the  cardiac  nerves  (§  41).    The  frequency 


Fig.  87. 
Hyperdicrotic  pulse. 
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of  tho  pulse  is  usually  increased  when  the  respirations  are  deeper,  but  not  more  numerous,  i.e., 
rapid  shallow  respirations  do  not  allbct  the  fre(]uency  of  the  pulse,  but  deep  respirations  do. 
[The  frequency  may  be  regular  or  irregular  with  regard  to  time.] 

(2)  Celerity  or  Rapidity. — If  the  pulse-wave  is  developed,  so  that  the  distension  of  the  artery' 
slowly  reaches  its  height,  and  the  rela.xation  also  takes  place  gradually,  we  have  the  p.  tardus 
or  slow  or  long  pulse  ;  the  opposite  condition  gives  rise  to  the  p.  celer  or  quick  or  short  pulse. 
The  rapidity  of  the  pulse  is  increased  by  quick  action  of  the  heart,  power  of  expansion  of  the 
arterial  walls,  easy  efflux  of  blood  owing  to  the  dilatation  of  the  small  arteries,  and  by  nearness 
to  the  heart.  [The  quickness  has  reference  to  a  single  pulse-beat,  the  frequency  to  a  number  of 
beats.]  In  a  quick  pulse,  tho  curve  is  high  and  the  angle  at  the  apex  is  acute,  while  in  a  slow 
pulse  the  ascent  is  low  and  the  angle  at  the  apex  is  large. 

(3)  Conditions  affecting  the  Pulse-Eate. — Frequency  in  Health. — In  man  the  normal  pulse- 
rate  =71  to  72  beats  per  minute,  in  the  female  about  80.  In  some  individuals  the  pulse-rate 
may  be  higher  (90  to  100),  in  others  lower  (50),  and  such  a  fact  must  be  borne  in  mind. 

(a)  Age  :— 


Newly  born, 

1  year, 

2  years, 

3  „ 
4 


Beats  per 
Minute. 
130  to  140 
120  to  130 
105 
100 

97 


5  years, 
10  „ 

10  to  15  years. 
15  to  20  ,, 
20  to  25  ,, 


Beats  per 
Minute. 

94  to  90 
about  90 
.  78 
.  70 
.  70 


25  to  50  years, 
60  years,  . 
80     „  . 
80  to  90  years. 


Beats  per 
Minute. 
70 
74 
79 

over  80 


(6)  The  length  of  the  body  has  a  certain  relation  to  the  frequency  of  the  pulse.  The  following 
results  have  been  obtained  by  Czarnecki  from,  the  formulte  of  Volkmann  and  Rameaux  : — 


Length  of  Body 

Pulse. 

Lengtli  of  Body 

Pulse. 

In  10  cm. 

Calculated. 

Observed. 

in  10  cm. 

Calculated.  Observ-ed 

80  to  90, 

90 

103 

140  to  150,  . 

69  74 

90  to  100, 

86 

91 

150  to  160,  . 

67  68 

100  to  110, 

81 

87 

160  to  170,  . 

65  65 

110  to  120, 

78 

84 

170  to  180.  . 

63  64 

120  to  130. 

75 

78 

Above  180,  . 

60  60 

130  to  140, 

72 

76 

(c)  The  pulse-rate  is  increased  by  vmscular  activity,  by  every  increase  of  the  arterial  blood- 
pressure,  by  taking  of  food,  increased  teynperature,  painful  sensations,  by  imjchical  disturbances, 
and  [in  extreme  debility].  Increased  heat,  fever,  or  pyrexia  increases  the  frequency,  and  as  a 
rule  the  increase  varies  with  the  height  of  the  temperature.  [Dr  Aitken  states  that  an  increase 
of  the  temperature  of  1°  F.  above  98°  F.  corresponds  with  an  increase  of  ten  pulse-beats  per 
minute  :  thus — 


Temp. 
98° 
99° 
100° 


F. 


Pulse-Rate. 
60 
70 
80 


Temp.  F. 
101°  , 
102°  , 
103°  . 


Pulse-Rate. 
90 
100 
110 


Temp.  F. 
104° 
105° 
106° 


Pulse-Rate, 
120 
130 

.        .  140 

This  is  merely  an  approximate  estimate.]  It  is  more  frequent  when  a  person  is  standing  than 
when  he  lies  down.  Miisic  accelerates  the  pulse  and  increases  the  blood-pressure  in  dogs  and 
men.    Increased  barometric  pressure  diminishes  the  frequency. 

The  Variation  of  the  Pulse-Eate  during  the  Day.— 3  to  6  A. M.  =  61  beats  ;  8  to  Hi  A.  m.  =  74. 
It  theu  falls  towards  2  p.m.  ;  towards  3  (at  dinner-time)  another  increase  takes  pla'ce  and  goes 
on  imtil  6  to  8  p.m.  =70;  and  it  falls  until  midnight  =  54.  It  then  rises  again  towards 
2  A.M.,  when  it  soon  falls  again,  and  afterwards  rises  as  before  towards  3  to  6  v.m. 

[Pulse-Kate  in  Animals.— (CoMm).] 


Elephant, 
Camel,  . 
Giraffe, 
Horse,  . 
Ox,  . 
Tapir,  . 
Ass, 

Pig,  . 
Lion,  . 


Per  Min. 
25-28 
28-32 
66 
36-40 

45-  50 
44 

46-  50 
70-80 

40 


Lioness, 
Tiger, 
Sheep, 
Goat, 

Leopard,  . 
Wolf  (female) 
Hyfena, 
Dog, 
Cat, 


Per  Min. 

68 
74 
70-80 
70-80 
60 
96 
55 

90-100 
120-140 


Rabbit, 
Mouse,  . 
Goose,  . 
Pigeon, 
Hen, 
Snake.  . 
Carf).  . 
Frog!  . 
Salamander, 


Per  .Alin. 
120-150 
120 
110 
136 
140 
24 
20 
80 
77 


4)  Variations  in  the  Pulse-Ehythm  (AUorhytlimia).  — On  applying  the  fingers  to  the  normal 
pulse,  we  feel  beat  after  beat  occurring  at  apparently  ecjual  intervals.  Sometimes  in  a  normal 
.series  a  beat  is  omitted  =  pulsus  intermittens,  or  intermittent  pulse.  [In  feeling  an  inter- 
mittent pulse,  we  imagine  or  have  the  impression  that  a  beat  is  omitted.  This  may  be  due  to  a 
reiiex  arrest  of  the  ventricular  conti-action,  caused  by  digestive  derangement,  in  which  case  it 
lias  no  great  significance  ;  but  if  it  be  due  to  failure  of  the  ventricular  action,  intermittent  pulse 
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is  n  serious  symptom,  being  frequently  present  when  the  muscular  walls  are  degenerated.]  At 
other  times  the  beats  become  smaller  and  smaller,  and  after  a  certain  time  begin  as  large  as 
before  =  p.  myiirus.    When  an  extra  beat  is  intercalated  in  a  normal  series  ■=  p.  intercurrens. 

The  regular  alternation  of  a  high  and 
a  low  beat  =  p.  altemanB  (fig.  88).  In 
the  p.  bigeminuB  of  Traube  the  beats 
occur  in  paii  s,  so  that  there  is  a  longer 

  pnusc  after  every  two  beats.  Traube 

found  that  he  could  produce  this  form 
Ti  1      ''i',     ■  of  pulse  in  curarised  dogs  by  stopping 

Pulsus  alternans.  ^..^jA^j^l  respiration  for  a  long 

time.  The  p.  trigemimiB  and  quadrigeminus  occur  in  the  same  way,  but  the  irregularities 
occur  after  every  third  and  fourth  beat.  Knoll  found  that  in  animals  such  irregularities  of  the 
pulse  were  apt  to  occur,  as  well  as  great  irregularity  in  the  rliy thm  generally,  when  there  is 
much  resistance  to  the  circulation,  and  consequently  the  heart  has  gi-eat  demands  upon  its 
energy.  The  same  occurs  in  man  when  an  improper  relation  exists  between  the  force  of  the 
cardiac  muscle  and  the  work  it  has  to  do  {liicgel).  Complete  in-egularity  of  the  heart's  action 
is  called  arhythmia  cordis. 

71.  VAEIATIONS  IN  THE  CHARACTERS  OF  THE  PULSE.— CompressibUity.— The  rela- 
tive strength  or  compreBsibility  of  the  pulse  (p.  fortis  and  debilis),  i.e.,  whether  the  pulse  is 
strong  or  weak,  is  estimated  by  the  weight  which  the  pulse  is  able  to  raise.  A  sphygmograph, 
provided  with  an  index  indicating  the  amount  of  pressure  exerted  upon  the  spring  pressing  upon 
the  artery,  may  be  used  (fig.  73).  In  this  case,  as  soon  as  the  pressure  exerted  upon  the  artery 
overcomes  the  pulse-beat,  the  lever  ceases  to  move.  The  weight  employed  indicates  tlie  strength 
of  the  pulse.  [The  finger  may  be,  and  generally  is  used.  The  finger  is  pressed  upon  the  artery 
until  the  pulse-beat  in  the  artery  bcyoml  the  point  of  pressure  is  obliterated.  In  health  it  re- 
quires a  pressure  of  several  ounces  to  do  this.  Handfield  Jones  uses  a  sphygmometer  for  this 
purpose.  It  is  constructed  like  a  cylindrical  letter-weight,  and  the  pressure  is  exerted  by  means 
of  a  spiral  spring  which  has  been  carefully  graduated.]  The  pulse  is  hard  or  soft  when  the 
artery,  according  to  the  mean  blood-pressure,  gives  a  feeling  of  greater  or  less  resistance  to  the 
finger,  and  this  quite  independent  of  the  energy  of  the  individual  pulse-beats  (p.  durus  and 
mollis).  In  estimating  the  tension  of  the  artery  and  the  pulse,  i.e.,  whether  it  is  hard  or  soft, 
it  is  important  to  observe  whether  the  artery  has  this  quality  only  during  the  pulse-wave,  i.e. 
if  it  is  hard  during  diastole,  or  whether  it  is  hard  or  soft  during  the  period  of  rest  of  the  arterial 
wall.  All  arteries  are  harder  and  less  compressible  during  the  pulse-beat  than  during  the  period 
of  rest,  but  an  artery  which  is  very  hard  during  the  pulse-beat  may  be  hard  also  during  the 
pause  between  the  pulse-beats,  or  it  may  be  very  soft,  as  in  insufficiency  of  the  aortic  valves. 
In  this  case,  after  the  systole  of  the  left  ventricle,  owing  to  the  incompetency  of  the  aortic  seini- 
Ijmar  valves,  a  large  amount  of  blood  flows  back  into  the  ventricle,  so  that  the  arteries  are 
thereby  suddenly  rendered  partially  empty.  [The  sudden  collapse  of  the  arteiy  gives  nse  to 
the  characteristic  "pulse  of  unfilled  arteries"  (fig.  85).]  ,      •      r  ,  -u 

Under  similar  conditions,  the  volume  of  the  pulse  is  obvious  from  the  size  ot  the  sphygmo- 
gram,  so  that  we  speak  of  a  large  and  a  small  pulse  (p.  maguus  and  parvus).  Sometimes  the 
pulse  is  so  thready  and  of  such  diminished  volume  that  it  can  scarcely  be  felt.  A  large  pulse 
occurs  in  disease  when,  owing  to  hypertrophy  of  the  left  ventricle,  a  large  amount  of  blood  is 
forced  into  the  aorta.  A  small  pulse  occurs  under  the  opposite  condition,  when  a  small  amount 
of  blood  is  forced  into  the  aorta,  either  from  a  diminution  of  the  total  amoimt  of  the  Ijlood,  or 
from  the  aortic  orifice  being  narrowed  [aortic  stenosi.s],  or  from  disease  of  the  mitral  valve  ; 
acrain,  where  the  ventricle  contracts  feebly,  the  pulse  becomes  small  and  thready. 

"Compare  the  two  radials.    Sometimes  the  pulse  differs  on  the  two  sides,  or  it  may  be  absent 
on  one  side.    [The  pulse-wave  in  the  two  radials  is  often  different  when  an  aneurism  is  present 

"""Anriometer.— Waldenburg  constructed  a  "pulse-clock"  to  register  the  tension,  the  diameter 
of  the  artery,  and  the  volume  of  the  pulse  upon  a  dial.  It  does  not  give  a  graphic  tracing,  the 
results  being  marked  by  the  position  of  an  indicator. 

72  THE  PULSE-CURVES  OF  VARIOUS  ARTERIES.— 1.  Carotid  (fig.  83,  I,  II,  111  : 
fig.  93,  C  and  C^).  The  ascending  part  is  very  steep-the  apexj)f  the  cun-e  (fig.  83,  1 )  is  sh-nrr 
and  high.  Below  the  apex  there  is  a  small  notch-the  "aortic  notch'  (hg.  S3, 
depends  on  a  positive  wave  formed  in  the  root  of  the  aorta,  owing  to  the  closure  of  the  aort . 
va  ves,  and  propagated  with  almost  wholly  undiminished  energy  into  the  ^^^^-f "^er^.,  "^^^ 
dose  to  this  notch,  if  the  curve  be  obtained  with  minimal  friction,  the  first  cl'irf  ^  Jibratm„ 
occm-s  (fig.  83,  W  e).  Above  the  middle  of  the  descending  part  of  he  curve  is  the  die  otic 
Stio  R  produced  by  the  reflection  of  a  positive  wave  from  the  already  closed  semi-lunar 
valves  Th^  d  icrotic  wJve  is  relatively  .small  on  account  of  the  ugh  tension  i"  th«  c«rotul 
Slrv  After  this  the  curve  falls  rapidly,  but  in  its  lowest  third  two  small  elevations  n  ay  bo 
ZZ^-  n  \rl,.  the  former  is  d.ie  to  elastic  vibration.    The  latter  represents  a  second  dicrotic 
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wave  fig.  83,  III,  R).  Here  there  is  a  true  iricrotism,  which  is  more  easily  obtained  from  the 
carotid  on  account  of  the  shortness  of  the  arterial  channel. 

2.  Axillary  Artery  (fig.  83,  IV).  In  this  enrve  the  ascent  is  very  steep,  while  in  the  descent 
near  the  apex  there  is  a  small  (aortic)  elevation,  K,  caused  by  a  positive  wave,  produced  bv  the 
closure  of  the  aortic  valves.  Below  the  middle  there  is  a  tolerably  high  dicrotic  elevation,  R 
higher  than  in  the  carotid  curve  ;  because  in  the  axillary  artery  the  arterial  tension  is  less,  and 
permits  a  greater  development  of  the  dicrotic  wave.  Further  on,  two  or  three  small  elastic 
vibrations  occur,  c,  e. 

■  3.  Radial  Artery  (fig.  78  ;  fig.  83,  V  to  X  ;  fig.  93,  R  and  R,).    The  line  of  ascent  (fig.  83) 
IS  tolerably  higli  and  sudden— somewhat  in  the  form  of  a  long  /;    The  apex,  P,  is  well  marked 
Below  this,  if  the  tension  be  high,  two  elastic  vibrations  may  occur  (V,  c,  e),  but  if  it  be  low 
only  one  (VI  to  IX,  c).    About  the  middle  of  the  curve  is  the  well-marked  dicrotic  elevation 
K.    Ihis  wave  is  least  pronounced  in  a  small  hard  pulse,  and  when  the  artery  is  much  dis- 
tended (fig.  83,  VII,  Rj) ;  It  is  larger  when  the  tension  is  low  (fig. 
83,  IX,  R),  and  is  greatest  of  all  when  the  pulse  is  dicrotic  (X,  R). 
Two  or  three  small  elastic  elevations  occur  in  the  lowest  part  of 
the  curve. 

4  Femoral  Artery  (fig.  83,  XI,  XII).  The  ascent  is  steep  and 
high— the  apex  of  the  curve  is  not  unfrequently  broad,  and  in 
It  the  closure  of  the  aortic  valves  (K)  is  indicated.  The  curve 
lalls  rapidly  towards  its  lowest  third.  The  dicrotic  elevation,  R, 
occurs  late  after  the  beginning  of  the  curve,  and  there  are  also  small 

elastic  elevations  (c,  e).   

5.  Pedal  Artery  (fig.  83,  XIV,  XV),  and  Posterior  Tibial  (fig.  89  n 
and  fig.  83,  XIII).    In  pulse-curves  obtained  from  these  arteries   ^"w".  °^  posterior  tibial, 
there  are  well-marked  indications  that  the  apparatus  (heart)  pro-  ''^Sio- 
ducing  the  waves  is  placed  at  a  considerable  distance     The  ascent     ^i'^^  ^  vibrating 

IS  oblique  and  low— the  dicrotic  elevation  occurs  late.    Two  elastic     ^  ' 
vibrations  (fig.  83,  XIV,  e,  e)  occur  in  the  descent,  but  they  are  very  close  to  the  anex  while 
the  elastic  vibrations  at  the  lower  part  of  the  curve  are  feebly  marked     fYo-  89  L^fiom  tl  e 
posterior  tibial.    When  measured,  it  gives  the  following  result  - 
lto2       .       .        9-5)  ° 
1  to  3       .       .       20    (  . 
lto4       .       .  30-5 
lto6       .       .       61  ) 

1  and  9.  X      1  nn  i  9/  w?.  ■      I  condition  nlay  occiu-  normally  (fig.  83,  VIII  at 

1  and  .  ,  X,  at  1  and  2).    When  a  series  of  closely-placed  elastic  vibrations  occur  in  the  upper 
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vibration  is  =  0-01613  sec. 


Anacrotic  radial  curves 


a,  a. 


  the  anacrotic  parts. 

oTasclJ'^hen  ti^  cSon  SSiS  oT^of  ^ '^^t  ^".^^  ^^^'^ 

marked,  may  be  characteHsed  W  ^ih.T-   1  (fig-  90,  a,  a),  which,  when  it  is  so 

of  the  i'nflux  of  thrK^is  lonUi  hi?th  V  ^"^'^^t^™^  f  P"l«e  occurs  when  the  time 
takes  place  .—  occupied  by  an  elastic  vibration.    Hence  it 

raiL\!arte^^fr^r^^^^^  fig-  ^0,  A,  a  tracing  from  the 

blioiexp\lfLftretfa?;a1et  ;^  '^^'^  ~1 

occurs  in  old  people  whei^  the  Sef  n    '^T""  ^"'"^  *°  '^"'^^^       '^^•^'^'•■>'-  This 

e  tne  arteues  tend  to  become  rigid,  c.;/.,  in  atheroma.    Cold  also 
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stimulates  the  arteries,  so  that  they  become  less  cxtcnmle.  Within  one  hour  after  a  tepid  bath, 
the  pulse  assumes  the  anacrotic  form  (lig.  90,  D)  ((?.  v.  Lichig). 

(3)  When  the  blood  stagnates  in  consequence  of  great  diminution  in  the  velocity  of  the 
blood-stream,  as  occurs  in  paralysed  limbs,  the  volume  of  blood  propelled  into  the  artery  at 
every  systole  no  longer  producers  the  normal  distension  of  the  arterial  coats,  and  anacrotic 
notches  occur  (fig.  90,  B). 

(4)  After  ligatiire  of  an  artery,  when  blood  slowly  reaches  the  peripheral  part  of  the  vessel 
through  a  relatively  small  collateral  circulation,  it  also  occurs.  If  the  brachial  artery  be  com- 
pressetl  so  that  the  blood  slowly  reaches  the  radial,  the  radial  pulse  may  become  anacrotic. 
It  often  occurs  in  stenosis  of  the  aorta,  as  the  blood  has  difficulty  in  getting  into  the  aorta  (fig. 

C). 

Recurrent  Pulse. — If  the  radial  artery  be  compressed  at  the  wi'ist,  the  pulse- 
beat  reappears  on  the  distal  side  of  the  point  of  pressure  through  the  arteries  of 
the  palm  of  the  hand  (Janaud,  Neiderl).  The  curve  is  anacrotic,  and  the  dicrotic 
wave;is  diminished,  while  the  elastic  elevations  are  increased. 

(5)  A  special  form  of  anacrotism  occurs  in  cases  of  well-marked  insufBciency  of  the  aortic 
valves.  Practically,  in  these  cases,  the  aorta  remains  permanently  open.  The  contraction  of 
the  left  auricle  causes  in  the  blood  a  wave-motion,  which  is  at  once  propagated  through  the 
open  mouth  of  the  aorta  into  the  large  blood-vessels.  This  wave  is  followed  by  the  wave  caused 
by  the  contraction  of  the  hypertrophicd  left  ventricle,  but  of  course  the  former  wave  is  not  so 
large  as  the  latter.  In  insufficiency  of  the  aortic  valves,  the  auricular  wave  occurs  before  the 
ventricular  wave  in  the  ascending  part  of  the  curve.  The  auricular  is  well  marked  only  in  the 
large  vessels,  for  it  soon  becomes  lost  in  the  peripheral  vessels.    Fig.  91,  I,  was  obtained  from 


I.  II. 

Fig.  91. 

I.,  II.,  III.,  curves  with  anacrotic  elevations  a,  in  insufficiency  oi  the  aortic  valves. 

the  carotid  of  a  man  suffering  from  7VcU-marJced  insufficiency  of  the  aortic  valves,  with  con 
siderable  hypertrophv  of  the  left  ventricle  and  left  auricle.  The  ascent  is  steep,  caused  by  the 
force  of  the  contracting  heart.  In  the  apex  of  the  curve  are  two  projections  ;  A  is  the  anacrotic 
auricular  wave,  and  V  is  the  ventricular  wave.  Fig.  91,  II,  is  a  curve  obtained  from  the  sub- 
clavian artery  of  the  same  individual.  In  the  femoral  artery  the  auricular  projection  is  only 
obtained  when  the  friction  of  the  writing-style  is  reduced  to  the  minimum,  and  when  it  occurs 
it  immediately  precedes  the  beginning  of  the  ascent  (fig.  86,  III,  a).  The  pulse-cui-ve,  m  ca^es 
of  aortic  insufficiency,  is  also  characterised  by— (1)  its  considerable  height ;  (2)  the^rapul  laiJ 
of  the  lever  from  the  apex  of  the  curve,  because  a  large  part  of  the  blood  which  is  forced  into 
the  aorta  regurgitates  into  the  left  ventricle  when  the  ventricle  relaxes  ;  (3)  not  imfrequentlv  a 
proiection  occurs  at  the  apex,  due  to  the  elastic  vibration  of  the  tense  arterial  wall  :  (4)  tne 
dicrotic  wave  (R)  is  small  compared  with  the  size  of  the  curve  itself,  because  the  P"lf  "Y^"; 
owing  to  the  lesion  of  the  aortic  valves,  has  not  a  sufficiently  large  surface  to  be  reflected  from 
(fig.  8.5).  The  great  height  of  the  curve  is  explained  by  the  large  aniount  of  blood  projectwi 
into  the  aortic  .system  by  the  greatly  hypertrophicd  and  dilated  ventricle. 

74  INFLUENCE  OF  RESPIRATION  ON  THE  PTTLSE-CURVK-The 
respiratory  movements  influence  the  pulse  (1)  in  a  purely  physical  way.  Stated 
broadly,  the  blood-pressure  rises  during  inspiration  and  falls  during  expiration, 
but  when  we  consider  the  effect  on  the  pulse-curve,  it  is  found  that  it  vanes  with 
the  depth,  rapidity,  and  ease  of  respiration  :  (2)  the  respiratory  movements  are 
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accompanied  by  stimulation  of  the  vasomotor  centre,  which  produces  variations  of 
the  blood-pressure. 

1.  Normal  Respiration. — Fig.  92  shows  what  sometimes,  but  by  no  means 
always,  happens.  During  inspiration,  owing  to  the  dilatation  of  the  thorax,  more 
arterial  blnnd  is  retained  within  the  chest,  while  at  the  same  time  venous  blood  is 


.Fig.  92. 

Influence  of  the  respiration  upon  the  pulse.  J,  inspiration  ;  E,  expiration, 
sucked  into  the  right  auricle  by  the  aspiration  of  the  thorax ;  as  a  consequence  of 
this,  the  tension  in  the  arteries  during  inspiration  must  be  less.  The  diminution 
of  the  chest  during  expiration  favours  the  flow  in  the  arteries,  while  it  retards  the 
flow  of  the  venous  blood  in  the  venjB  cava;,  two  factors  which  raise  the  tension  in 
the  arterial  system.  The  difference  of  pressure  explains  the  difference  in  the  form 
of  the  pulse-curve  obtained  during  inspiration  and  expiration,  as  in  fig.  92  and  fig 
83,  I,  in,  IV,  in  which  J  indicates  the  part  of  the  curve  which  occurred  during 
inspiration,  .and  E  the  expiratory  portion.  The  following  are  the  points  of 
difference:— (1)  The  greater  distension  of  the  arteries  during  expiration  causes  all 
the  parts  of  the  curve  occurring  during  this  phase  to  be  higher  •  (2)  the  line  of 
ascent  is  lengthened  during  expiration,  because  the  expiratory  thoracic  movement 
helps  to  increase  the  force  of  the  expiratory  wave ;  (3)  owing  to  the  increase  of 
the  pressure,  the  dicrotic  wave  must  be  less  during  expiration  •  (4)  for  the  same 
reason  the  elastic  elevations  are  more  distinct  and  occur  higher  in  the  curve  near 
Its  apex.  The  frequency  of  the  pulse  is  slightly  greater  during  expiration  than 
during  inspiration. 

2.  This  purely  mechanical  effect  of  the  respiratory  movements  is  modified  by  the 
simultaneous  stimulation  of  the  vasomotor  centre  which  accompanies  these  move- 
ments    At  the  beginmng  of  inspiration  the  blood-pressure  in  the  arteries  is  lowest, 
but  It  begms  to  rise  during  inspiration,  and  increases  until  the  end  of  the  inspiratory 
act  reaching  its  maximum  at  the  beginning  of  expiration  :  during  the  remainder 
of  the  expiration^  the  blood-pressure  falls  until  it  reaches  its  lowes°t  leve  TgX  a 
i^,-fiT°'S^  of  inspiration  (compare  §  85,/);  the  pulse-curves  are  simTlarfy 
modified  and  exhibit  the  signs  of  greater  or  less  tension  of  the  arteries  correrond 
ing  to  the  phases  of  the  respiratory  movements.    [There  is,  as  it  were  a  dSpkce 
ment  of  the  blood-pressure  curve  relative  to  the  respiratory  krve  1  ^ 

Forced  Respiration. -With  regard  to  the  effect  produced  on  the  pulse-curve 
agreed.'""  ^  '""^^  inspiration,  ^servers  are  byC  means 

th7moftran?n^o^'i^'^^^  '"^^^^'"'^  P^^^^'^^^     best  produced  by  closing 

tne  moutn  and  nose,  and  then  making  a  great  exniratorv  effort-      fin\      ,  1-  ^ 

LrwhT""  ^'-^'^  Wood-pressure,  while%he  form  ofthVpu^^^^^^^ 
Wt  vTi  n  tlieT''  Z  ordinary  expiration,  the  dicrotic  wave  being  less  dereWd 
0   di^tished  tensl'^Tr  'T*^""^^"'       P^^l— ves  have  alTth  ^ns 

whichTaffected  r^^^^^^^^^  f  '^"^  «f  the  vasomotor  cenfre, 


1  12 


INFLUENCE  OF  PRESSUKE  ON  THE  PULSE-CURVE. 


Mliller's  Experiment. — When  the  thorax  is  in  the  expiratory  phase,  close  the 
mouth  and  nose,  and  take  a  deep  inspiration  so  as  forcibly  to  expand  the  chest 
(§  60).  At  first  the  pulse-curves  have  the  characteristic  signs  of  diminished  tension, 
viz.,  a  higher  and  more  distinct  dicrotic  wave;  then  the  tension  can,  by  nervous 
intiuences,  be  increased,  just  as  in  fig.  93,  where  C  and  E  are  tracings  taken  from 


Fig.  93. 

C,  curve  from  the  carotid,  and  K,  radial,  during  Miiller's  experiment ;  Cj  and  Rj,  during 
Valsalva's  experiment.    Curves  written  on  a  vibrating  surface. 

the  carotid  and  radial  arteries  respectively,  during  Miiller's  experiment,  in  which 
the  dicrotic  waves,  r,  r,  indicate  the  diminished  tension  in  the  vessels.  In  Cj  and 
Rj,  taken  from  the  same  person  during  Valsalva's  experiment,  the  opposite  con- 
dition occurs. 

Compressed  Air.— On  expiring  into  a  vessel  resembling  a  spirometer  (see  Respiration), 
(Waldenburg's  respiration  apparatus),  and  filled  with  compressed  air,  the  same  result  is  obtained 
as  in  Valsalva's  experiment— the  blood-pressure  falls  and  the  pulse-beats  increase  ;  conversely,, 
the  inspiration  from  this  apparatus  of  air  under  less  pressure  acts  like  Miiller's  experiment,  i.e., 
it  increases  the  effect  of  the  inspiration,  and  afterwards  increases  the  blood-pressure,  which  may 
either  remain  increased  on  continuing  the  experiment,  or  may  fall  {Lcnzmann). 

The  insinration  of  compressed  air  diminishes  the  mean  blood-pressuie  (Zuntz),  and  the  after- 
effect continues  for  some  time.  The  pulse  is  more  frequent  both  during  and  after  the  experi- 
ment. Ex])iration  in  rarefied  air  increases  the  blood- pressure.  The  effects  which  depend  upon 
the  action  of  the  nervous  system  do  not  occur  to  the  saine  extent  in  all  cases.  Exposirre  to- 
compressed  air  in  a  pneumatic  cabinet  lowers  the  pulse-curve,  the  elastic  vibrations  become 
indistinct,  and  the  dicrotic  wave  diminishes  and  may  disappear  {v.  Vivcnot).  The  heart's  beat 
is  slowed  and  the  blood-pressure  raised  {Bert).  Exposure  to  rarefied  air  causes  the  opposite 
result,  which  is  a  sign  of  diminished  arterial  tension.  .       .  . 

Pulsus  Paradoxus.— Under  pathological  conditions,  especially  when  there  is  union  of  the 
heart  or  its  large  vessels  with  the  surrounding  parts,  the  pulse  during  inspiration  may  bo 


rig.  94. 

Pulsus  paradoxus  (after  Kussmaul).    E,  expiration  ;  J,  inspiration, 
extremely  small  and  changed,  or  may  even  be  absent  (fig.  94).    This  condition  has  been  called 
pulsus  paradoxus  {Griesinger,  Kussmaul).    It  depends  upon  a  diminution  of  the  arterial  lumen 
during  the  inspiratory  movement.    Even  in  hcaltli,  it  is  possible  by  a  change  of  the  inspiratory 
movement  to  produce  the  p.  paradoxus  {Eiegcl,  Sommerbrodt). 

75   INFLUENCE  OF  PRESSURE  ON  THE  PULSE-CURVE.— It  is  most  important  to  know 
the  actual  pressure  which  is  applied  to  an  artery  while  a  sphygmogram  is  being  taken  Ihe 
changes  affect  the  form  of  the  curve  as  well  as  the  relation  of  individual  P^rts  thereof    In  hg. 
95,  a,  b,  c,  d,  c  are  radial  curves  ;  a  was  taken  with  minimal  pressure  h  with  100,  c  00  rt  .50 
and  e  450  grams  pressure,  while  A,  B,  C,  D  show  the  relations  as  to  the  tm>e  o  occ™ 
of  the  individual  phenomena  where  the  weight  was  successively  •,  J^'^. '^^^^^^^^  ^ 

curves  yields  the  following  results  :-(!)  When  the  ^^^lght  tj^./^'.^^*:^,;'^  ''t^^^^^ 

relatively  less;  the  whole  curve  is  high  ;  (2)  with  a  moderate  ^^'^gl^t 
dicrotic  wave  is  best  marked,  the  whole  curve  is  somewhat  lower  ;  (3)       "^^!^,'^f  ^'^^^ 
the  size  of  the  dicrotic  wave  again  diminishes  ;  (4)  the  fine  ^.l^st''^ , ^^'^'J^X  raSv  of  1  e 
dicrotic  wave  appear  first  when  a  weight  of  220  to  300  grams  is  used  ;  (5)  the  rapid.tj  ot  the 


TRANSMISSION  OK  PULSE-WAVE. 


pulse  changes  with  increasing  weight,  the  time  occupied  by  the  ascent  becoming  shorter,  the 
descent  becoming  longer  ;  (6)  the  height  of  the  entire  curve  decreases  as  the  weight  increases. 
In  every  sphygmogram  the  pressure  under  which  it  was  obtained  ought  always  to  be  stated. 
In  fig.  95,  A,-B  are  curves  obtained  from  the  radial  artery  of  a  healthy  student.  The  pressure 
exerted  upon  the  artery  for  A  was  100  ;  B,  220  grms.  (1  vibration  =  0-01613  sec). 

1/ pressure  be  exerted  upon  an  artert/  for  a  Ion;/  time,  the  strength  of  the  pulse  is  gradually 
increased.    If,  after  subjecting  an  artery  to  considerable  pressure,  a  lighter  weight  be  used,  not 
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Fig.  95. 

Various  forms  of  curves  (radial)  obtained  by  gradually  increasing  the  pressure. 
Tinfrequently  the  pulse-curve  assumes  the  form  of  a  dicrotic  pulse,  owing  to  the  greater  develop- 
ment of  the  dicrotic  elevation.  When  strong  pressure  is  applied,  the  blood  is  forced  to  iind  its 
way  through  collateral  channels.  When  the  chief  artery  ceases  to  be  compressed,  the  total 
area  is,  of  course,  considerably  and  suddenly  enlarged,  which  results  in  the  production  of  a 
dicrotic  elevation.  Fig.  83,  X,  is  such  a  dicrotic  curve  obtained  after  considerable  pressure  had 
been  applied  to  the  artery. 

76.  TRANSMISSION  OF  PULSE-WAVES.— The  pulse-wave  proceeds  fclirougli- 
•out  the  arterial  system  from  the  root  of  the  aorta,  so  that  the  pulse  is  felt  sooner 
in  parts  lying  near  the  heart  than  in  the  peripheral  arteries.  E.  H.  Weber  calcul- 
ated the  velocity  of  the  pulse-wave  as  9-240  metrfes  [28^  feet]  per  second,  from 
the  difference  in  time  between  the  pulse  in  the  external  maxillary  artery  aiid  the 
dorsal  artery  of  the  foot.  Czermak  showed  that  the  elasticity  was  not  equal  in  all 
the  arteries,  so  that  the  velocity  of  the  pulse-wave  cannot  be  the  same  in  all.  The 
pulse-wave  is  propagated  more  slowly  in  the  arteries  with  soft  extensile  walls  than 
in  arteries  with  resistent  and  thick  walls,  so  that  it  is  transmitted  more  rapidly  in 
the  arteries  of  the  lower  extremities  than  in  those  of  the  upper.  It  is  still  slower 
in  children. 

77  PULSE-WAVE  IN  ELASTIC  TUBES. -Waves  similar  to  the  pulse  may  be  produced  in 
elastic  tubes.    (1)  Accoi^mg  to  E.  H.  Weber  the  velocity  of  propagation  of  the  waves  is  11  ^> 05 
metres  per  sec. ;  according  to  Bonders,  11-13  metres  (34-42  feet".    (2)  According  to  E  H 
Weber  increased  internal  tension  causes  only  an  inconsiderable  decrease  ;  Rive  foJnd  a  ^reat 
decrease  ;  Bonders  found  no  obvious  difference;  while  Marey  found  an  increased  velocity  "Js 
Bonders  ound  the  velocity  to  be  the  same  in  tubes  2  mm.  in  diameter  as  in  wider  tubes  bu 
Marey  believes  that  the  velocity  varies  when  the  diameter  of  the  tube  chrnge      (4  '  The 
ve  ocity  IS  less,  the  smal  er  the  elastic  coefficient.    (4)  The  velocity  increases  ^fith  inci-eascd 
thickness  of  the  wall,  while  it  diminishes  when  the  specific  gravity  of  the  fluid  increases 
.^lT^"      "'"n^l formulated  the  following  laws  at  to  the'velocity  of  propa^t  on  of^:aves  in 
S    S  ff'r^^U*''  '"tersely  pi^portional  to  the  square  root  of  thLiWmc  g  avi  V^of  the 
same  •  (3Ht  s  inveJ.ll''^'''"!        °^  the  th  ckness  of  the  wall,  the  lateral  pressure  hLg  the 
hTsam;    UuTl  Z  ll «^th«.d•^»'eter  of  the  tube,  the  lateral  pressure  being 

ptre'^belnl\Ve^rm*e'(SS  "  ''''''  ^^^^''^^ 

'inl  '^-^^  y^^°"*y  of  tlie  wave  is  11-809  metres  per  second. 

(b)  nxemtra-vascular  pressure  has  a  decided  influence  on  the  velocity:  thus,  in  the  tube, 

-  H 
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A,  with  18  cm.  (Hg.)  pressure,  the  velocity  per  uietre  =  0-093  second,  while  witli  21  cm.  pres- 
sure (Hg.)  =  0-095  second  per  metre. 

(C)  The  1,'pccijic  (jmvitu  of  the  liquid  influences  the  velocity  of  the  pulse-wave,  lu  ruercunj 
the  wave  is  propagated  four  times  more  slowly  than  in  water. 

(D)  The  velocity  in  a  tube  which  is  more  rigid  and  not  so  extenssile  is  greater  than  in  a  tube 
which  is  easily  distended. 

78.  VELOCITY  OF  THE  PULSE-WAVE  IN  MAN.— Landois  obtained  the  following  results 
in  a  student : — DiUbreuce  between  carotid  and  radial  =  0"074  .second  (the  distance  being  taken 
as  62  centimetres)  ;  carotid  and  femoral  =  0 '068  second  ;  femoral  (inguinal  region)  and  posterior 
tibial  =  0 '097  second  (distance  estimated  at  91  centimetres).  [Waller  obtained  between  the 
heart  and  carotid  O'lO  second  ;  heart  and  femoral,  O'lS  sec. ;  heart  and  dorsalis  pedis,  0'22.] 

The  velocity  of  the  pulse-wave  in  the  arteries  of  the  upper  extremities  =  S-4.'i 
metres  per  second,  and  in  those  of  the  lower  extremity  9'4:0  metres  per  second,  {i.e., 
about  30  feet  per  second].  The  velocity  is  greater  in  the  less  extensile  arteries  of 
the  lower  extremities  than  in  those  of  the  upper  limb.  For  the  same  reason  it  is 
less  in  the  peripheral  arteries  and  in  the  yielding  arteries  of  children  {Czei'malc). 

E.  H.  Weber  estimated  the  velocity  at  9-24  metres  per  second;  Garrod,  9-10-8  metres; 
Grashey,  8-5  metres  ;  Moens,  8 -3  metres,  and  with  diminished  pressure  during  Valsalva's  experi- 
ment 7-3  metres  (§  60,  §  74). 

Influencing  Conditions. — In  animals,  hemorrhage,  slowing  of  the  heart  produced  by  stimula- 
tion of  the  vagus  {Moens),  section  of  the  spinal  cord,  deep  morphia-narcosis,  and  dilatation  of 
the  blood-vessels  by  heat,  produce  sloivincj  of  the  velocity,  while  stimulation  of  the  spinal  cord 
accelerates  it  {Grunviach). 

The  -wave-length  of  the  pulse-wave  is  obtained  by  multiplying  the  duration  of 
the  inflow  of  blood  into  tlie  aorta  =  0-08  to  0-09  second  (§  51),  by  the  velocity  of 
the  [julse-wave. 

Method.— Place  the  knobs  of  two  tambours  (fig.  76)  upon  the  two  arteries  to  be  investigated, 
or  place  one  over  the  apex-beat  and  the  other  upon  an  artery.  These  receiving  tambours _are 
connected  with  two  registering  tambours,  as  in  Brondgeest's  pansphygniograph  (§  67,  fig.  76), 
so  that  their  writing-levers  are  directly  over  each  other,  and  so  arranged  as  to  write  simultane- 
ously on  one  vibrating  plate  attached  to  a  tuning-fork.  [Or  they  may  be  made  to  wnte  upon  a 
revoh-ino-  cylinder,  whose  rate  of  movement  is  ascertained  by  causing  a  tunmg-fork  of  a  knowni 

rate  of  vibration  to  write  under  them.]  The  apparatus  is 
improved  by  using  rigid  tubes  and  filling  them  with  water, 
in  which  all  impulses  are  rapidly  communicated.  In  arteries 
which  are  distant  from  each  other,  or  in  the  case  of  the  heart 
A  BIHIMII^fi&^^H    and  an  artery,  the  two  knobs  of  the  receiving  tambours  may 


Fig.  96. 

A,  curve  of  radial  artery  on  a  vibrating  surface  (1  vib.  =0-01613  sec.)  ;  P,  apex  of  curve  ;  e  e, 
elastic  vibrations  ;  E,  dicrotic  wave.  B,  curve  of  same  radial  taken  along  with  the  heart- 
beat;  V,  H,  P,  contraction  of  the  ventricle, 
be  connected  by  means  of  a  Y- tube  with  one  writing-lever.  In  fig.  96  B  is  a  curve  from  the 
radial  artery  taken  in  this  way.  In  it  r  H  P  indicates  contraction  of  the  ^-e^t^cle  ;  H  t he 
apex  of  the  ventricular  contraction  ;  P,  the  primary  apex  of  the  radial  curve;  v  the  begin  mn^^ 
of  the  ventricular  contraction  ;  y,  of  the  radial  pulse.  A  is  the  curve  of  the  radial  arterj  alone. 
From  these  curves  it  is  evident  that  in  this  instance  nine  vibrations  occur  between  the  begin- 
ning of  the  ventricular  contraction  and  the  beginning  of  the  pulse  in  the  radial  aittrj  - 

0*15  sGC  " 
In  tig.'  97  the  difference  between  the  carotid  and  the  posterior  tibial  pulse  =  0-13/  sec 
Pathological. -In  cases  of  diminished  extensibility  of  the  arteries  c-.f/.,  in  'Atheroma  b  ,  /^^, 
the  pulse-wave  is  propagated  more  rapidly.    Local  dilatations  of  the     enes  as  in  ane™, 
causi  a  retardation  of  the  wave,  and  a  similar  result  arises  from  local  constnctions.  Kdaxatiou 
of  the  walls  of  the  vessels  in  high  fever  retards  the  movement  {Uamcrnjk  ). 

79  OTHEE  PULSATILE  PHENOMENA. -1.  In  the  mouth  and  nose,  when  thoy  are  hlled 
with  air,  and  the  glottis  closed,  pulsatile  phenomena  (due  to  the  artones  ,n  their  soft  parts), 


OTHER  PULSATILE  PHEN-QMENA. 


may  be  found  communicating  a  movement  to  tlic  contained  air.  The  curves  obtained  are 
relatively  small,  and  closely  resemble  the  curve  of  the  carotid.  A  similar  pulse  is  obtained  in 
the  tympanum  with  intact  membraiia  tympani,  and  when  the  soft  parts  of  the  tympanum  are 
congested  (Sc/m-a)-t:c,  Troltsch). 

2.  Entoptical  Pulse.— After  violent  exercise,  an  illumination,  corresponding  to  each  pulse- 
beat,  occurs  ou  a  dark  optical  field.    When  the  optical  field  is  bright,  an  analogous  darkeninf 


Tib.fost.  I 

.WtawWVUi.. ........    L. 


Carot. 


Fig.  97. 

Curves  of  the  carotid  and  posterior  tibial  taken  simultaneously  with  Brondgeest's  pansphygmo- 
graph  writing  upon  a  vibrating-plate  attached  to  a  tuning-fork.  The  arrows  indicate  the 
identical  moment  of  time  in  each  curve. 

occurs.  The  ophthalmoscope  occasionally  reveals  pulsation  of  the  retinal  arteries  {Jacjcr), 
which  becomes  marked  in  insufficiency  of  the  aortic  valves.  ' 

3.  Pulsatile  Muscidar  Contraction. —The  orhicularis  pal2}ebrarum  muscle  contracts  under 
similar  conditions  synchronously  with  the  pulse  ;  and  it  is  perhaps  due  to  the  pulse-beat 
exciting  the  sensory  nerves  reflexly.  The  Brothers  Weber  found  that  not  unfrequentlv,  while 
walking,  the  step  and  pulse  gradually  and  involuntarily  coincide. 

4.  When  the  legs  are  crossed  as  one  sits  in  a  chair,  the  leg  which  is  supported  is  raised  with 
each  pulse-beat,  and  it  gives  also  a  second  or  dicrotic  elevation. 

5.  If,  while  a  person  is  quite  quiet,  the  ineisoi-  teeth  of  the  lower  jaw  be  made  just  to  touch 
the  upper  incisors  very  lightl)-,  we  detect  a  double  beat  of  the  lower  against  the  uj^per  teeth 
ow^ng  to  the  jiulse-beat  in  the  external  maxillary  artery  raising  the  lower  jaw.    The  second 
elevation  is  duo  to  the  closure  of  the  semi-lunar  valves,  and  not  to  a  dicrotic  wave. 

6.  Bram  and  FontaneUes.  — The  large  arteries  at  the  base  of  the  biuin  communicate  a 
movement  to  it,  while  similar  movements  oecur  with  respiration— rising  during  exijiratiou  and 
tailing  during  inspiration.  These  movements  are  visible  in  the  fontanellcs  of  infants  The 
respiratory  movements  depend  upon  variations  in  the  amount  of  blood  in  the  veins  of  the 
cranial  cavity,  and  also  upon  the  respiratory  variations  of  the  blood-pressure 

/.  Amongst  pathological  phenomena  are  («)  the  beating  in  the  epigastrium,  e.g.,  in  hyper- 
trophy of  the  right  or  left  ventricle,  caused,  it  maybe,  by  deep  insertion  of  the  diaphragm'  and 
It  may  be,  partly,  by  the  beating  of  a  dilated  abdominal  aorta  or  cceliac  axis. 

[b)  Aneurisms  or  ahvormal  dilatations  of  the  arteries  cause  an  abnormal  pulsation  while  they 
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Fig.  98. 

Elastic  support  for  registering  the  molar  motions  of  the  bodv-K,  wooden  box  •  B  feet  of 
iTl    Cu'rie  obtt^P^f^  "'I'^l  curves  of  a  healdiy  p  rsan 

"yper&S^Vof  thetarT"  '  nisufhciency  of  the  aortic  valves  aU  great 

'■'^""■'•'^      the  pulsc-iravc  in  the  corrcsiiondin..  artery     Hence  the 
pulse  appears  later  in  such  an  artery  than  in  the  artery  on  the  he.'llthy  siTle   %,.,-!;-o;/5  Zi 


VIBKATIONS  OF  THE  BODY  DUE  TO  THE  HEART. 


dilatation  of  the  left  ventricle  cause  the  arteries  near  the  heart  to  pulsate  strongly.  In  the 
analogous  coulition  of  the  right  ventricle,  the  beat  of  the  pulmonary  artery  may  be  seen  and  felt 
in  the  second  left  intercostal  space. 

80.  VIBRATIONS  OF  THE  BODY  DUE  TO  THE  HEART.— The  beating  of  the  heart  and 

large  arteries  communicates  vibrations  to  tlie  body  as  a  whole  ;  the  vibration  being  not  simple 
but  compound.  Gordon  was  the  first  to  represent  this  pul.satory  vibration  graphically.  If  a 
person  be  placed  in  an  erect  attitude  in  the  scale-pan  of  a  large  balance,  the  index  oscillates, 
and  its  movements  coincide  with  the  heart's  movements. 

Method. — Take  a  long  four-sided  box,  K,  open  at  the  top,  and  arrange  several  coils,  a,  6,  of 
stout  caoutchouc  tubing  round  our  end  (lig.  98).  A  wooden  board,  B,  is  so  placed  that  it  rests 
with  one  end  on  the  caoutchouc  tubing,  and  with  the  other  on  the  narrow  end  of  the  box.  The 
person  to  be  experimented  upon.  A,  stands  vertically  and  firmly  on  this  board.  A  receiving 
tambom',  p,  is  placed  against  the  surface  of  the  board  next  the  elastic  tube,  which  registers  the 
vibrations  of  the  foot-support.  Fig.  III.  is  a  curve  showing  such  vibrations,  each  heart-beat 
being  followed  in  this  case  by  four  oscillations.  To  ascertain  the  relations  and  causes  of  these 
vibrations,  it  is  necessary  to  obtain,  simultaneously,  a  tracing  of  the  heart  and  the  vibratory 
curve.  For  this  purpose  use  the  two  tambours  of  Brondgeest's  pansphygmograph  (§  67,  76), 
placing  one  knob  or  pad  over  the  heart  and  the  other  on  the  foot-support,  and  allow  the  writing- 
tambours  to  inscribe  their  vibrations  on  a  glass  plate  attached  to  a  tuning-fork. 

In  the  loivcr  or  cardiac  impulse  curve  (fig.  99),  the  rapidly-rising  part  is  due  to  the  ventricular 


Fig.  99, 

The  upper  curve  is  the  vibration-curve  of  a  healthy  person,  and  the  lower  one  a  ti-acing  of  the 

apex-beat. 

systole.  It  contains  eight  vibrations  (1  vib.  =0-01613  sec).  The  beginning  of  the  ventricular 
systole  is  indicated  in  the  fig.  by —36,  -3,  -17. 

If  the  corresponding  numbers  in  the  upper  or  vibratory  curve  are  studied,  it  is  obvious  that 
at  the  momeiU  of  vcntricidar  systole  the  body  makes  a  downward  vibration,  i.e.,  it  exercises  greater 
pressure  upon  the  foot-support.  Gordon  interprets  his  curve  as  giving  exactly  the  opposite 
residt.  This  downward  motion,  however,  lasted  only  during  five  vibrations  of  the  tuning-fork  : 
during  the  last  three  vibrations,  corresponding  to  the  systole,  .there  is  an  ascent  of  the  body 
corresponding  to  a  less  pressure  upon  the  foot-plate.  "When  the  ventricle  empties  itself,  it 
undergoes  a  movement  in  a  downward  and  outward  direction — Gutbrodt's  "  reaction  impulse." 

In  the  tipper  curve  analogous  numbers  are  employed  to  indicate  the  vibrations  occurring 
simultaneously,  viz.,  -28,  -11,  -10.  The  closure  of  the  semi-lunar  valves  is  well  marked  in  the 
three  heart-beats  at  20,  -20.  This  closure  is  indicated  in  analogous  points  in  both  curves,  after 
which  there  is  a  descent  of  the  foot-support,  and  this  coiTesponds  to  the  downward  propagation 
of  the  pulse-wave  through  the  aorta  to  the  vessels  of  the  feet. 

Pathological.— In  insufficiency  of  the  aortic  valves,  as  shown  in  fig.  98,  III.,  the  vibration 
communicated  to  the  body  is  very  considerable. 

81.  THE  BLOOD-CURRENT.— Cause.— The  closed  and  much-branched  vas- 
cular system,  whose  walls  are  endowed  with  elasticity  and  contractility,  is  not  only 
completely  filled  with  blood,  but  it  is  over-filled.  The  total  volume  of  the  blood 
is  somewhat  greater  than  the  capacity  of  the  entire  vascular  system.  Hence  it 
follows  that  the  mass  of  blood  must  exert  pressure  on  the  walls  of  the  entire 
system,  thus  causing  a  corresponding  dilatation  of  the  elastic  vascular  walls 
(Brunner).  This  occurs  only  during  life;  after  death  the  muscles  of  the  vessels 
relax,  and  fluid  passes  into  the  tissues,  so  that  the  blood-vessels  come  to  contain 
less  fluid,  and  some  of  them  may  be  empty. 
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If  the  blood  were  uniformly  distributed  throughout  the  A'ascular  system  and  under 
the  same  pressure,  it  would  remain  in  a  position  of  equilibrium  (as  after  death). 
If,  however,  the  pressure  be  raised  in  one  section  of  the  tube,  the  blood  will  move 
from  the  part  where  the  pressure  is  higher  to  where  it  is  lower ;  so  that  the  blood- 
current  is  a  result  of  the  difference  of  pressure  within  the  vascular  system.  If 
either  the  aorta  or  the  venaj  cavge  be  suddenly  ligatured  in  a  living  animal,  the 
blood  continues  to  flow,  but  gradually  more  slowlj-,  until  the  difference  of  pressure 
is  equalised  throughout  the  entire  vascular  system. 

The  velocity  of  the  current  will  be  greater  the  greater  the  difference  of  pressure, 
and  the  less  the  resistance  opposed  to  the  blood-stream.  ' 

The  difference  of  pressure  which  causes  the  current  is  produced  by  the 
heart.  Both  in  the  systemic  and  pulmonary  circulation  the  point  of  greatest 
pressure  is  in  the  root  or  beginning  of  the  arterial  system,  while  the  point  of  lowest 
pressure  is  in  the  terminal  portion  of  the  venous  orifices  at  the  heart.  Hence  the 
blood  flows  continually  from  the  arteries  through  the  capillaries  into  the  venous 
trunks.  The  heart  keeps  up  the  difference  of  pressure  required  to  produce  this 
result ;  with  each  systole  of  the  ventricles  a  certain  quantity  of  blood  is  forced  into 
the  beginning  of  the  arteries,  while  at  the  same  time  an  equal  amount  flows  from 
the  venous  orifices  into  the  auricles  during  their  diastole  {E.  H.  Weber). 

Bonders  showed  that  the  action  of  the  heart  not  only  causes  the  difference  of 
pressure  necessary  to  establish  a  blood-current,  but  also  raises  the  mean  pressure 
within  the  vascular  system.  The  terminations  of  the  veins  at  the  heart  are  wider 
and  more  extensible  than  the  arteries  where  they  arise  from  the  heart  (fig.  133), 
As  the  heart  propels  a  volume  of  blood  into  the'  arteries  equal  to  that  which  it 
receives  from  the  veins,  it  follows  that  the  arterial  pressure  must  rise  more  rapidly 
than  the  venous  pressure  diminishes,  since  the  arteries  are  not  so  wide  nor  so  ex- 
tensible as  the  veins.    Thus  the  total  pressure  must  also  increase. 

Cause  of  Continuous  Flow.— The  volume  of  blood  expelled  from  the  ventricles 
at  every  systole  would  give  rise  to  ^jerTcy  or  intermittent  movement  of  the  blood- 
stream—(1)  if  the  tubes  had  rigid  walls,  as  in  such  tubes  any  pressure  exerted  upon 
their  contents  is  propagated  momentarily  throughout  the  length  of  the  tube,  and 
the  motion  of  the  fluid  ceases  when  the  propelling  force  ceases  ;  (2)  the  flow  would 
also  be  intermittent  in  character  in  elastic  tubes  if  the  time  between  two  successive 
systoles  were  longer  than  the  duration  of  the  current  necessary  for  the  compensa- 
tion of  the  difference  of  pressure  caused  by  the  systole.    If  the  time  between  two 
successive  systoles  be  shorter  than  the  time  necessary  to  equilibrate  the  pressure 
the  current  will  become  continuous,  provided  the  resistance  at  the  periphery  of  the 
tube  be  sufficiently  great  to  bring  the  elasticity  of  the  tube  into  action.    The  more 
rapidly  systole  follows  systole,  the  greater  the  difference  of  pressure  becomes,  and 
the  more  distended  the  elastic  walls.    Although  the  current  thus  produced  is  con- 
tinuous, a  sudden  rise  of  pressure  is  caused  by  the  forcing  in  of  a  mass  of  blood  at 
every  systole,  so  that  with  every  systole  there  is  a  sudden  jerk  and  acceleration  of 
the  blood-stream  corresponding, to  the  pulse  (compare  5;  64)  ' 
This  sudden  jerk-like  acceleration  of  the  blood-curi-ent  is  propagated  throughout 
the  arterial  system  with  the  velocity  of  the  pulse-wave  :  both  phenonema  are  due 
to  the  same  fundamental  cause.    Every  pulse-beat  causes  a  temporary  rapid  pro- 
gressive acceleration  of  the  particles  of  the  fluid.    But  just  as  the  form-movenfent 
ot  the  pulse  IS  not  a  simple  movement,  neither  is  the  pulsatile  acceleration  a  simple 
acceleration.    It  follows  the  course  of  the  development  of  the  pulse-wave.  The 
pulse-curve  IS  the  graphic  representation  of  the  pulsatory  acceleration  of  the  blood- 
stream    Every  rise  in  the  curve  corresponds  to  an  acceleration,  every  depression 
to  a  retardation  of  the  current.  >       ^  1. 

syE^°c?a  SeS^oH^  Tubes. -Tliese  facts  are  easily  demonstrated.    Tie  a  Higginson's 

synnge  to  a  piece  of  u„  ordinary  gas-pipe.    On  forcing  water  througli  the  tnbe,  by  conipressing 
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the  elastic  imnip  the  water  will  ilow  out  at  the  other  end  of  the  tube  in  jets,  while  during  the 
torvals  oi*  pulsation  no  water  will  ilow  out.  As  the  walls  of  the  tube  are  i  ^id,  just  as  much 
ml  lows  out  as  is  oreed  into  the  tube.  If  a  similar  arrangement  be  made,  and  1  long  elastt 
Slil  "sejl  a  continuous  outflow  IS  obtained,  provided  the  pulsations  occur  with  sufficient 
lapidity  and  the  length  (.1  the  tube  or  the  resistance  at  its  periphery,  be  sufficient  to  bring  the 
elast.citv  o  the  tube  m  o  action.  Tins  can  be  done  by  putting  a  narrow  cannula  in  the  outflow 
end  of  the  tube  or  by  placing  a  clamp  on  it  so  as  to  diminish  the  e.xit  aperture.  This  apijaratus 
converts  the  mtcrinittcnt  ilow  into  a  continuous  current.]  The  lire-engine  is  a  good  exami.le 
ol  the  conversion  ot  an  intermittent  inflow  into  a  uniform  outflow.  The  air  in  the  reservoir  is 
in  a  state  oi  elastic  tension,  and  it  represents  the  elasticity  of  the  vascular  walls.  When  the 
pump  IS  worked  slowly,  the  outflow  of  the  water  occurs  in  jets,  and  is  interrupted  If  the 
pumping  movement  be  sufficiently  rapid,  the  compressed  air  in  the  reservoir  causes' a  continuous 
outflow,  which  IS  distinctly  accelerated  at  every  movement  of  the  pump.  [The  ordinary  snrav- 
producer  IS  another  go6d  example.]  j   l  j 

[Thus,  there  are  two  factors— a  central  one,  the  heart,— and  a  peripheral  one, 
the  amount  of  resistance  in  the  arterioles.  Either  or  both  may  be  varied,  and  a.s 
this  is  done,  so  will  the  pressure  and  velocity  vary.] 

Current  in  the  Capillaries.— In  the  capillaries  the  pulsatile  acceleration  of  the 
current  ceases  with  the  extinction  of  the  pulse-wave.  The  great  resistance  which  is 
offered  to  the  current  towards  the  capillary  area  causes  both  to  disappear.  It  is 
only  when  the  capillaries  are  greatly  dilated,  and  when  the  arterial  blood-pressure 
is  high,  that  the  pulse  is  propagated  through  the  capillaries  into  the  beginning  of 
the  veins.  A  venous  pulse  is  observed  in  the  veins  of  the  sub-maxillary  gland 
after  stimulation  of  the  chorda  tympani  nerve,  which  contains  the  vaso-dilator 
nerves  for  the  blood-vessels  of  this  gland.  If  the  finger  be  constricted  with  an 
elastic  band,  so  as  to  hinder  the  return  of  the  venous  blood,  and  to  increase  the 
arterial  blood-pressure,  while  at  the  same  time  dilating  the  caiiillaries,  an  inter- 
mittent increased  redness  occurs,  which  corresponds  with  the  well-known  throbbing 
sensation  in  the  swollen  finger.  This  is  due  to  the  capiUary  pulse.  [Roy  and 
Graham  Brown  found  that  pulsatile  phenomena  were  produced  in  the  capillaries  by 
increasing  the  extra-vascular  pressure  (§  86).  Quincke  called  attention  to  the 
capillary  pulse,  which  can  often  be  seen  under  the  finger-nails.  Extend  the  fingers 
completely,  when  a  whitish  area  appears  under  the  nails.  A  red  area  near  the  free 
margin  of  the  nail  advances  and  retires  with  each  pulse-beat.  It  is  well  marked  in 
some  diseased  conditions  of  the  .heart,  especially  in  incompetence  of  the  aortic 
valves,  and  is  probably  produced  by  increased  extra-vascular  pressure.] 

82.  SCHEMATA  OF  THE  CIRCULATION.— E.  H.  Weber  constructed  a  scheme  of  the  cir- 
culation. It  consisted  of  a  force-pump  with  properly  arranged  valves  to  represent  the  heart, 
portions  of  gut  for  the  arteries  and  veins,  and  a  piece  of  glass  tubing  containing  a  piece  of 
sponge  to  represent  the  capillaries.  Various  schemes  have  been  invented,  including  the  xery 
complicated  one  of  Marey,  [the  extremely  ingenious  one  of  v.  Thanhoffer,  and  the  thoroughly 
practical  one  of  Rutherford]. 

83.  CAPACITY  OF  THE  VENTRICLES.— Since  the  right  and  left  ventricles 
contract  simultaneously,  and  just  the  same  volume  of  blood  passes  through  the 
pulmonary  as  through  the  systemic  circulation,  it  follows  that  the  right  ventricle 
must  be  just  as  capacious  as  the  left.  .  The  capacity  of  the  ventricles  has  been  esti- 
mated in  the  following  ways  : — 

Methods. — (1)  Directly,  by  lillingthe  dead  relaxed  ventricle  with  blood  or  an  injection  mass. 
This  method  is  unsatisfactory  and  inaccurate. 

(2)  Indirectly.  Volkmann  (1850)  estimated  it  thus  :— Estimate  the  sectional  area  of  the  aorta, 
and  the  velocity  of  the  blood-stream  in  it  (§1).  From  this  calculate  the  amount  of  blood  passing 
through  the  aorta  in  the  unit  of  time.  As  the  total  quantity  of  blood  in  the  body  is  known 
(.=^if  of  the  body-weight),  we  can  easily  calculate  how  long  this  takes  to  flow  through  the  aorta. 
We  must  also  know  the  number  of  beats  during  the  time  of  the  circulation.  From  these  data, 
and  from  experiments  on  animals,  "Volkmann  estimated  the  volume  of  blood  discharged  at  each 
.systole  by  the  ventricle  to  be  of  the  body-weight.  For  n  man  weighing  "5  kilos,  this  is 
187 '5  grams.    This  estimate  still  leaves  much  to  be  desired. 

Place  calculates  it  in  the  following  manner  : — A  man  uses  about  TiOO  litres  of  0  in  24  hours. 
To  absorb  this  into  the  venous  blood  (which  contains  about  7  vols  per  cent,  le.ss  0  than  arterial), 


ESTIMATION  OF  THE  BLOOD-PRESSUKE. 


119 


about  7000  litres  of  blood  must  pass  throiigli  tlie  lungs  in  24  hours.  It'  one  calculates  100,000 
heart-beats  in  24  liours,  then  at  each  systole  only  70  eubic  centimetres  are  discharged. 


Fig.  100. 

I.  Scheme  of  C.  Ludwig's  kymograph.    II.  Fick'.s  spriBg-kymogiaph. 

84-  ESTIMATION  OF  THE  BLOOD-PKESSUKE.-(A)  In  Animals  .  (1)  Methods  of  Hales 

—  The  Rev.  Stephen  Hales  (1727)  was 
the  first  to  introduce  a  long  glass  tube 
into  a  blood-vessel  in  order  to  estimate 
the  blood-pressure  by  measuring  the 
height  of  the  column  of  blood. 

The  tube  was  provided  at  its  lower 
end  with  a  copper  tube  bent  at  a  rio-ht 
angle  (Pilot's  tube).    [The  tube  he  used 
was  one-sixth  of  an  inch  bore  and  about 
9  feet  long,  and  was  inserted  into  the 
femoral  artery  of  a  horse.    The  height 
to  which  the  blood  rose  in  the  tube 
was  noted,  as  well  as  the  oscillations 
that  occurred  with  every  pulsation. 
From  the  height  of  the  column  of  fluid 
he  calculated  the  force  of  the  heart.] 

(2)  The  HsBmadynamometer  of  Poi- 
seuille  (1828).— This  observer  used  a 
U-shaped  tube  partially  filled  with 
mercury— a  manometer— which  was 
brought  into  connection  with  a  blood- 
vessel by  means  of  a  rigid  tube.  [The 
mercury  oscillated  with  every  pulsa- 
tion, and  the  extent  of  the  oscillations 
was  read  off"  by  means  of  a  scale  attached 
to  the  bent  tube.   He  called  the  instru- 

" [S^wS'STSbJ  5  or  6  feet^S'  'T'^^f  -vof^hig  ;;iinder,  H,  moved  by  the 
long,  and  filled  it  with  a  solution  of  '^""^'"^^'^  ^^'^  b"^"  ^  -""^-^-i  " 
sodium  carbonate,  thus  preventing 
much  blood  from  entering  the  tube, 
while  at  the  same  time  the  soda  solu- 
tion prevented  the  coagulation  of  the 
blood.] 

(4)  C.  Ludwig's  Kymograph. 

— C.  Lud wig  employed  a  U-shaped  ,  -   ..uu^ux  paper. 

manometer,  but  he  placed  a  light  float  (fig.  100,  J,  .s-)  upon  the  surface  of  the  mer- 


........  o        u.oLL  itvoivlug  cylinder,  n,  moved  by  the 

clock-work  m  the  box  A,  and  regulated  by  a  Foucanlfs 
regulator  placed  on  tlie  top  of  the  box.  The  disc  D 
moved  by  the  clock-work,  presses  upon  the  wheel'  71, 
which  can  be  raised  or  lowered  by  the  screw,  L,  tlius 
altering  the  position  of  >i  on  D,  so  as  to  cause  the  cylin- 
Uer  to  rotate  at  different  rates.  The  cylinder  it.self  can 
be  raised  by  the  handle,  U.  On  the  left  side  of  tlie 
figure  IS  a  mercurial  manometer.  When  the  cylinder 
IS  used,  It  IS  covered  with  smoked  smooth  paper. 
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cury  in  the  open  limb  of  the  tube.  A  writing-style,./",  placed  transversely  on  the  free 
end  of  the  float,  inscribed  the  movements  of  the  float — and,  therefore,  of  the  mercury 
— upon  a  cylinder,  c,  caused  to  revolve  at  a  uniform  rate.  This  apparatus  refiistered 
the  height  of  the  blood-pressure,  as  well  as  the  pulsatile  and  other  oscillations 
occurring  in  the  mercury.  Volkmann  called  this  instrument  a  kymograph  or 
"  wave- writer."  The  difference  of  the  height  of  the  column  of  mercury,  c,  d,  in. 
both  limbs  of  the  tube  indicates  the  pressure  within  the  vessel  If  the  height  of 
the  column  of  mercury  be  multiplied  by  13-5,  this  gives  the  height  of  the  corre- 
sponding column  of  blood.  Setschenow  placed  a  stop-cock  in  the  lower  bend,  //, 
of  the  tube.  If  this  be  closed  so  as  just  to  permit  a  small  aperture  of  communica- 
tion to  remain,  the  pulsatile  vibrations  no  longer  appear,  and  the  apparatus  indicates 
the  mean  2:>ressure.  By  the  term  meaii  pressu7-e  is  meant  the  limit  of  pressure,  above 
and  below  which  the  oscillations  occurring  in  an  ordinary  blood-pressure-tracing 
range.    [Briefly,  it  is  the  average  elevation  of  the  mercurial  column.] 

In  a  blood-pressure-tracing,  such  as  fig.  102,  each  of  the  smaller  waves  corresponds  to  a 
heart-beat,  the  ascent  corresponds  to  the  systole  and  tlie  descent  to  the  diastole.    The  large 


rig.  102. 

Blood-pressure  curve  of  the  carotid  of  a  dog  obtained  with  a  mercurial  uianonietev.  0  -  .■(  =line 
of  no  pressure,  zero  line,  or  abscissa  ;  y-y'  is  the  blood-pressure-tracing  with  small  waves, 
each  one  caused  by  a  heart-beat,  and  the  large  waves  due  to  the  respiration.  A  millimetre 
scale  shows  the  height  of  the  pressure  in  millimetres  of  mercury. 

undulations  are  due  to  the  respiratoi-y  movements.  It  is  clear  that  the  heart-beat  is  expressed 
as  a  simple  rise  and  fall  (fig.  102),  so  tliat  the  curve  of  the  heart-beat  obtained  with  a  mercurial 
kymograph  diflers  from  a  sphygmographic  curve. 

FaiSts  of  a  Mercurial  Manometer.— A  perfect  recording  instrument  ought  to  indicate  thi- 
height  of  the  blood-pressure,  and  also  tlie  size,  form,  and  duration  of  any  wave-motion  com- 
municated to  it.  The  mercurial  manometer  does  not  give  the  true  form  of  the  pulse-wave,  as 
the  mercury,  when  once  set  iu  motion,  executes  vibrations  of  its  own,  owing  to  its  great  inertia, 
and  thus  the  finer  movements  of  the  puls(!-wave  are  lost.  Hence  a  mercurial  kymograph  is  used 
for  registering  the  blood-pressure,  and  not  for  obtaining  the  exact  form  of  the  pulse-wave. 
Instru'mcnts  with  less  inertia,  and  with  no  vibrations  peculiar  to  themselves,  are  required  for  this 

^"[Method. ---Expose  the  carotid  of  a  chloralised  rabbit,  and  isolate  a  portion  of  the  vessel 
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between  two  ligatures,  or  two  spring  clamps.  With  a  pair  of  scissors  make  an  oblique  slit  in 
the  artery,  and  into  it  tie  a  straight  glass  cannula,  directing  the  pointed  end  of  the  cannula 
towards  the  heart.  Fill  the  cannula  with  a  saturated  solution  of  sodium  carbonate,  taking  care 
that  no  air-bubbles  enter,  and  connect  it  with  the  lead  tube  which  goes  to  the  ascending  limb 
of  the  manometer.  The  tube  which  connects  the  artery  with  the  manometer  must  be  ilexible 
and  yet  inelastic,  and  a  lead  tube  is  best.  It  is  usual  to  connect  a  pressure-bottle,  containing 
a  satui'ated  solution  of  sodium  carbonate,  by  means  of  an  elastic  tube,  with  the  tube  attached  to 
the  manometer.  This  bottle  can  be  raised  or  lowered.  Before  beginning  the  experiment,  raise 
the  pressure-bottle  until  there  is  a  positive  pressure  of  mercury  in  the  manometer  about  equal  to 
the  estimated  blood-pressure,  and  then  clamp  the  tube  of  the  pressure-bottle  where  it  joins  the 
lead  tube.  This  positive  pressure  prevents  the  escape  of  blood  from  the  artery  into  the  solution 
of  sodium  carbonate.  When  all  is  ready,  the  ligature  on  the  cardiac  side  of  the  cannula  is 
removed,  and  immediately  the  float  begins  to  oscillate  and  inscribe  its  movements  upon  the 
recording  surface.  The  fluid  within  the  artery  exerts  pressure  latterly  upon  the  sodium 
carbonate  solution,  and  this  in  turn  transmits  it  to  the  mercury.  Peptones,  or  rather  the 
albumoses,  when  injected  into  the  blood  keep  it  from  coagulating  (p.  32).  Roy  finds  that  oil  may 
take  the  place  of  sodic  carbonate.] 

[Precautions.— In  taking  a  blood-pressure  ti'acing,  after  seeing  that  the  apparatus  is  perfect, 
care  must  be  taken  that  the  animal  is  perfectly  quiescent,  as  every  movement  causes  a  rise  of 
blood-pressure.  This  may  be  secured  by  giving  curara  and  keeping  up  artificial  respiration, 
or  by  the  carefully  regulated  inhalation  of  ether.  When  a  drug  is  to  be  injected  to  test  its 
action,  if  it  be  introduced  into  the  jugular  vein  it  is  apt  to  afi'ect  the  heart  directly.  This  may 
be  avoided  by  injecting  it  into  a  vein  of  the  leg,  or  under  the  skin.  The  solution  of  the  drug 
must  not  contain  particles  which  will  block  up  the  capillaries.  Care  should  also  be  taken  that 
the  carbonate  of  soda  does  not  flow  back  into  the  artery.] 

[Continuous  Tracing.— When  we  have  occasion  to  take  a  tracing  for  any  length  of  time,  it 
must  be  written  upon  a  strip  of  paper  which  is  moved  at  a  uniform  rate  in  front  of  the  writing- 
style  on  the  float  (fig.  100).  Various  arrangements  are  employed  for  this  purpose,  but  it  is 
usual  to  cause  a  cylinder  to  revolve,  so  as  to  unfold  a  roll  or  riband  of  paper  placed  on  a 
movable  bobbin.  As  the  cylinder  revolves,  it  gradually  winds  off  the  strip  of  paper,  which  is 
kept  applied  to  the  revolving  surface  by  ivory  friction-wheels.  In  Bering's  complicated  kymo- 
graph a  long  strip  of  smoked  paper  is  used.  The  writing-style  may  consist  of  a  sable  brush,  or 
a  fine  glass  pen  filled  with  aniline  blue  dissolved  in  water,  to  which  a  little  alcohol  and 
glycerine  are  added.] 

[In  order  to  measure  the  height  of  the  pressure,  we  must  know  the  position  of  the  abscissa 
or  line  of  no  pressure,  and  it  may  be  recorded  at  the  same  time  as  the  blood-pressure,  or  after- 
wards. In  fig.  102  0-xia  the  zero-line  or  the  abscissa,  and  the  height  of  the  vertical  lines  or 
ordinates  may  be  measured  by  the  millimetre  scale  on  the  left  of  the  figure.  The  hei-^ht  of  the 
blood-pressure  is  obtained  by  drawing  ordinates  from  the  curve  to  the  abscissa,  measuring  their 
length,  and  multiplying  by  two.]  ° 

(5)  Spring-Kymograph.— A.  Pick  (1864)  uses  a  "  hollow  spring-kymograpli " 
on  the  principle  of  Bourdon's  manometer  (fig.  100,  II). 

A  hollow  C-shaped  metallic  spring,  F,  is  filled  with  alcohol.  One  end  of  the  hollow  sprin- 
IS  closed,  and  the  other  end  covered  by  a  membrane,  is  brought  into  connection  with  a  blood^ 
vessel  by  a  junction-piece  filled  with  a  solution  of  sodium  carbonate.    As  soon  as  the  com- 

r.'ILwn'!- JJf    T  %f  P^'^'"^'^         '^"^        spring,  of  course,  tends  to 

straighten  itself  To  the  closed  end,  h,  there  is  fixed  a  vertical  rod  attached  to  a  series  of  levers, 
II  -I  k,  c,  one  of  which  wites  its  movements  upon  a  surface  moving  at  a  uniform  rate.  The 

S  3;Pn?''>if       1*^'  variations  of  the  pulse  are  both  recorded,  although  the  latter  is 

not  done  with  absolute  accuracy.  " 

^■'^^^'■""lent  (fig.  103).    «,  h,  c,  is  the  hollow  spring  filled  with 

To  ct  X^hT^^^'-'^'Tr  P^««i°g  t°        ^=^"""1'-^  ^1  the  artery, 

io  c  IS  attached  a  series  of  light  wooden  levers  with  a  writing-style,  s.    The  lower  part  ot' 4 

£s     AtTif'.''  ^^^'^  ^''^  ''^  ^''^'^  to  da^p  the  viSon^'of  the 

carbonate    a{d   ,LrrfnT  ^^itb  the  tube,  d,  filled  with  solution  of  sodic 

^.1  .1  regulating  the  amount  of  fluid  in   the   tube   connecting  the 

?od  T  bv  lne^ns  of  t"."'^''''','!? •  7'''  ^^-"^^  ^PP^''^*"''^  '^"^  '^'^  '^^^"^  l^^^'ed  on  the  oothed 
attach^l  1^  '''''^  °J'P°''*''  ^'  *°  ^^■^"'=1'       tl^*^  P«^ts  of  the  apparatus  arc 

fs  ST  caoi^t^ v  ^  "'"'•?i  °^  the  cannula,  c,  and  over  its  vertical  expanded  end,  A, 
sp  iri  F  Toined  ?o  a  wJfr '^T'  P''«J«°ting  point,     which  presses  against  a  horizonta 

Sic  fmn  e  i  P  r  J  n?f  T''  ^'  ^/  ^"  ."^termediate  piece,  b.    The  whole  is  held  in  the 
rc^eTJr^^^  mL^uSrmanJSer'^  '''''''''  ''''''''''  ''''  ^"^^''^^'^"^ 
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(B)  In  man  the  blood-pressure  may  be  estimated  by  means  of — (1)  a  properly 
graduated  sphygmograph     67).    The  pressure  required  to  abolish  the  movement 

of  the  lever  indicates  approxi- 
mately  the  vascular  tension.  The 
mean  blood-pressure  in  the  radial 
artery  is  equal  to  550  grams. 

{■2)  Sphygmomanometer  of 
V.  Basch. — A  cap.sule  containing 
Huid  was  placed  upon  a  pulsating 
artery,  while  the  capsule  itself 
communicated  with  a  mercurial 
manometer.    As  soon  as  the  pres- 
sure within  the  manometer  «^x^/t^/y 
exceeded  that  within  the  artery, 
the  artery  was  compressed  so  that 
a  sphygmograph   placed  on  a 
peripheral  portion  of  the  vessel 
ceased  to  beat.     Both  arrange- 
ments do  not   give  the  exact 
pressure  within  the  artery ;  they 
only  indicate  the  pressure  which 
is    required   to    compress  the 
artery  and   the   overlying  soft 
parts.    The  pressure  required  to 
compress  the  arterial  walls,  how- 
It  is  only  4  mm.  Hg. 


In  the 


Fig.  103. 

Kick's  spring-manometer,  as  improved  by  Heriug, 

ever,  is  very  small  compared  with  the  blood-pressure. 
V.  Basch  estimated  the  pressure  in  the  radial  artery  of  a  healthy  man  to  be  l3o 
to  165  millimetres  of  mercury. 

Variations.— In  children  the  blood-pressiive  increases  with  age,  height,  and  weight, 
superficial  temporal  artery,  at  2  to  3 
years,  it  is  =  97  mm.  ;  12  to  13  years, 
113  ram.  Hg.  {A.  Sckert,  c.  §  100). 
The  blood-pressnve  is  raised  imme- 
diately after  bodily  movements  ;  it  is 
higher  when  a  person  is  in  th.e  hori- 
zontal position  than  when  sitting,  and 
in  sitting  than  in  standing.     After  a 


Fig.  104. 
Tick's  flat  spring-kymograph. 

a  warm  bath,  the  first  effect  is  an  increase  of  blood-pressure  and  of  the 


The  following  results  have 


cold  as  well  as  after 
quantity  of  urine. 

85.  BLOOD-PEESSURE  IN  THE  ARTERIES. 

been  obtained  by  experiment  on  systemic  arteries : — 

(a)  Mean  Blood-Pressure.— The  blood-pressure  is  very  considerable,  varying 
within  pretty  wide  limits  ;  in  the  large  arteries  of  large  mammals,  and  perhaps  m 
man,  it  =  UO  to  160  millimetres  [5-4  to  6-4  inches]  of  a  mercurial  column. 

The  following  results  have  been  obtained,  those  marked  thus  *  by  I'oiseuille,  and  those  +  by 
Volkmann  : — 

+  Carotid,  Fowl,  88  to  1/1  mm. 
+  Aorta  of  Fro^,  22  to  29  mm. 
+  Gill  artery  ot  Pike,  35  to  84  mm. 

Hiaohial  artery  of  JIan  during  an  opera- 
tion, 110  to  120  mm.  (Fairrc).  Per- 
haps too  low  owing  to  tlie  injury. 


Carotid,  Horse,  161  mm. 

,,     122  to  214  mm. 
,,      Dog,  l.'il  mm. 

,,    130  to  190  mm. 
Goat,  118  to  135  mm. 
'      Rabbit,  90  mm. 


BKANCHING  OF  THE  BLOOD-VESSELS. 
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E.  Albert  estimated  the  blood-prcssuve  by  means  of  a  manometer,  placed  in  connection  with 
the  anterior  tibial  artery  of  a  boy  whose  leg  was  to  bo  amputated,  to  be  100  to  160  mm.  H^. 
The  elevation  with  each  pulse-beat  was  1 7  to  20  mm.  ;  coughing  raised  it  to  20  or  30  mm.  ; 
tight  bandaging  of  the  healthy  leg,  15  mm.  ;  while  passive  elevation  of  the  body,  whereby  the 
hydrostatic  action  of  the  column  of  blood  was  brouglit  into  play,  raised  it  40  mm. 

The  pressure  in  the  aorta  of  mammals  varies  from  200  to  250  mm.  Hg.  As  a  general  rule, 
the  blood-pressure  in  large  animals  is  higher  than  in  small  animals,  because  in  the  former  the 
blood-channel  is  considerably  longer,  and  there  is  greater  resistance  to  be  overcome.  In  very 
young  and  in  very  old  animals  the  pressure  is  lower  than  in  individuals  in  the  prime  of  life. 

The  arterial  pressure  in  the  foetviB  is  scarcely  half  that  of  the  newly-born,  while  the  venous 
pressure  is  higher,  the  difference  of  pressure  between  arterial  and  venous  blood  being  scarcely- 
half  so  great  as  in  adult  animals  {Cohnstcin  and  Zuntz). 

The  arterial  blood-pressure  is  highest  in  the  aorta,  and  falls  towards  the 
smaller  vessels,  but  the  fall  is  very  gradual,  as  shown  in  fig.  105.  A  great  fall 
takes  place  on  passing  fi'om  the  area  ^  p 
of  the  arterioles  into  the  capillary  ' 
area  (C),  while  it  is  less  in  the  ven- 
ous area,  and  negative  near  the  heart, 
as  indicated  in  the  dotted  line  pass- 
ing below  the  abscissa,  so  that  the 

pressure  is  lowest  in  the  cardiac   

-ends  of  the  vense  cavae  (compare  fig.     h  a  c  v  '---Ih 

''■    T,        ,  .  Fig.  105. 

(6)  Branching  of  the  Blood-  scheme  of  the  blood-pressure,  in  A,  the  arteries  ;  C, 
Vessels.— Within  the  large  arteries  capillaries,  and  V,  veins ;  0-0,  is  the  abscissa  or 
the  blood-pressure  diminishes  rela-  line  of  no  pressure  ;  L.V.,  left  ventricle,  and  K.  A., 
lively  little  as  we  pass  towards  the  "S^*  ^m-iAs  ;  B.P.,  the  height  of  the  blood- 
periphery,  because  the  difference  of  l'^^^^"^*^- 

the  resistance  in  the  different  sections  of  large  tubes  is  very  small.  As  soon,  how- 
■ever,  as  the  arteries  begin  to  divide  frequently,  and  undergo  a  considerable  diminu- 
tion in  their  lumen,  the  blood-pressure  in  them  rapidly  diminishes,  because  the  pro- 
pelling energy  of  the  blood  is  much  weakened,  owing  to  the  resistance  which  it  has 
to  overcome  (§  99). 

(c)  Amount  of  Blood. — The  blood-pressure  is  increased  with  greater  filling  of  the 
arteries,  and  vice  versa;  hence  it 

.  Increases.  I  Decreases. 

1.  W  ith  increased  and  accelerated  action  of   ,    1.  Dming  diminished  and  enfeebled  action 

the  heart ;  of  the  heart  • 

2.  In  plethoric  persons ;  I    2.  In  anajmic  persons ; 

3.  After  considerable  increase  of  the  quantity       3.  After  hfemorrhage  or  considerable  excre- 

ot  blood  by  direct  transfusion,  or  after  tions  from  the  blood  by  sweating,  the 

a  copious  meal.  |  urfne,  severe  diarrhcea. 

The  blood-pressure  does  not  vary  in  the  same  proportion  as  the  variations  in  the  amount  of 
blood.  Ihe  vascular  system,  in  virtue  of  its  muscular  tissue,  has  the  property,  within  liberally 
mde  limits  of  accommodating  itself  to  larger  or  smaUer  quantities  of  blood  (C.  Ztcdwuj  and 
m,rm  Mullcr,  §  102  d).  [In  fact,  a  large  amount  of  blood  may  be  transfused  without  materi- 
ally raising  the  blood-pressure.]  Small  and  moderate  hemorrhages  (in  the  dog  to  2-8  per  cent 
of  the  body-weight)  have  no  obvious  effect  on  the  blood-pressure.    After  a  slfght  loss  of  blood 

r'r?irf  n'  Tl  ^  ^^^f  ^         ^"^"^'it  of  blood  be  withdrawn,  it  causes 

a  great  tall  ot  the  blood-pressure,  and  when  hemorrhage  occurs  to  4-6  per  cent,  of  the  bodv- 

^he  mekn  n'rti  °°l  ;?''''f ^  t''^nsf»sion  of  a  moderate  amount  of  blood  does  not  raise 

men^^  vl  .1  .  ^/"o^^-f ''?u^-  7^^''^  ^''^  important  practical  deductions  from  these  experi- 
Zn\^:.        a.  ,  T^^  blood-pressure  cannot  be  diminished  directly  by  moderate  blood- 

letting, and  that  the  blood-pressure  is  not  necessarily  high  in  plethoric  persons.] 

{d)  Capacity  of  the  Vessels.— The  arterial  pressure  rises  when  the  capacity  of 
the  ar  erial  system  IS  diminished,  and  conversely.  The  circularly-disposed  smooth 
muscular  fibres  of  the  arteries  are  the  chief  agents  concerned  in  this  process.  When 
they  relax,  the  arterial  blood-pressure  falls,  and  when  they  contract,  it  rises.  These 
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actions  of  niiusculai-  fibres  arc  controlled  and  regulated  by  the  action  of  the  vaso- 
motor nerves  (><  :171 ). 

{c)  Collateral  Vessels. — The  arterial  pressure  within  a  r/iven  area  of  the  vascular 
•system  must  rise  or  fall  according  as  the  neighbouring  areas  are  diminished,  whether 
by  the  application  of  pressure,  or  a  ligature,  or  are  rendered  impervious,  or  as  these 
areas  dilate.  The  application  of  cold  or  warmth  to  limited  areas  of  the  body — in- 
creasing or  diminishing  the  atmospheric  pressure  on  a  part — the  paralysis  or  stimu- 
lation of  certain  vaso-motor  areas  371),  all  produce  remarkable  variations  in  the 
blood-pressure.  [The  efiect  of  dilatation  of  a  large  vascular  area  on  the  arterial 
pressure  is  well  shown  by  what  happens  w^hen  the  blood-vessels  of  the  abdomen  are 
dilated.  Divide  both  vagi  in  the  neck  of  a  rabbit  and  stimulate  the  central  end  of 
the  superior  cardiac  or  depressor  nerve ;  after  a  few  seconds,  the  blood-vessels  of 
the  abdomen  dilate,  and  gradually  there  is  a  steady  fall  of  the  blood-pressure  in  the 
systemic  arteries.  Fig.  106  is  a  blood-pressure  tracing  showing  the  height  of  the 
blood-pressure  before  stimulation,  a.  The  stimulation  was  continued  from  a  to  h, 
and  after  a  certain  lateiif  period  there  is  a  steady  fall  of  the  blood-pressure.] 

(/)  Respiratory  Undulations. — The  arterial  pressure  also  undergoes  regular 
variations  or  undulations  owing  to  the  respiratory  movements.    These  undulations 


Fig.  106. 

Kymographic  traciug  showing  the  effect  on  the  blood-pressure  of  stimulation  of  the  central  end 
of  the  depressor  nerve  in  the  rabbit  after  section  of  both  vagi  in  the  neck.  Stimulation 
began  at  a  and  ended  at  b  ;  o-x,  the  abscissa. 


are  called  res-piratory  imdulations  (figs.  102  and  107.)  Stated  broadly,  during 
every  strong  inspiration  the  blood-pressure  rises,  and  during  expiration  it  falls 
(§  74).  This  is  not  quite  correct.  These  undulations  may  be  explained  by  the 
fact  that,  wdth  every  expiration,  the  blood  in  the  aorta  is  subjected  to  an  increase 
of  pressure  through  the  compressed  air  in  the  chest ;  with  every  inspiration,  on  the 
other  hand,  it  is  diminished  owing  to  the  rarefaction  of  the  air  in  the  lungs  acting 
upon  the  aorta.  Besides,  the  inspiratory  movements  of  the  chest  aspirate  blood 
from  the  venae  cavse  towards  the  heart,  while  expiration  retards  it.  and  thus 
influences  the  blood-pressure.  The  undulations  are  most  marked  in  the  arteries 
lying  nearest  to  the  heart.  The  respiratory  undulations  are  due  in  part  to  a 
stimulation  or  condition  of  excitement  of  the  vaso-motor  centre,  which  runs  parallel 
with  the  respiratory  movements.    This  stimulation  of  the  vaso-motor  centre  causes 
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the  arteries  to  contract,  and  thus  the  blood-pressure  is  raised.  The  variations  in 
the  pressure  which  depend  upon  a  varying  activity  of  the  vaso-inotor  centre  are 
known  as  the  "curves  of  Traube  and  Hering. "  Fig.  107  .shows  the  carotid  blood- 
pressure  tracing  of  a  dog.  In  this  curve,  when  inspiration  begins  (I)  the  blood- 
pressure  is  still  falling  slightly,  but  gradually  rises  until  it  reaches  its  maximum 
shortly  after  the  beginning  of  expiration  (E).  [The  maxima  and  minima  of  the 
respiratory  and  blood-pressure  curves  do  not  coincide  exactly,  but  in  addition  the 
itumber  of  pulse-beats  is  greater  in  the  ascent  than  in  the  descent.  This  is  well 
marked  in  a  blood-pressure  tracing  from  a  dog's  carotid  (fig.  107),  while  in  a  I'abbit 
this  difference  of  the  pulse-rate  is  but  slightly  marked  (fig.  106).  The  smaller 
number  of  pulse-beats  during  the  descent,  i.e.,  during  the  greater  part  of  expiration 


E 

1 

E 

\ 

^1 

\ 

Fig.  107. 

Carotid  blood-pressure  tracing  of  dog  ;  vagi  not  divided  ;  I  =  inspiration,  E  =  expiration. 

{Stirling) . 

—is  due  to  the  activity  of  the  cardio-inhibitory  centre  in  the  medulla  oblongata. 
This  is  proved  by  the  fact  that  section  of  both  vagi  in  the  dog  causes  the  difference 
of  pulse-rate  to  disappear,  while  other  conditions  remain  the  same  as  before,  except 
that  the  heart  beats  more  rapidly.  It  would  seem  that,  during  the  ascent,  the 
cardio-mhibitory  centre  is  comparatively  inactive.  It  is  clear,  therefore,  that  the 
respiratory  and  cardio-inhibitory  centres  in  the  medulla  oblongata  act  to  a 
certam  extent  m  unison,  so  that  it  is  reasonable  to  suppose  that  other  centres 
situated  in  close  proximity  to  these  may  also  act  in  unison  with  them,  or,  as  it  were 
"in  sympathy."  As  already  stated,  the  vaso-motor  centre  is  also  in  action  during 
a  particular  part  of  the  time.] 

[If  a  dog  be  curarised  and  artificial  respiration  established,  the  respiratory 
undulations  still  occur,  although  in  a  modified  form.  In  artificial  respiration 
the  mechanical  conditions,  as  regards  the  intra-thoracic  pressure,  are  exactly  the 
reverse  of  those  which  obtain  during  ordinary  respiration.  Air  is  forced  into  the 
chest  during  artificial  respiration,  so  that  the  pressure  within  the  chest  is  increased 
diirmg  inspiration,  while  m  ordinary  inspiration  the  pressure  is  diminished  Thus 
the  same  mechanical  explanation  will  not  suffice  for  both  cases  ]  ' 

If  the  artificial  respiration  be  suddenly  interrupted  in  a  curarised  animal,  the  blood- 
pressure  rises  steadily  and  rapidly.  This  rise  is  due  to  the  stimulation  of  the 
Jont^f  '  Tll^  oblongata  by  the  impure  blood.    This  causes 

Zm  Z'l         /"""^^  '^'''Shont  the  body,  which  retards  the  outflow 

bioadlv  thpT.  ^"'^  i^^'        P^'^'^^'^  '^^^  i«  '•^i^ed.  [Stated 

cZi  L  ^^T'""'?  ''^^^^^l  organ-the  heart,  and  on  the 

the  n  rvnn!  *^^P«"P^,f  orgaus-the  small  arteries.  Both  are  influenced  by 
divicW  r        T'    l^-  ^^l  ^'^^''^  ^aso-motor  centre  be  eliminated  b^ 

V  rv  2h  tiiT Irf,  ^'^Sio".  arrest  of  the  respiration  causes  a 

b7sS.  nn%h  V^^^l^^'i-P^^^^'^rej  hence,  it  is  evident  that  venous  blood  acts 
but  slightly  on  the  hearb,  or  on  any  local  peripheral  nervous  mechanism,  or  on  the 
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muscular  fibres  of  tlie  arteries.    This  experiment  shows  that  it  is  the  vaso-raotor 
centre  which  i.s  speciallj'  acted  upon  by  the  venous  blood.] 

[Traube-Hering  Curves. — The  following  experiment  proves  that  the  varying 
activity  of  the  vaso-motor  centre  suffices  to  produce  undulations  in  the  blood- 
pressure  tracing.    Take  a  dbg,  curarise  it,  expo.se  both  vagi  and  establish  artificial 
respiration  ;  then  estimate  the  blood-pressure  in  the  carotid.    After  .section  of  the 
vagi,  the  heart  will  continue  to  beat  more  rapidly,  but  it  will  be  undisturbed  by 
the  cardio-inhibitory  centre.    Thus  the  central  factor  in  the  causation  of  the  blood- 
pressure  remains  constant.    Suddenly  interrupt  the  respiration,  and,  as  already 
stated,  the  blood-pressure  will  rise  steadily  and  uniformly,  owing  to  the  stimulation 
of  the  vaso-motor  centre  by  the  venous  blood.    In  tliis  case  the  peri2)heral  factor, 
or  state  of  tension  of  the  small  aiteries  throughout  the  body,  is  influenced  bj^  the 
condition  of  the  nerve-centre,  which  controls  their  action.    After  a  time,  the  blood- 
pressure  tracing  shows  a  series  of  bold  curves  higher  than  the  original  tracing. 
These  can  only  be  due  to  an  alteration  in  the  state  of  the  small  arteries,  brought 
about  by  a  condition  of  rhythmical  activity  of  the  vaso-motor  centre.  These 
curves  were  described  and  figured  by  Traube,  and  are  called  the  Traube  or  Traube- 
Hering  curves.    As  in  other  conditions,  stimulation  causes  exhaustion,  and  soon  the 
venous  blood  paralyses  the  vaso-motor  centre  and  the  small  arteries  relax,  blood 
flows  freely  out  of  the  larger  arteries,  and  the   blood-pressure  rapidly  sinks. 
Variations  in  the  blood-pressure  have  been  observed  after  a  mechanical  pump  has 
been  substituted  for  the  heart,  i.e.,  after  all  respiratory  movements  have  been  set 
aside,  so  that  the  only  factor  which  would  account  for  the  phenomena  of  the  Traube- 
Hering  curves  is  the  variation  in  the  peripheral  resistance  in  the  small  arteries, 
determined  by  the  condition  of  the  vaso-motor  centre.] 

Variations. — The  respiratory  imdulations  of  the  blood-pressure  become  more  pronounced  the 
greater  the  force  of  the  respirations,  which  produce  greater  variations  of  the  intra-thoracie 
pressure.  In  man,  the  diminution  of  the  pressure  within  the  trachea  is  1  mm.  _Hg.  during 
tranquil  inspiration  ;  while  during  forced  respiration,  when  the  respiratory  passage  is  closed,  it 
may  be  57  mm.  Conversely,  during  ordinary  expiration,  the  pressure  is  increased  within  the 
trachea  2-3  mm.  Hg. ,  while  during  forced  expiration,  owing  to  the  compression  of  the  abdominal 
muscles,  it  may  reach  87  mm.  Hg. 

Other  Factors.— The  increase  of  the  blood-pressure  during  inspiration,  as  well  as  the  fall 
during  expiration,  must  in  part  depend  upon  the  pressure  within  the  abdomen.  As  the  dia- 
phragm descends  during  inspiration,  it  presses  upon  the  abdominal  contents,  including  the 
abdominal  vessels,  whereby  the  blood-pressure  must  be  increased.  The  reverse  effect  occurs 
during  expuation  [Schwcinburg).  [Section  of  both  phrenic  nerves  and  opening  of  the  abdominal 
cavity  cause  the  respiratory  undulations  almost  entirely  to  disappear.  The  respiratory  undula- 
tions, therefore,  depend  in  great  part  upon  the  changes  of  the  abdominal  pressure  and  the  effect 
of  these  changes  ou  the  amount  of  blood  in  the  abdominal  vessels.  When  makmg  a  blood- 
pressure  experiment,  pressure  upon  the  abdomen  of  the  animal  witli  the  hand  causes  the  blood- 
pressure  to  rise  rapidly.] 

((/)  Variations  with  each  Pulse-Beat.— The  mean  arterial  pressure  undergoes 
a  variation  with  each  heart-beat  or  pidse-hmt,  causing  the  so-called  pulsatory 
undulations  (fig.  107).  The  mass  of  blood  forced  into  the  arteries  with  each 
ventricular  systole  causes  a  positive  wave  and  an  increase  of  the  pressure  corre- 
sponding with  it,  which  of  course  corresponds  in  its  development  and  in  its  form 
with  the  pulse-curve. 

In  the  large  arteries  A^olkmann  found  the  increase  during  the  heart-beat  to  be  =-iV  (horse) 
and  tV  (dog)  of  the  total  pressure.  . 

None  of  the  apparatus  described  in  §  84  gives  an  e.xact  representation  of  the  pulse-curve. 
They  all  show  simply  a  rise  and  fall,  a  simple  curve.  The  sphygmograph  alone  gives  a  true 
expression  of  the  undulations  in  the  blood-piessure  which  are  due  to  the  heart-beat. 

(h)  Arrest  of  the  Heart's  Action.  —If  the  heart's  action  be  arrested  or  interrupted 
by  continued  stimulation  of  the  vagus,  or  by  high  positive  respiratory  pressure  the 
arterial  blood-pressure  falls  enormously,  while  it  rises  in  the  veins  as  the  blood 
flows  into  them  from  the  arteries  to  equilibrate  the  difference  of  pressure  in  the  two 
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sets  of  vessels.  This  experiment  shows  that,  even  when  the  difference  of  pressure 
is  ahnost  entirely  set  aside,  the  passive  blood  presses  upon  the  arterial  walls,  i.f., 
on  account  of  the  overfilling  of  the  blood-vessels  a  slight  pressure  is  exerted  upon 
the  walls,  even  when  there  is  no  circulation.  [As  already  stated,  the  arterial 
pressure  depends  on  the  condition  of  the  central  organ — the  heart — and  on  the 
peripheral  organs — the  small  arteries.  If  the  action  of  the  heart  be  arrested,  then 
the  blood-pressure  rapidly  falls.    Fig.  108  shows  the  effect  on  the  blood-pressure 

a  h 


Fig.  108. 

Blood-pressure  tracing  taken  with  a  mercurial  kymograph  from  the  carotid  of  a  rabbit 
0-0:,  abscissa  ;  stimulation  of  vagus  begun  at  a  and  stopped  at  I. 

of  arresting  the  action  of  the  heart  by  stimulation  of  the  peripheral  end  of  the 
vagus.  There  is  a  sudden  fall  of  the  arterial  pressure,  as  shown  by  the  rapid  fall 
01  the  curve  from  «.] 

[Variations  in  Animals. -The  pressure  in  the  arterial  system  depends  upon  the  balance 

?o  irnntl  ]%W°li  1^1'°°  ^""^       ^tat*^  °f       arterioles     But  it  is 

to  be  noted  that  the  central  factor,  the  heart,  varies  in  different  animals.  In  the  rabbit  the 
heart  normally  beats  rapidly,  so  tliat  section  of  the  vagi  does  not  cause  any  great  increase  in 
the  number  ot  beats,  nor  s  the  blood-pressure  much  raiked  thereby.  In  the  docf  on  the  other 
hand,  the  beats  are  cons  derably  increased  by  section  of  the  vagi,  while  the  "blood-press  re 
r  ses  considerably.  Atropin  paralyses  the  cardiac  terminations  of  the  vagus,  and  theSv  treb  es 
the  number  of  heart-beats  in  the  dog,  while  it  only  raises  it  25  per  cent,  in  th^iS  •  in  man 
again,  the  number  may  be  doubled.  As  Brunton  has  shown,  this  d  erence  ot  tlie  in  tTal 
drT^^Jnle  bloot^  ^^^^ -tion  of  the  vagus  have  important  reSnrto  the  ct  of  o 
tbP  ^i°°'l:Pif  sure.    For  example,  if  an  intact  rabbit  be  caused  to  inhale  amyl  nitrite 

L  ffnf  ?  fu-  ''"'P'       blood-pressure  nearly  normal ;  while  ?he  Ceased  ra?e  of 

rcclmS  r^  '  cardio-inhibitory  action,  while  a  fall  of  blood-pressure^s 
Te  Son  of  V."  'Tn'"^  the  number  of  pulse-beats  for  the  opposite  reason, 
the  action  of  the  medullary  cardio-inhibitory  centre  being  increased.    But  the 
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blood-pressure  may  be  inureased  cither  by  the  action  of  the  heart  or  the  arterioles. 
If  we  divide  tlie  vagi  the  pulse  beats  more  quickly,  and  in  some  animals  the 
blood-pressure  rises  ;  in  this  case,  the  rise  in  the  two  curves  occurs  together,  and  if 
the  vagi  be  stimulated  there  is  a  sudden  fall  of  the  blood-pressure,  due  to  arrest 
of  the  heart's  action,  so  that  again  the  two  curves  are  parallel.  If  the  arterioles 
contract  the  blood-pressure  rises,  but  by  and  by  the  pulse-rate  falls,  owing  to  the 
cardio-inhibitory  action  of  the  vagus  ;  while,  on  the  other  hand,  if  the  arterioles 
are  dilated,  the  blood-pressure  falls,  and  the  heart  beats  faster.  Thus,  in  both  of 
these  cases  the  pulse-curve  and  blood-pressure  curve  run  in  opposite  directions. 
These  results  only  obtain  when  the  vagi  are  intact  (Brunton).] 

[The  increase  in  the  pulse-rate  and  blood-pressure  following  section  of  the  vagi  do  not  run 
parallel.  Both  sooner  or  later  reacli  a  maximum,  but  the  blood-pressure  gradually  falls  to  or 
below  the  normal,  while  tlie  pulse-rate  remains  above  the  normal  {MUnzc/).] 

For  the  effects  of  the  nervous  system  upon  the  blood-pressure  see  §  371. 

Pathological. — In  persons  suH'ering  from  granular  or  contracted  kidney  and  sclerosis  of  the 
arteries,  in  lead  poisoning,  and  after  the  injection  of  ergotin,  which  causes  contraction  of  the 
small  arteries,  it  is  found,  on  employing  the  method  of  v.  Basch,  that  the  blood-pressure  is 
raised.  It  is  also  increased  in  cases  of  cardiac  hypertrophy  with  dilatation,  and  by  digitalis  in 
cardiac  afi'ectious,  while  it  falls  after  the  injection  of  morphia.  The  blood-pressure  falls  in 
fever,  a  fact  also  indicated'in  the  sphygmogram  (§  69),  and  it  is  low  in  chlorosis  and  phthisis. 

86.  BLOOD-PKESSUKE  IN  THE  CAPILLAEIES. —Methods. —Direct  estimation  of  the  capil- 
lary pressure  is  not  possible  on  account  of  the  smallness  of  the  capillary  tubes.  If  a  glass  plate  of 
known  dimensions  be  placed  on  a  x^ortion  of  the  skin  rich  in  blood-vessels,  and  if  it  be  weighted 

until  the  capillaries  become  pale,  we  obtain  approximately  the  pressure  neces- 
sary to  overcome  the  capillary  pressure.  N.  v.  Kries  placed  a  small  glass 
plate  (tig.  109)  2'5-5  sq.  mm.,  on  a  suitable  part  of  the  skin,  e.g.,  the  skin 
at  the  root  of  the  nail  on  the  terminal  phalanx,  or  on  the  ear  in  man,  and 
on  the  gum  in  rabbits.  Into  a  scale-pan  attached  to  this,  weights  were 
placed  until  the  skin  became  pale.  The  pressure  in  the  capillaries  of  the 
hand,  when  the  hand  is  raised,  Kries  found  to  be  24  mm.  Hg.  ;  when  the 
hand  hangs  down,  54  mm.  Hg.  :  in  the  ear,  20  mm.,  and  in  the  gum  of  a 
rabbit,  32  mm. 

Roy  and  Graham  Brown  compressed  from  below  transparent  vascular  mem- 
branes against  a  glass  plate  by  means  of  an  elastic  bag  connected  with  a 
manometer,  while  the  variations  in  the  capillaries  were  observed  from  above 
by  a  microscope. 

Conditions  influencing  Capillary  Pressure. — The  capillary 
blood-pressure  in  a  given  area  increases — (1)  TVTien  the  afferent 
small  arteries  dilate,  so  that  the  blood-pressure  within  the  large 
arteries  is  propagated  more  easily  into  them.    (2)  By  increasing 
the  pressure  in  the  small  afferent  arteries.    (3)  By  narrowing  the 
diameter  of  the  veins  leading  from  the  capillary  area.    Closure  of 
Fig.  109.       the  veins  may  quadruple  the  pressure.     (4)  By  increasing  the 
v.  Kries's  appara-  pressure  in  {he  veins  (e.g.,  by  altering  the  position  of  a  limb).  A 
tus  for  capillary  dimin^ition  of  the  capillary  pressure  is  caused  by  the  opposite  con- 

square  of  glass,  ditions. 

Changes  in  the  diameter  of  the  capillaries  influence  the  internal  pres- 
sure. We  have  to  consider  the  movements  of  the  capillary  wall  itself  as  well  as  the  pressure, 
swelling,  and  consistence  of  the  surrounding  tissues.  The  resistance  to  the  blood-stream  is 
gi-eatest  in  the  capillary  area,  and  it  is  evident  that  the  blood  in  a  long  capillary  must  exert 
more  pressure  at  the  commengemeut  than  at  the  end  of  the  capillary  ;  in  the  middle  of  the 
capillary  area  the  blood-pressure  is  just  about  one-half  of  the  pressure  within  the  large  arteries 
{Donders).  The  capillary  pressure  must  also  vary  in  diflereut  regions  of  the  body.  Thus,  the 
pressure  within  the  intestinal  capillaries,  in  those  constituting  the  glomeruli  of  the  kidney, 
and  in  those  of  lower  limbs  when  the  person  is  in  the  erect  posture,  must  be  greater  than  in 
other  regions,  depending  in  the  fonner  cases  partly  upon  the  double  resistance  caused  by  two 
sets  of  capillaries,  and  in  the  latter  case  partly  on  purely  hydrostatic  causes. 

87.  Blood-Pressure  in  the  Veins.— In  the  large  venous  trunks  near  the 
heart  (innominate,  subclavian,  jugular)  a  mean  negative  pressure  of  about -O'l 
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mm.  Hg.  prevails  {H.  Jacohson).  Hence,  the  lymph-stream  can  tiow  unhindered. 
As  the  distance  of  the  veins  from  the  heart  increases,  there  is  a  gradual  increase 
of  the  lateral  pressure ;  in  the  external  facial  vein  (sheep)  =  +  3  mm.  ;  brachial 
4-1  mm.,  and  in  its  branches  9  mm.  ;  crural,  11-4  mm.  [The  pressure 'is  said  to 
be  negative  when  it  is  less  than  that  of  the  atmosphere.  The  gradual  fall  of  the 
blo9d-pressure  from  the  capillary  area  (C)  to  the  venous  area  (V)  is  shown  in  fig. 
108,  while  within  the  thorax,  where  the  veins  terminate  in  the  right  auricle,  the 
pressure  is  negative.]  ' 

Modifying  Conditions.— (1)  All  conditions  which  diminish  the  difference  of 
pressure  between  the  arterial  and  venous  systems  increase  the  venous  2'>ressure  and 
vice  versa.  ' 

(2)  General  plethora  of  blood  increases  it ;  anaemia  diminishes  it. 

(3)  Eespiration,  or  the  aspiration  of  the  thorax,  affects  specially  the  pressure 
in  the  veins  near  the  heart ;  during  inspiration,  owing  to  the  dinainished  tension 
blood  flows  towards  the  chest,  while  during  expiration  it  is  retarded.  The 
effects  are  greater,  the  deeper  the  respiratory  movement,  and  these  may  be  very 
great  when  the  respiratory  passages  are  closed  (§  60). 

[When  a  vein  is  exposed  at  the  root  of  the  neck,  it  collapses  during  inspiration,  and  fills 
during  expiration.  The  respiratory  movements  do  not  affect  the  venous  stream  in  peripheral 
veins,  ihe  veins  of  the  neck  and  face  become  distended  with  blood  during  crying  and  on 
making  violent  expiratory  efforts,  as  in  blowing  upon  a  wind  instrument.  EveiT  surgeon  is 
acquainted  with  he  fact  that  air  is  particularly  liable  to  be  sucked  into  the  veins,  especklly  in 
T^iZ^:^  "  •'"^  '°  ''''  ^^-"^^^^-^  int.a-tho.acic  p-ess'iiie  oc'cur- 

(4)  Aspiration  of  the  Heart. -Blood  is  sucked  or  aspirated  into  the  auricles 
when  they  dilate  (p.  .59),  so  that  there  is  a  double  aspiration— one  synchronous 
with  inspiration,  and  the  other,  which  is  but  slight, 
synchronous  with  the  heart-beat.  There  is  a  cor- 
responding retardation  of  the  blood-stream  in  the 
venae  cavae,  caused  by  the  contraction  of  the  auricle 
(p.  58,  a).  The  respiratory  and  cardiac  undula-  / 
tions  are  occasionally  observable  in  the  iugul 

vein  of  a  healthy  person  (§  99).  ,.y^y\jHORfi.x  j  x\ 

(5)  Change  in  the  position  of  the  limbs  or  of  ^^—^  N\ 

the  body,  for  hydrostatic  reasons,  greatly  alters  the     fj  i\\ 

venous  pressure.    The  veins  of  the  lower  extrem-  ■    N  1  a 

ity  bear  the  greatest  pressure,  while  at  the  same  \  \\^  7/ 

time  they  contain  most  muscle  (A'.  Bardelehen,  \\  // 

I  b5).    Hence,  when  these  muscles  from  any  cause    \  \v  ^  c  ^  //  / 

become  insufficient,  dilatations  occur  in  the  veins  y 

giving  rise  to  the  production  of  varicose  veins.  '   

[Braune  showed  that  the  femoral  vein  under  Ponpa'rt's  '^'g-  ^O. 

igament  collapsed  when  tlie  lower  limb  was  rotated  out-  Scheme  of  the  blood-pressure.  H 

Jlt^nl^f       '^""^i-d^,  but  filled  again  when  the  limb  was  ^^eart ;  «,  auricle  ;  v,  ventricle  ;  A 

yftl  J?,  r°               P°''*^°°-              ^eins  which  open  ^I'tenal ;  C,  capillary ;  and  V,  ven- 

<tl  .1''°'?         ^^^'^            ^^ic^  Pei-mit  blood  to  areas.    The  circle  indicates  the 

pass  into  the  femoral  vein,  but  prevent  its  reflux.    This  P^rts  within   the   thorax  :   B  P 

mechanism  acts  to  a  slight  degree  as  a  kind  of  suction  and  pressure  in  the  aorta. 
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(7)  Gravity  exercises  a  greater  eifect  upon  the  blootl-streara  in  the  extensile 
veins  than  upon  the  stream  in  the  arteries.  It  acts  on  the  distribution  of  the 
blood,  and  thus  indirectly  on  the  motion  of  the  blood-stream.  It  favours  the 
emptying  of  descending  veins,  and  retards  the  emptying  of  ascending  veins, 
so  that  the  pressure  becomes  less  in  the  former  and  greater  in  the  latter.  If 
the  position  of  the  limb  be  changed,  the  conditions  of  pressure  are  also  altered. 
If  a  person  be  suspended  with  the  head  hanging  downwards,  the  face  soon 
becomes  turgid,  the  position  of  the  body  favouring  the  inflow  of  blood  through 
the  arteries  and  retarding  the  outflow  through  the  veins.  If  the  hand  hangs 
down  it  contains  more  blood  in  the  veins  than  if  it  is  held  for  a  short  time  over 
the  head,  when  it  becomes  pale  and  bloodless.  [As  Lister  has  shown,  the  condition 
of  the  vessels  in  the  limb  is  influenced  not  only  by  the  position  of  the  limb,  but 
also  by  the  fact  that  a  nervous  mechanism  is  called  into  play.] 

[Ligature  of  the  portal  vein  causes  congestion  of  the  rootlets  and  dilatation  of  all  tlie  blood- 
vessels in  the  abdomen  ;  gradually  nearly  all  the  blood  of  the  animal  aecumnlates  within  its 
belly,  so  that,  paradoxical  as  it  may  seem,  an  animal  may  be  bled  into  its  own  belly.  As  a 
conse([uence  of  sudden  and  complclc  ligature  of  this  vein,  the  arterial  blood-pressure  gradually 
and  rapidly  falls,  and  the  animal  dies  very  (|uickly.  If  the  ligature  be  removed  before  the 
blood-pressure  falls  too  much,  the  animal  may  recover.  Schitf  and  Lautenbacli  regard  the 
symptoms  as  due  chiefly  to  the  action  of  a  poison,  for  when  the  blood  of  tlie  portal  vein  in  an 
animal  treated  in  this  way  is  injected  into  a  frog,  it  causes  death  within  a  few  hours,  while  the 
ordinary  blood  of  the  portal  vein  has  no  etl'eet.] 

[Ligature  of  the  Veins  of  a  Limb.— The  effect  of  ligaturing  or  compressing  all  the  veins  of  a 
limb  is  well  seen  in  cases  where  a  bandage  has  been  applied  too  tightly.  It  leads  to  congestion 
and  increase  of  pressure  within  the  veins  and  capillaries,  increased  transudation  of  fluid  through 
the  capillaries,  and  consequent  ^edcma  of  the  parts  beyond  the  obstruction.  Ligature  of  one 
vein  does  not  always  produce  cedema,  but  if  several  veins  of  a  limb  be  ligatured,  and  the  va-so- 
motor  nerves  be  divided  at  the  same  time,  the  rapid  production  of  cedema  is  ensured.  In 
patholof'ical  cases  the  pressure  of  a  tumour  upon  a  large  vein  may  produce  similar  results 
(§  -203).] 

88  BLOOD-PRESSURE  IN  THE  PULMONARY  AETERY.— Methods.— (1)  Direct  estima- 
tion of  the  blood-pressure  in  the  pulmonary  artery  by  opening  the  chest  was  made  by  C.  Ludwig 
and  Beutner  (1850).  Artificial  respiration  was  kept  up,  and  the  manometer  was  placed  in  con- 
nection with  the  left  branch  of  the  pulmonary  artery.  The  circulation  through  the  left  lung 
of  cats  and  rabbits  was  thereby  completely  cut  off,  and  in  dogs  to  a  great  e.Ktent  interrupted. 
There  was  an  additional  disturbing  element,  viz.,  the  removal  of  the  elastic  force  of  the  hings, 
owincr  to  the  opening  of  the  chest,  whereby  the  venous  blood  no  longer  flowed  normally  uito  the 
ric^ht^heart,  while  the  heart  itself  was  under  the  full  pressure  of  the  atmosphere.  The  estimated 
pressure  in  the  dog  =  29-6  ;  in  the  cat  =  17-7  ;  in  the  rabbit,  12  ram.  Hg.,  m  the  dog  3 
times,  the  rabbit  4  times,  and  the  cat  5  times  less  than  the  carotid  pressure. 

(9)  Herino-  (1850)  experimented  upon  a  calf  with  ectopia  cordis.  He  uitroduced  glass  tubes 
.lire'ctly  into  the  heart,  by  pushing  them  through  the  muscular  walls  of  the  ventncles.  ihe 
blood  rose  to  the  height  of  21  inches  in  the  right  tube,  and  33 '4  inches  in  the  left.  • 

(3)  Faivre  (1856)  introduced  a  catheter  through  the  jugular  vein  into  the  nght  ventricle, 
and  placed  it  in  connection  with  a  recording  tambour. 

Indirect  measurements  have  been  made  by  compaiing  the  relative  thickness  ot  the  waus  oi 
the  right  and  left  ventricles,  or  the  walls  of  the  pulmonary  artery  and  aorta. 

Beutner  and  Marey  estimated  the  relation  of  the  pulmonary  artery  to  the  aortic 
],ressure  as  1  to  3 ;  Goltz  and  Gaule  as  2  to  5  ;  Fick  and  Badoud  found  a  pressure 
of  60  mm.  in  the  pulmonary  artery  of  the  dog,  and  in  the  carotid  111  mm.  Hg. 
The  blood-pressure  within  the  pulmonary  artery  of  a  child  is  relatively  higher  than 

in  the  adult.  .  c 

Elastic  Tension  of  Lungs.— The  lungs  within  the  chest  are  kept  in  a  state  ot 
distension,  owing  to  the  fact  that  a  negative  pressure  exists  on  their  outer  pleural 
surface  When  the  glottis  is  open,  the  inner  surface  of  the  lung  and  the  walls  of 
the  capillaries  in  the  pulmonary  air-vesicles  are  exposed  to  the  full  pres-sure  ot  the 
■lir  The  heart  and  large  blood-vessels  within  the  chest  are  not  exposed  to  the  full 
pressure  of  the  atmosphere,  but  only  to  the  pressure  which  corresponds  to  the 
atmospheric  pressure  minus  the  pressure  exerted  by  the  elastic  traction  ol  the  lungs 
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(§  60).  The  trunks  of  the  pulmonary  artery  and  veins  are  subjected  to  the  same 
conditions  of  pressure.  The  elastic  traction  of  the  lungs  is  greater  the  more  they  are 
distended.  The  blood  of  the  pulmonary  capillaries  will,  therefore,  tend  to  How 
towards  the  large  blood-vessels.  As  the  elastic  traction  of  the  lungs  acts  chiefly 
on  the  thin-walled  pulmonary  veins,  while  the  semi-lunar  valves  of  the  pulmonary 
artery,  as  well  as  the  systole  of  the  right  ventricle,  prevent  the  blood  from  flowing 
backwards,  it  follows  that  the  blood  in  the  capiUaries  of  the  Imm-  circulation  mmt 
flow  towards  the  pidmonary  veins. 

If  tubes  with  thin  walls  be  placed  in  the  walls  of  an  elastic  distensible  bag,  the 
lumen  of  these  tubes  changes  according  to  the  manner  in  which  the  bag  enclosing 
them  is  distended.  If  the  bag  be  directly  inflated  so  as  to  increase  the  pressure 
within  it,  the  lumen  of  the  tubes  is  diminished  {Funlce  and  Lcdscheidjeryer).  If  the 
bag  be  placed  within  a  closed  space,  and  the  tension  within  this  space  be  diminished 
so  that  the  bag  thereby  becomes  distended,  the  tubes  in  its  wall  dilate.  In  the 
latter  case— viz.,  by  negative  aspiration— the  lungs  are  kept  distended  within  the 
thorax,  hence  the  blood-vessels  of  the  lungs  containing  air  are  wider  than  those  of 
collapsed  lungs  {Quincke  and  Ffeiffer,  Bowd'dch  and  Garland,  De  Ji'u/er).  Hence 
also,  more  blood  flows  through  the  lungs  distended  within  the  thorax  than  through 
collapsed  lungs.  The  dilatation  which  takes  place  during  inspiraiion  acts  in  a 
similar  manner.  The  negative  pressure  that  obtains  within  the  lungs  during 
inspiration  causes  a  considerable  dilatation  of  the  pulmonary  veins,  into  which 
the  blood  of  the  lungs  flows  readily,  whilst  the  blood  under  high  pressure  in  the 
thick-walled  pulmonary  artery  scarcely  undergoes  any  alteration.  The  velocity  of 
the  blood-stream  in  the  pulmonary  vessels  is  accelerated  during  inspiration  {De 
Jcujer,  Lcdesque).  The  blood-pressure  in  the  pulmonary  circuit  is  raised  when  the 
lungs  are  inflated.  Contraction  of  small  arteries,  which  causes  an  increase  of  the 
blood-pressure  in  the  systemic  circulation,  also  raises  the  pressure  in  the  pulmonary 
circuit,  because  more  blood  flows  to  the  right  side  of  the  heart. 

The  vessels  of  the  pulmonary  circulation  are  very  distensible  and  their  tonus  is 
slight.  [Occlusion  of  one  branch  of  the  pulmonary  artery  does  not  raise  the 
pressure  within  the  aorta.  Even  when  one  pulmonary  artery  is  plugged  with  an 
embolon  of  parafiin,  the  pressure  within  the  aortic  system  is  not  x&M  {Lichtheim). 
When  a  large  branch  of  the  pulmonary  artery  becomes  impervious,  the  obstruction 
is  rapidly  compensated  for,  and  this  is  not  due  to  the  action  of  the  nervous  system 
I  he  vaso-motor  system  has  much  less  effect  upon  the  pulmonary  blood-vessels  than 
upon  those  of  the  systemic  circulation.  The  compensation  seems  to  be  due  chiefly 
to  the  great  distensibility  and  dilatation  of  the  pulmonary  vessels  {Lichtheim).} 
We  know  httle  of  the  effect  of  physiological  conditions  upon  the  pulmonary  arterj' 
According  to  Lichtheim  susjmision  of  the  respiration  causes  an  increase  of  the 
pressure.  [In  one  e.xperiment  he  found  that  the  pressure  within  the  pulmonary 
artery  was  increased,  while  it  was  not  increased  in  the  carotid,  and  he  regards  this 
experiment  as  proving  the  existence  of  vaso-motor  nerves  in  the  lun^  1 

During  the  act  of  gi'eat  straining,  the  blood  at  first  flows  rapidly  out  of  the  pulmouai'v  veins 

{I'isquX  pulmonary  vessels 

lulTa^ Ltdtiftlifrio?^ m^^^^  through  the  h.ng.s  is  greater  and  more  rapid  when  the 
fi!„!„  1       "  ,       ^^-i         ^^^1*^"       air  within  them  is  rich  in  0.    He  sunnoses 

the  vessels  ^'^^^^  *     vascular  ganglia  within  the  lung,  and  thus  affect  tlie  diameter  of 

quSyln'i^^n  Wr^^^^^  T'^  °^        pulmonary  artery  occur,  fre- 

is  Sn^Mli^A  ^ir^  ""'f-  ,      ^•"^'^•^  ^^-^''^        second  pulmonary  sound 

marffind  occifea  lilr^  FlIn'tH.^l^'^'f'^  I"        cardiograni  is  alwaj-s  nmre 

raises  the  bl^:?;^:il^\i\SVnf^n!;;i;^^^^  ^^"""^^^^^  of  abdominal  organ. 

[The  action  of  drugs  on  the  pulmonary  circulation  n.ay  be  tested  by  Holmgren's  apparatus 
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§  94),  wlndi  i.t.i  mits  of  cli.stcn.sioii  of  th.-  lung  and  retention  of  the  normal  circulation  iii  the 
Irog.  Colli  contracts  the  juilinonary  capillaries  to  one-third  of  their  diameter,  and  amcsthetics 
arrest  the  pulmonary  circulation,  chloroform  being  most  and  ether  least  active,  while  ethidene  Ls 
lutermediate  in  its  eliect] 

[influence  of  the  Nervous  System.— The  pulmonary  circulation  is  much  less 
dependent  on  the  nervous  system  than  the  systemic  circulation. 
Very  considerable  variations  of  the  blood-pressure  within  the 
other  parts  of  the  body  may  occur,  while  the  pressure  within 
the  right  heart  and  pulmonary  artery  is  but  slightly  affected 
thereby.  The  pressure  is  increased  by  electrical  stimulation 
of  the  medulla  oblongata,  and  it  falls  when  the  medulla  is 
destroyed.  Section  and  stimulation  of  the  central  or  peri- 
pheral ends  of  the  vagi,  stimulation  of  the  splanchnics,  and 
of  the  central  end  of  the  sciatic,  have  but  a  minimal  influence 
on  the  pressure  of  the  pulmonary  artery  (Aitbert).] 

89.  VELOCITY  OF  THE  BLOOD-STKEAM.— 
Methods:  (1)  A.  W.  Volkmanii's Hsemadromometer 

(1850).— A  glass  tube  of  the  shape  of  a  hair-pin, 
60-130  cm.  long  and  2  or  3  mm.  broad,  with  a  scale 
etched  ou  it,  or  attached  to  it,  is  fi.xed  to  a  metallic 
basal  plate,  B,  so  that  each  limb  passes  to  a  stop- 
cock with  three  channels.  The  basal  plate  is  per- 
forated along  its  length,  and  carries  at  each  end 
short  cannula;,  c,  c,  which  are  tied  into  the  ends  of 
a  divided  artery.  The  whole  ajjparatus  is  first  filled 
with  water,  [or,  better,  with  salt  solution].  The 
stop-cocks  are  moved  simultaneously,  as  they  are 
attached  to  a  toothed  wheel,  and  have  at  first  the 
position  given  in  fig.  Ill,  I,  so  that  the  blood 
siraplj-  flows  through  the  hole  in  the  basal  piece, 
i.e.,  directly  from  one  end  of  the  artery  to  the 
other.  If  at  a  given  moment  the  stop-cock  is  turned 
in  the  direction  indicated  in  fig.  Ill,  II,  the  blood 
has  to  pass  through  the  glass  tube,  and  the  time  it 
takes  to  make  the  ciicuit  is  noted;  and  as  the  length 
of  the  tube  is  known,  we  can  easily  calculate  the 
velocity  of  the  blood.  The  method  has  very  obvious 
defects  arising  from  the  narrowness  of  the  tube  ;  the 
introduction  of  such  a  tube  ofiers  new  resistance, 
while  there  are  no  respiiatoiy  or  pulse-variations 
observable  in  the  stream  in  the  glass  tube. 


Fig.  111. 

Volkmann's  liajiuadromometer  (B).  I,  blood  flows  from  artery  to  artery  ; 
II,  blood  nmst  pass  through  the  glass  tube  of  B  ;  c,  c,  cannuhc  for  the 
divided  artery. 


Fig.  11-2. 
Ludwig  and  Dogiel's  rheo- 
meter.  X,  Y,  axis  of 
rotation  :  A,  B,  glass 
bulbs ;  /(,  ^:  cannula' 
inserted  in  the  divided 
artery  ;  c,  Cj.  rotates 
on  ;/,  / ;  c,  d,  tubes. 


Volkmann  found  the  velocity  to  be  in  the  carotid  (dog]  ~  205  to  357  mm.; 
carotid  (horse)  =  306  ;  maxillary  (horse)  =  232  :  metatarsal  =  5G  mm.  per  second. 

(2)  C.  Ludwig  and  Dogiel  (1867)  devised  a  "stromuhr  "  or  rheometer  for  measur- 
ing the  amount  of  blood  which  passed  through  an  artery  in  a  given  time  (fig.  112). 

It  consists  of  two  glass  bulbs,  A  and  B,  of  exactly  the  same  capacity.  The.se  bulbs  com- 
municate with  each  other  above,  their  lower  ends  being  fixed  by  means  of  the  tubes,  c  and  d, 
to  the  metal  disc,  c,  c,.  This  disc  rotates  round  the  axis,  X,  V,  so  that,  after  a  complete  revolu- 
tion, the  tube  c  communicates  with /,  and  d  with  g  ;  /  and  g  are  provided  with  horizontally  placed 
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canimliie,  h  ami  I;  which  are  tied  into  the  ends  ol"  the  divided  artery.  Tlie  cannnla  h  is  fixed 
in  the  central  end,  and  k  in  the  periiihoral  end  of  the  artiny  {e.g.,  cai'otid) ;  the  bulb  A  is 
filled  with  oil,  ami  B  with  defibrinated  blood  ;  at  a  certain  moment  the  coinnninication  th'rougli 
h  is  opened,  the  blood  Hows  in,  thiving  the  oil  before  it,  and  passes  into  B,  while  the  defibrinated 

blood  flows  through  k  into  the  peripheral  part  of  the  artery.    As  soon  as  the  oil  reaches  v/i  a 

moment  which  is  instantly  noted,  or,  what  is  better,  inscribed  upon  a  revolving  cylinder  the 

bulbs.  A,  B,  are  rotated  upon  the  a.xis  X,  Y,  so  that  B  comes  to  occupy  the  position  of  A.  The 
same  experiment  is  repeated,  and  can  be  continued  for  a  long  time.  The  quantity  of  blood 
which  passes  in  the  unit  of  time  (1  sec.)  is  calculated  from  the  time  necessary  to  fill  tlie  bulb 
with  blood.    Important  results  are  obtained  by  means  of  this  instrument. 

[Suppose  50  c.cm.  of  blood  are  delivered  in  100  sees.,  then  1  c.cm.  flows  through  in  2  sees. 
Suppose  the  sectional  area  of  the  artery  to  be  3^  mm.    As  the  velocity  is  measured  by  the  ratio 
o  ,  5000 
of  the  quantity  to  the  sectional  area,  then  3^^~159  mm.  per  second.] 

[As  peptone  injected  into  the  blood  prevents  it  from  coagulating  (dog),  this  fact  has  been 
turned  to  account  in  using  the  rheometer.] 

(3)  Vierordt's  Hsematachometer  (1858)  consists' of  a  small  metal  box  (fig.  113,  I)  with  parallel 
glass  sides.  To  the  narrow  sides  of  the  box  are  fitted  an  inlet  e,  and  an  exit  cannula  a.  In 
its  interior  is  suspended,  against  the  entrance  openilig,  a  pendulum,  p,  whose  vibrations'  may  be 
read  off  on  a  cnrved  scale.  [This  instrument,  as  well  as  Volkmann'g  apparatus,  has  only  an 
historical  interest.]  ' 

(4)  Chaiiveau  and  Lortet's  Dromograph  (1860)  is  constructed  on  the  same  principle.    A  tube 
(fig-  113),  of  sufficient  diameter,  with  a  side  tube  fixed  to  it,  C,  which  can  be  placed  in  con- 
nection with  a  manometer,  is  introduced  into  the  carotid  artery  of  a  horse.    At  a  a  small  piece 
is  cut  out  and  provided  with  a  covering  of  gntta-percha  which  'has  a  small  hole  in  it ;  through 
this  a  light  pendulum,  a,  b,  with  a  long  index,  b,  projects  into  the  tube,  i.e.,  into  the  blood- 


Fig.  113. 

^'  ^romJla^^"''?^^^^^^^      ^\^'''      '''''T?'  <^^'">"I^;  i'.  pendulun,.  II. 

&  S  moVint'  in'  ^     '''tT'^     '"'^r'^  '  ^'  t"^^"  connected  with  a  manometer  ; 

Lmograph      °          caoutchouc  men.brane,  a;  G,  handle.    III.  Curve  obtained  bj' 

rr.Sir^^VT  -^^'^  °f       -i^rations  can  be  read  off 

the  fo,me;  nsh-ummt  are  te  teTZf  "S*"  i"«trument  to  be  held.    Both  this  and 

varying  velocitier  beforelian.l  with  a  stream  of  water  sent  tlirough  them  with 

'Vn'&?Se^i:.T^^^  -                         '^«)  i"  the 

indicate"  the  late  al  Pre™  ^1  ^  "  nianometer  p  than  in  m.    The  tube  my 

velocity  of  tL  ™U  mnv        r  ^  .  ^7''  ''^'^  ^"^lo-^'ty  °f  the  Ihiid  (p.  89).  The 

Pitot's  tube  ™d  b^  r»t  f  the  difference  in  the  level  in  the  twi  tubes. 

as  used  by  Cybuls/a  is  bent  at  a  right  angle  (I,  ,p),  the  end  c  being  inserted  and 
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tied  into  the  central,  and  p  into  the  peripheral,  part 
through  the  tube,  the  blood  rises  higher  in  a  than  // 


ol  a  divided  artery.    As  the  blood  Hows 


To  avoid  having  the  nianonieters  (i  and  h  too  long,  they  are  connected  with  each  other  by  a 
capillary  tube  tilled  with  air  and  provided  above  with  a  stop-cock  /.    The  blood  is  allowed  to 
J-  rise  to  the  height  of  1  and  2,  the  .stop-cock  i 

is  closed,  and  piaetically  an  air-manometer  is 
made,  wliich  shows  a  marked  difference  in  tiie 
level  of  the  blood  of  the  two  tubes.  The  level 
of  the  blood  in  1  and  2  is  continually  changed 
by  the  movements  of  the  heart  and  those  of 
respiration,  and  these  variations  are  photo- 
graphed by  means  of  a  camera  n  with  a  rapidly 
moving  plate  /•. 

Fig.  C  shows  a  curve  obtained  from 
the  carotid  of  a  dog.  The  velocity  of 
the  current  at  l^-l  =  238  mm,,  in  the 
phase  2]-2  =  22.'3  mm.,  and  at  3,-3  =  177 
mm.  The  velocity  is  greatest  at  the  end 
of  inspiration  and  the  beginning  of  ex- 
piration. Asphyxia  increases  it  at  first. 
Paralysis  of  the  sympathetic  increa.ses 
it,  while  stimulation  of  this  nerve 
diminishes  it.  Section  of  the  vagi  in- 
creases the  velocity,  while  stimulation 
diminishes  it. 

The  curve  of  the  velocity  may  be  written 
off  on  a  smoked  glass  plate,  moviug  parallel 
with  the  index  b.  The  dromograph  curve,  III, 
shows  the  primary  elevation,  V,  and  the  di- 
crotic elevation  R. 

90.  VELOCITY  OF  THE  BLOOD. 

 (1)  Division  of  Vessels— Arteries.— 

In  estimating  the  velocity  of  the  blood, 
it  is  important  to  remember  that  the 
sectional  area  of  all  the  branches  of  the 
aorta  becomes  greater  as  we  proceed 
from  the  aorta  towards  the  capillaries, 
so  that  the  capillary  area  is  700  times 
greater  than  the  sectional  area  of  the  aorta.    As  the  veins  join  and  ^orni  larger 
trunks  the  venous  area  gradually  becomes  smaller,  but  the  sectional  aiea  of  he 
truuKs,  lue  ve  uu  ^  j     ^^^^^^^  ^l^g  l^eart  is  greater  than  that 

of  the  corresponding  arterial  orifices.  [We  may 
represent  the  result  as  two  cones  placed  base 
to  base  (fig.  115),  the  bases  meeting  in  the 
capillary  area.  The  sectional  area  of  the  ven- 
ous orifice  (Y)  is  represented  larger  than  that 
of  the  arterial  (A).  The  increased  sectional 
area  influences  the  velocity  of  the  blood- 
current,  while  the  resistance  affects  the  pres- 
sure.] 

The  common  iliacs  are  an  exception  ;  the  sum  of 
their  sectional  areas  is  less  than  that  of  the  aorta  : 
Scheme  of  the  sectional  area.    A,  arterial,  the  sections  of  the  four  pulmonary  venis  are  togttuoi 
and  V,  venous  orifice.  less  than  that  of  the  pulmonary  artery. 

(2)  Sectional  Are^.-An  e.,ual  cjuanfity  of  must  pass  tlu-ough  every^ction 
nf  the  circulatory  system,  through  the  pulmonic  as  well  as  through  the  sjstcmic 
IdatiolCt  that  Jhe  same  anTount  ofS^lood  must  pass  through  the  pulmonar, 


Fig.  114. 

I.  Scheme  of  the  photohfeuiataehometer  ; 
II.  Pitot's  tube. 
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artery  and  aorta,  notwithstanding  the  very  unecjual  blood-jjressure  in  these  two 
vessels. 

(3)  Lumen. — The  velocity  of  the  current,  therefore,  in  various  sections  of  the 
vessels,  must  be  inversely  as  their  lumen. 

(4)  Capillaries. — Hence,  the  velocity  must  diminish  very  considerably  as  ve 
pass  from  the  root  of  the  aorta  and  the  pulmonary  artery  towards  the  capillaries 
so  that  the  velocity  in  the  capillaries  of  mammals  =  0-8  millimetre  per  sec- 
frog  =  0-53  mm.  {E.  H.  Weber);  man  =  0-6  to  0-9  (C.  Vierordt).  According  to 
A.  W.  Volkmann,  the  blood  in  mammalian  capillaries  flows  500  times  slower  than 
the  blood  in  the  aorta,  so  that  the  total  sectional  area  of  all  the  capillaries  must  be 
500  times  greater  than  that  of  the  aorta.  Bonders  found  the  velocity  of  the  stream 
in  the  small  afferent  arteries  to  be  10  times  faster  than  in  the  capillaries. 

Veins. — The  current  becomes  accelerated  in  the  veins,  but  in  the  larger  trunks  it 
is  0"5  to  0*75  times  less  than  in  the  corresponding  arteries. 

(5)  Mean  Blood-Pressure.— The  velocity  of  the  blood  does  not  depend  upon  the 
mean  blood-pressure,  so  that  it  may  be  the  same  in  congested  and  in  antemic  parts 
{Volhnann,  Hering). 

(6)  Difference  of  Pressure.— On  the  other  hand,  the  velocity  in  any  section  of 
a  vessel  is  dependent  on  the  difference  of  the  pressure  which  exists  at  the  com- 
mencement and  at  the  end  of  that  particular  section  of  a  blood-vessel )  it  depends, 
therefore,  on  (1)  the  visatergo  {i.e.,  the  action  of  the  heart),  and  (2)  on  the  amount 
of  the  resistance  at  the  periphery  (dilatation  or  contraction  of  the  small  vessels).  . 

CoiTesponding  to  the  smaller  difference  in  the  arterial  and  venous  pressiu'ein  the  fcetus  (S  85) 
the  velocity  of  the  blood  is  less  in  this  case  {Cohnstein  and  Zuntz). 

(7)  Pulsatory  Acceleration.— With  every  jndse-beat  a  corresponding  acceleration 
of  the  blood-current  (as  well  as  of  the  blood-pressure)  takes  place  in  the  arteries 
(pp.  126,  133).  In  large  vessels,  Vierordt  found  the  increase  of  the  velocity  during 
the_  systole  to  be  greater  by  i  to  J  than  the  velocity  during  the  diastole.  The 
variations  m  the  velocity  caused  by  the  heart-beat  are  recorded  in  fig.  113  obtained 
by  Chauveau's  dromograph  from  the  carotid  of  a  horse.  The  velocity  curve  corre- 
sponds with  a  sphygmogram— P  represents  the  primary  elevation  and  E  the 
dicrotic  wave.  This  acceleration,  as  well  as  the  pulse,  disappears  in  the  capillaries 
A  pulsatory  acceleration,  more  rapid  during  its  first  phase,  is  observable  in  the 
small  arteries,  although  the  arteries  themselves  are  not  distended  thereby. 

(b)  Respiratory  Effect.— Every  inspiration  retards  the  velocity  in  the  arteries 
every  expiration  aids  it  somewhat ;  but  the  value  of  these  agencies  is  very  small  ' 
tv5lrn  «n'!l^Hi%''l-''*  ^f.^^^'f  l^een  said  regarding  the  effect  of  the  respiration  on  the  con- 
Jivours  tl^L  b  oo?Bi™      ^"i  "'"^  blood-stream  (§60),  it  is  clear  that  respiration 

mXl  the  hwflp.^',  '°  ^'^^^'^^  respiration.  When  artificial  respiration  is  inter- 
vh^t  lon-^ei  thf  ™  ^^T^)-        ^^'^  suspension  of  respiration  lasts  son.e- 

(9)  Modifyingr  Conditions.-Many  circumstances  affect  the  velocity  of  the  blood 
Inp  tn  fr°''  ^^'-iations  in  the  large  veins  near  the  heart 

^ri^\ont  ZT7  ^novements  of  the  heart      50  and  60).    (2)  /rr.^«/.,r 

Z  in  rt,.  ^ L  r^'"''*'"'''  ^^'^t^-a^ti'^g  '«^^«^les  (§  87),  fri^Hon  on  the 

movinrthp  1/ 1     1  PTP-^'^^  ^^^^-^^^  «f  of  tlie  g  oin  on 

located  ou  w  Jd^th^'r  '"^T^-  ^^^'''^'^  ^""b  is  extended  and 

negative  n^^^^^^^  vein  in  the  iliac  fossa  collapses,  owing  to  an  internal 

Sure  (ZZa  '  ^ ^'■''"^  ""'1  it         ^"der  a  positive, 

pressure  {Braune).    A  similar  condition  obtains  in  walking. 

y^^iic'Zi'lUX^^  -^•-'"'t-l  the  capacity  of  the  left 

vciocuj  ot  the  blood-stream,  and  the  amount  of  blood  discharged  per  second' 
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by  the  right  t'ui  oli.l,  riyht  siibcluviaii,  thn  two  ijoionary  arteries,  ami  the  aorta  below  the  origin 
of  the  iiiiioininate  artery.  He  estimated  tliat  with  every  systole  of  the  heart,  172  eubic  centi- 
metres (e(iiial  to  180  grammes)  of  blood  were  discharged  into  the  aoila;  this,  therefore,  must  be 
the  capacity  of  the  left  ventricle  (compare  §  83). 

92.  THE  DURATION  OF  THE  CIRCULATION.— The  time  required  by  the 
blood  to  make  a  complete  circuit  through  the  course  of  the  circulation  was  first  de- 
termined by  Hering  (1829)  in  the  horse.  He  injected  a  2  per  cent,  solution  of  potas- 
.sium  ferrocyanide  into  a  special  vein,  and  ascertained  (by  means  of  ferric  chloride) 
Avhen  this  substance  appeared  in  the  blood  taken  from  the  corresponding  vein  on  the 
opposite  side  of  the  body.  The  ferrocyanide  may  also  be  injected  into  the  central 
or  cardiac  end  of  the  jugular  vein,  and  the  time  noted  at  which  its  presence  is 
detected  in  the  blood  of  the  peripheral  end  of  the  same  vein.  Vierordt  (1858) 
improved  this  method  by  placing  under  the  corresponding  vein  of  the  opposite  side 
a  rotating  disc,  on  which  was  fixed  a  number  of  cups  at  regular  intervals.  The 
first  appearance  of  the  potassium  ferrocyanide  is  detected  by  adding  ferric  chloride 
to  the  serum  which  separates  from  the  samples  of  blood  after  they  have  stood  for 
a  time.    The  duration  of  the  circulation  is  as  follows  : — 

Horse,  .  .  31-5  seconds.  I  Hedgehog,  .  7 'Bl  seconds.  Duck,  .  .  10-64  seconds. 
Dog,       .     ■  .    16-7      „       :    Cat,    .       ,    6-69      ,,  Buzzard,       .  673 

Eabbit,  .       .      7-79    ,,       1    Goose,        .  10-86      ,,  Fowl,    .       .  5-17 

Results. — Wlien  these  numbers  are  compared  with  the  frequency  of  the  normal 
pulse-beat  in  the  corresponding  animals,  the  following  deductions  are  obtained : — 

(1)  The  mean  time  required  for  the  circulation  is  accomplished  during  27  heart- 
beats, i.e.,  for  man  =  32"2  seconds,  supposing  the  heart  to  beat  72  times  per 
minute. 

(2)  Generally,  the  mean  time  for  the  circulation  in  two  warm-blooded  animals 
is  inversely  as  the  frequency  of  the  pulse-beats. 

Modifying'  Conditions. — The  time  is  influenced  by  the  following  factors  : — 

1.  Long  vascular  channels  {e.g.,  from  the  metatarsal  vein  of  one  foot  to  the  other  foot)  re- 
quire a  longer  time  than  short  channels  (as  between  the  jugulars).  The  difference  may  be  equal 
to  10  per  cent,  of  the  time  recj^uired  to  complete  the  entire  circuit. 

2.  In  young  animals  (with  shorter  vascular  channels  and  higher  pulse-rate)  the  time  is 
shorter  than  in  old  animals. 

3.  Rapid,  and  energetic  cardiac  contractions  (as  diu-ing  muscular  exercise)  diminish  the  time. 
Hence  rapid  and  at  the  same  time  less  energetic  contractions  (as  after  section  of  both  vagi),  and 
slow  but  vigorous  systoles  {e.g. ,  after  slight  stimulation  of  the  vagus),  have  no  effect. 

C.  Vierordt  estimated  the  quantity  of  blood  in  a  man,  in  the  following  manner  : — In  all 
warm-blooded  animals,  27  systoles  correspond  to  the  time  for  completing  the  circulation. 
Hence,  the  total  ma.ss  of  the  blood  must  be  equal  to  27  times  the  capacity  of  the  ventricle,  i.e., 
in  man,  187"5  grms.  x  27  =  5062'5  grms.  This  is  equal  to  of  the  body-weight  in  a  person 
weighing  65 '8  kilos,  (compare  §  49). 

It  is  not  to  be  forgotten  that  the  salt  nsed  is  to  some  extent  poisonous,  but  Hermann  uses  the 
corresponding  innocuous  soda  salt  (25  per  cent.). 

Pathological. ^ — The  duration  of  the  circulation  seems  to  be  increa.sed  during  septic  fever 
{E.  Wolff). 

93.  WORK  OF  THE  HEART.— The  left  ventricle  expels  0-188  kilo,  of  blood 

with  each  systole,  and  in  doing  so  it  overcomes  the  pressure  in  the  aorta,  which  is 
equal  to  a  column  of  blood  3-21  metres  in  height.  [The  amount  of  blood  expelled 
from  each  ventricle  during  the  systole  is  about  180  grms.  (6  oz.).  It  is  forced  out 
ag-ainst  a  pressure  of  2.50  mm.  Hg.  =  3-21  metres  of  blood.]  The  work  of  the  heart 
at  each  systole  is  0-188  x  3-21  =0-604  kilogramme-metre.  If  the  number  of  beats 
=  75  per  minute,  then  the  work  of  the  left  ventricle  in  24  hours  =  (0-604- x 
75  X  60  X  24)  =  65,230  kilogramme-metres;  while  the  "  work  "  done  by  the  riijht 
ventricle  is  about  one-third  that  of  the  left,  and  therefore  =  21,740  kilogramme- 
metres.  Both  ventricles  do  Avork  equal  to  86,970  kilogramme-metres.  A  workman 
during  eight  hours  produces  300,000  kilogramme-metres,  i.e.,  about  four  times  as 
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much  as  the  heart.  As  the  whole  of  the  work  of  the  heart  is  consumed  in  over- 
coming the  resistance  within  the  circulation,  or  rather  is  converted  into  heat, 
the  body  must  be  partly  warmed  thereby — (425-5  gramme-metres  are  equal  to  1 
heat-unit,  i.e.,  the  force  required  to  raise  425*5  grammes  to  the  height  of  1  metre 
may  be  made  to  raise  the  temperature  of  1  cubic  centimetre  of  water  1°  C).  So 
that  204,000  "heat-units"  are  obtained  from  the  transformation  of  the  kinetic 
energy  of  the  heart. 

One  gramme  of  coal  when  burned  yields  8080  heat-units,  so  that  the  heart  yields 
as  much  energy  for  heating  the  body  as  if  about  25  grammes  of  coal  were  burned 
within  it  to  i)roduce  heat. 

94.  BLOOD-CURRENT  IN  THE  SMALLER  VESSELS.— Methods.  —  The 

most  important  observations  for  this  purpose  are  made  by  means  of  the  microscope 
on  transparent  parts  of  living  animals.  Malpighi  was  the  first  to  observe  the  cir- 
culation in  this  way  in  the  lung  of  a  frog  (1661). 

The  following  parts  have  been  employed  :— The  tails  of  tadpoles  and  small  fishes ;  the  web, 
tongue,  mesentery,  and  lungs  of  curarised  frogs ;  the  wing  of  the  bat ;  the  third  eyelid  of  the 
pigeon  or  fowl ;  the  mesentery  ;  the  vessels  of  the  liver  of  frogs  and  newts,  pia  mater  of  rabbits, 
the  skin  on  the  belly  of  the  frog,  the  mucous  membrane  of  the  inner  surface  of  the  human  lip 
{Huter's  Cheilangioscope,  1879);  the  conjimctiva  of  the  eyeball  and  eyelids.  All  these  may  be 
examined  by  reflected  light. 

[Holmgren's  Method.— In  studying  the  circiilation  in  the  frog's  lung,  it  must  be  inflated. 
A  cannula  with  a  bulge  on  its  free  end  is  placed  in  the  larynx,  while  to  the  other  end  is  fixed  a 
piece  of  caoutchouc  tabing.  The  lung  is  inflated  and  then  the  caoutchouc  tube  is  closed,  after 
which  the  lung  is  placed  in  a  chamber  with  glass  above  and  below,  and  examined  microscopic- 
ally.] 

[Entoptical  appearances  of  the  circulation  {Purkinjc,  1815).  Under  certain  conditions  a 
person  may  detect  the  movement  of  the  blood-corpuscles  within  the  blood-vessels  of  his  own 
eye.  The  best  method  is  that  of  Rood,  viz.,  to  look  at  the  sky  through  a  dark  blue  o-lass,  or 
through  several  pieces  of  cobalt  glass  placed  over  each  other  {HdmlioUz).']  ° 

Form  and  Arrangement  of  Capillaries.— Regarding  the  form  and  arrangement  of  the  capil- 
laries, we  find  that—  of 

1.  Thedia7neter  which,  in  the  finest,  permits  only  the  passage  of  single  corpuscles  in  a  row- 
one  behind  the  other— may  vary  from  5  yti  to  2  ^u,  so  that  2  or  more  corpuscles  may  move  abreast 
when  the  capillary  is  at  its  widest. 

2.  The  length  is  about  0-5  mm.    They  terminate  in  small  veins. 

3.  The  number  is  very  variable,  and  the  capillaries  are  most  numerous  in  those  tissues  where 
the  metabolism  is  most  active,  as.in  lungs,  liver,  muscles— less  numerous  in  the  sclerotic  and  in 
the  nerve-tnmks. 

4.  They  form  numerous  anastomoses,  and  give  rise  to  networks,  whose  form  and  arrano-ement 
are  largely  determined  by  the  aiTangement  of  the„tis.sue  elements  themselves.  They  form 
simple  loops  m  the  skm,  &nd  polygonal  networks  in  the  serous  membranes,  and  on  the  surface 
ot  many  gland  tribes  ;  they  occur  in  the  form  of  elongated  networks,  with  short  conuectino- 
branches  m  muscle  and  nerve,  as  well  as  between  the  straight  tubules  of  the  kidney  :  they  con° 
verge  mcZzaZ^y  towards  a  central  point  in  the  lobules  of  the  liver,  and  form  arcjJs  in  the  free 
margins  of  the  ins,  and  on  the  limit  of  the  sclerotic  and  cornea. 

wifW  ^^^^f  f"^  Veins. -Arteries  sometimes  terminate  directly  in  veins, 

uithout  the  intervention  of  capillanes,  e.g.,  in  the  ear  of  the  rabbit,  in  the  terminal  phalanges 
«e  fingers  and  toes  m  man  and  some  animals,  in  the  cavernous  tissue  of  the  penis.  They 
mil  .  wT  1  l**!  f«°ndary  channels  which  protect  the  circulation  of  adjacent  parts,  and  they 
may  also  be  related  to  the  hcat-regulatiug  mechanisms  of  peripheral  parts  (IToi/cr).  1 
nrtnT  T  ^^-f^Ji;  he  termination  of  arteries  in  capillaries,  it  is  important  to  ascertain  if  the 
Sai  artoioir^h^'ft^'w^  V"'  I  '^'^^ '^^^  ^"Y  ftu-the/ anastomoses  with  otfier 

SLvfbifn„  \  •'^'"'^^^  directly  in  cupillaries,  and  thus  only  communicate  by  capillaries 
Thev  breS  un        artemles-or  the  ar  eries  may  anastomose  with  other  arteries  just  before 

CapiUary  Circulation.— On  observing  the  capillary  circulation,  we  notice  that 
tne  red  corpuscles  move  only  in  the  axis  of  the  current  (axial  current),  while  the 
lateral  transparent  plasma-current  flowing  on  each  side  of  this  central  thread  is 

Wr  .°'^<S^-'''-nP"''^''-    t^^^  ^""'^^  more  rapid.]    This  plasma 

layer  or    Poiseuille  s  space  "  is  seen  in  the  smallest  arteries  and  veins,  whei^  i  are 
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taken  \\p  witli  the  axial  current,  and  the  plasma  layer  occaipies  I  on  each  side  of  it 
(lig.  116).    A  great  many,  but  not  all,  of  the  colourless  corpuscles  move  in  this 
layer.    It  is  much  less  distinct  in  the  capillaries,    llud.  Wagner  stated  that  it  is 
absent  in  the  finest  vessels  of  the  lunu-  and  gills,  [although  Gunning  was  unable  to 
confirm  this  statement].    The  coloured  corpuscles  move  in  the  smallest  capillaries 
in  sinff/e  file  one  after  the  other  ;  in  the  larger  vessels,  several  corpuscles  may 
move  abreast,  with  a  c/Jid/nf/  motion,  and  in  their  course  they  may  turn  over  and 
even  be  twisted  if  any  obstruction  is  offered  to  the  blood-stream.    As  a  general 
rule,  in  these  vessels  the  movement  is  uniform,  but  at  a  sharp  bend  of  the  vessel  it 
may  partly  be  retarded  and  partly  accelerated.    Where  a  vessel  divides,  not 
unfrequently  a  corpuscle  remains  upon  the  projecting  angle  of  the  division,  and  is 
doubled  over  it  so  that  its  ends  project  into  the  two  branches  of  the  tube.    There  it 
may  remain  for  a  time,  until  it  is  dislodged,  when  it  soon  regains  its  original  form  on 
account  of  its  elasticity.    Not  unfrequently  we  see  a  red  corpuscle  becoming  bent 
where  two  vessels  meet,  but  on  all  occasions  it  rapidly  regains  its  original  form. 
This  is  a  good  proof  of  the  elasticity  of  the  coloured  corpuscles.    The  motion 
of  the  colourless  corpuscles  is  quite  different  in  character ;  they  vol/  directly 
on  the  vascular  wall,  moistened  on  their  peripheral   zone  by  the  plasma  iu 
Poiseuille's  space,  their  other  surface  being  in  contact  with  the  thread  of  coloured 
corpuscles  in  the  centre  of  the  stream.    Schklarewsky  (1868)  has  .shown  by 
physical  experiments,  that  the  particles  of  least  specific  gravity  in  all  capillaries 
{e.g.,  of  glass)  are  pressed  toward  the  wall,  while  those  of  greater  specific  gravity 
remain  in  the  middle  of  the  stream.    [Graphite  and  particles  of  carmine  were  sus- 
pended in  water,  and  caused  to  circulate  through  capillary  tubes  placed  under  a 
microscope,  when  the  graphite  kept  the  centre  of  the  stream,  and  the  carmine 
moved  in  the  layer  next  the  ^VaU  of  the  tube.] 

When  the  colourless  corpuscles  reach  the  wall  of  the  vessel,  they  must  roll  along, 
partly  on  account  of  their  surface  being  sticky,  whereby  they  readily  adhere  to  the 
vessel,  and  partly  because  one  surface  is  directed  towards  the  axis  of  the  vessel 
where  the  movement  is  most  rapid,  and  where  they  receive  impulses  directly  from 
the  rapidly  moving  coloured  blood-corpuscles  {Danders).  The  rolling  motion  is  not 
always  uniform,  not  unfrequently  it  is  retrograde  in  direction,  which  seems  to  be 
due  to  an  irregular  adhesion  to  the  vascular  wall.  Their  shaver  movement  (10  to 
12  times  slower  than  the  red  corpuscles)  is  partly  due  to  their  stickiness,  and  partly 
to  the  fact  that,  as  they  are  placed  near  the  Avail,  a  large  part  of  their  surface  lies  in 
the  peripheral  threads  of  the  fluid,  which  of  course  move  more  slowly  (in  fact  the 
layer  of  fluid  next  the  wall  is  passive — p.  91). 

[D.  J.  Hamilton  finds  that,  when  a  frog'.s  web  is  examined  iu  a  vertical  iiositioii,  by  far  tlu- 
greater  proportion  of  leucocytes  float  on  the  iipper  surface,  and  only  a  few  on  the  lower  surface, 
of  a  small  blood-vessel.  In  experiments  to  determine  why  the  coloured  corpuscles  float  or  ghde 
exclusively  in  the  axial  stream,  while  a  great  many,  but  not  all,  of  the  leucocytes  roll  m  the 
peripheral  layers,  Hamilton  ascertained  that  the  nearer  the  suspended  body  approaches  to  the 
specific  Gravity  of  the  liquid  in  which  it  is  immersed,  the  more  it  tends  to  occupy  the  centi-e  of 
the  sti-eam.  He  is  of  opinion  that  the  phenomenon  of  the  separation  of  the  blood-corpuscles  ni 
the  circulatincr  fluid  is  due  to  the  colourless  corpuscles  being  specifically  lighter,  and  the  coloured 
either  of  the  same  or  of  verv  slightly  greater  specific  gravity,  than  the  blood-plasma.  Hamilton 
controverts  the  statement  o'f  Schklarewsky,  and  he  finds  that  it  is  the  relative  specific  gravity 
of  a  body  which  ultimately  determines  its  position  iu  a  tube.  These  experiments  point  to  the 
immense  importance  of  a  due  relation  subsisthig  between  the  specific  gra\nty  of  the  blood-plasma 
and  that  of  the  corpuscles.]  „       .  ^  3    i  j.i 

In  the  vessels  fiist  formed  in  the  incubated  egg,  as  well  as  in  young  tadpoles,  the  movement 
of  the  blood  from  the  heart  occurs  in  jerks  (Spallanzani,  1768). 

The  velocity  of  the  blood-stream  is  infiuenced  by  the  diameter  of  the  ve.-<seh,  which 
under<^o  periodic  changes  of  calibre.  This  change  occurs  not  only  in  vessels  pro- 
vided^ith  muscular  fibres,  but  also  iu  the  capillaries,  which  vary  in  diameter, 
owing  to  the  contraction  of  the  cells  composing  their  walls  {[).  96). 
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The  amount  of  water  in  the  hlood  is  of  importance;  when  it  is  increased,  the 
circulation  is  facilitated  and  accelerated  62). 

The  velocity  of  the  blood  is  greater  in  the  pulmonary  than  in  the  systemic 
capillaries  ;  so  that  the  total  sectional  area  of  the  pulmonary  capillaries  is  less  than 
that  of  all  the  systemic  capillaries. 

95.  DIAPEDESIS.— If  the  circulation  be  studied  in  the  vessels  of  the  mesentery,  we  may 
observe  colourless  corpuscles  passing  out  of  the  vessels  in  greater  or  less  numbers  (fig.  116). 
The  mere  contact  with  the  air  suffices  to  excite  slight  inflammation.  At  fiist,  the  colourless 
corpuscles  in  the  plasma-space  move  more  slowly  ;  several  accumulate  near  each  other,  and 
adhere  to  the  walls— soon  they  bore  into  the  wall,  ultimately  they  pass  quite  through  it,  and  may 
wander  for  a  distance  into  the  perivascular 
tissues.  It  is  doubtful  whether  they  pass 
through  the  so-called  "stomata"  which  exist 
between  the  endothelial  cells,  or  whether  the}- 
simply  pass  through  the  cement  substance  be- 
tween the  endothelial  cells  (p.  94).  This  pro- 
cess is  called  diapedesis,  and  consists  of  several 
acts  : — («)  The  adhesion  of  lymph-cells  or 
colourless  corpuscles  to  the  inner  surface  of  the 
vessel  (after  moving  more  slowly  along  the  wall 
up  to  this  point).  (/;)  They  send  processes  into  - 
and  through  the  vascular  Vail,  (c)  The  body 
of  the  cell  is  drawn  after  or  follows  the  processes, 
\\hereby  the  corpuscle  appears  constricted  in 
the  centre  (fig.  116,  c).  {d)  The  complete 
passage  of  the  corpuscle  through  the  wall,  and 

its  farther  motion  in  virtue  of  its  own  amceboid  ,-,„ 
movements.    Heriug  observed  that  in  large  rig.  lib. 

vessels  with  perivascular  lymph-spaces,  the  ^^^'1  vessel  of  a  frog's  mesentery  showing  dia- 
corpuscles  passed  into  the  spaces,  hence  cells  pedesis.  w,  vascular  walls  ;  a,  a,  Poiseuille's 
are  found  in  lymph  before  it  has  passed  through  space  ;  r,  r,  red  corpuscles;  I,  I,  colourless 
lymphatic  glands.  The  cause  of  the  diapedesis  corpuscles  adhering  to  the  wall,  and  c,  c,  in 
is  partly  due  to  the  independent  locomotion  of  ^^^'^ous  stages  of  extrusion  ;  /,  /,  extruded 
the  corpuscles,  and  it  is  partly  a  physical  act,  corpuscles. 

yiz.  a  filtration  of  the  colloid  mass  of  the  cell  under  the  force  of  the  blood-pressure  (Hcring)— 
m  the  latter  respect  depending  upon  the  intravascular  pressure  and  the  velocity  of  the  blood- 
stream. Bering  regards  this  process,  and  even  the  passage  of  the  coloured  corpuscles  through 
the  vascular  wall,  as  a  normal  process.  The  red  corpuscles  pass  out  of  the  vessels  when  the 
venous  outflow  is  obstructed,  which  also  causes  the  transudation  of  plasma  through  the  vascular 
wall.  Ihe  plasma  cames  the  coloured  corpuscles  along  with  it,  and  at  the  moment  of  their 
passage  through  the  wall  they  assume  extraordinary  shapes,  owing  to  the  tension  put  ujion 
them  regaining  their  shape  as  soon  as  they  pass  out  {Oohnheim).  This  remarkable  phenomenon 
was  described  by  ^\  aller  in  1846.  It  was  re-described  by  Cohiihoim,  and  according  to  him  the 
out-wandering  is  a  sign  of  inflammation,  and  the  colourless  corpuscles  which  accumulate  in  the 
tissues  are  to  be  regarded  as  true  pus-corpuscles,  which  mav  undergo  further  increase  by  division. 

atasis  — When  a  strong  stimulus  acts  on  a  vascular  part,  hyperajmic  redness  and  swelUiiq 
occur    Microscopic  observation  shows,  that  the  capillaries  and  the  small  vessels  are  dilated  and 
tZu         ^  blood-corpuscles  ;  in  some  cases,  a  temporary  narrowing  precedes  the  dilatation  : 
-J  *v  7  °^  ^^'^  '^'-"^y  «iere  is  a  temporary  acceleration 

-^  ^"'''''"'^.^^'''ff-  °f  the  stimulus  or  irritant  be  continued,  th^ 

^Itt  becomes  considerable,  the  stream  moves  in  jerks,  then  follows  a  to-and-fro  move- 
W  thp  hi  fl^o'^-^olumn-a  sign  that  stagnation  has  taken  place  in  other  vascular  areas.  At 
wffVw  ''^°°^-«tream  conies  completely  to  a  standstUl-stasis-and  the  blood-vessels  are  iilugged 
\VbilS?v.  ^""^erous  colourless  blood-corpuscles  are  found  in  the  stationarj  blood. 

nn«  n.f  processe.s  are  taking  place,  the  colourless  corpuscles-more  rarely  the  red 

swelTiL  wl,;l  .  ;i    ^''■'^l',  ^^^?"''^1'1<^  circumstances  the  stasis  may  disappear.  The 

^t^:i:^^:ZZ^r^i^°'''  °^  "•"^"^•^^^  ^'^^'^  chieflyduetotl^e^exudation 

.96.  MOVEMENT  OF  THE  BLOOD  IN  THE  VEINS. -In  the  smallest 
vems  coming  from  the  capillaries,  the  blood-stream  is  more  rapid  than  in  the 
capillaries  themselves,  but  less  so  than  in  the  corresponding  arteries.    The  stream 
r        °f  ^'onditions  interfered  with  it,  the  venous  stream 

towards  the  heart  ought  to  be  uniform,  but  many  circumstances  affect  the  stream 
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in  different  parts  oi"  its  course.  Amongst  these  are: — (1)  The  relative  laxncss, 
great  distendbility,  and  the  ready  compressibiliti/  of  the  walls,  even  of  the  thickest 
veins.  (2)  The  incomplete  filling  of  the  veins,  which  does  not  amount  to  any  con- 
siderable distension  of  their  walls.  (3)  The  numerous  and  free  fimtstomose>i  between 
adjoining  veins,  not  only  between  veins  lying  injthe  same  plane,  but  also  between 
superlicial  and  deep  veins.  Hence,  if  the  course  of  the  blood  be  obstructed  in  one 
direction,  it  readily  finds  another  outlet.  (4)  The  presence  of  numerous  valves 
which  permit  the  blood-stream  to  move  only  in  a  centripetal  direction.  They  are 
absent  from  the  smallest  veins,  and  are  most  numerous  in  those  of  middle  size. 

Position  of  Valves. — The  venous  valves  always  have  two  pouches,  ami  are  placed  at  definite 
intervals,  which  con-espond  to  the  1,  2,  3,  or  n"'  power  of  a  certain  "fundamental  distance," 
Avhich  is  =  7  mm.  for  the  lower  extremity  and  5  "5  mm.  for  the  uppei-.  Many  of  the  original 
valves  disappear.  On  the  proxiinal  side  of  every  valve  a  lateral  branch  opeiis  into  the  vein, 
while  on  the  <listal  side  of  each  branch  lies  a  valve.  The  same  is  true  for  the  lymphatics 
{K.  Bardclcbcn). 

Effect  of  Pressure." — As  soon  as  pressure  is  applied  to  the  veins,  the  next  lowest 
valves  close,  and  those  immediately  above  the  seat  of  pressure  open  and  allow  the 
blood  to  move  fi-eely  toward  the  heart.  The  pressure  may  be  exerted  from  without, 
as  by  anything  placed  against  the  body ;  the  thickened  contracted  muscles,  especially 
the  muscles  of  the  limbs,  comjpress  the  veins.  That  the  blood  flows  out  of  a 
divided  vein  more  rapidly  when  the  muscles  contract,  is  shown  during  venesection. 
If  the  muscles  are  kept  contracted,  the  venous  blood  passing  out  of  the  muscles 
collects  in  the  passive  parts,  e.g.,  in  the  cutaneous  veins.  The  pulsatile  pressure  of 
the  arteries  accompanying  the  veins  favours  the  venous  current.  From  a  hydro- 
static point  of  view  the  valves  are  of  considerable  importance,  as  they  serve  to 
divide  the  column  of  blood  into  segments  (e.g.,  in  the  crural  vein  in  the  erect 
attitude),  so  that  the  fine  blood-vessels  in  the  foot  are  not  subjected  to  the  whole 
amount  of  the  hydrostatic  pressure  in  the  veins. 

The  velocity  of  the  venous  blood  has  been  measured  directly  (with  the  hfemadromometer  and 
the  rheometer — §  89).  Volkmann  found  it  to  be  225  mm.  per  sec.  in  the  jugular  vein.  Reil 
observed  that  2^  times  more  blood  flowed  from  an  arterial  orifice  than  from  a  venous  orifice  of 
the  same  size.  The  velocity  of  the  venous  current  obviously  depends  upon  the  sectional  area  of 
the  vessel.  Borelli  estimated  the  capacity  of  the  venous  system  to  be  4  times  gi-eater  than  that 
of  the  arterial ;  while,  according  to  Haller,  the  ratio  is  9  to  4. 

Large  Veins. — As  we  proceed  from  the  small  veins  towards  the  venae  cava?,  the 
sectional  area  of  the  veins,  taken  as  a  whole,  becomes  less,  so  that  the  velocity  of  ih^ 
current  increases  in  the  same  ratio.  The  velocity  of  the  current  in  the  venje  cavae 
may  be  about  half  of  that  in  the  aorta  {Haller).  As  the  pulmonary  veins  are 
narrower  than  the  pulmonary  artery,  the  blood  moves  more  rapidly  in  the  former. 

97.  SOUNDS  WITHIN  AETEEIES.  — The  sonnds  produced  within  arteries  are,  speaking 
strictly  from  a  physical  point  of  view,  only  noises  or  bruits.  Still,  following  Skoda's  lead,  they 
are  spoken  of  by  iihysiciaus  as  "tones."  Clinically,  there  is  no  sharp  distinction  between 
"tones,"  sounds,  noises,  or  bruits.  In  four-fifths  of  all  healthy  men  two  sounds— correspond- 
ing in  duration  and  other  characters  to  the  two  heart-sounds — are  heard  in  the  carotid  (Conrarf, 
Weil).  Sometimes  only  the  second  heart-sound  is  distinguishable,  as  its  place  of  oi'igin  is  nejir 
to  the  carotid.  They  are  not  true  arterial  sounds,  but  are  simply  "  propagated  heart-sounds. " 
Sometimes  the  sound  of  the  pulmonary  artery  can  be  heard  in  this  way  ( Weil,  Bdiclhcim). 
These  murmurs,  sounds,  or  bi  iiits  occur  either  spontaneously,  or  are  produced  by  the  applicalion 
of  external  press7irc,  whereby  the  lumen  of  the  vessel  is  diminished.  Hence  one  distinguishes : 
(1)  Spontaneous  Murmurs,  and  (2)  Pressure  Murmurs. 

Arterial  Sounds  or  murmurs  are  readily  produced  by  pressing  upon  a  strong 
artery,  e.(/.,  the  crural  in  the  inguinal  region,  so  as  to  leave  only  a  narrow  passage 
for  the  blood  ("  stenosal  murmur").  A  fine  blood-stream  passes  with  great 
rapidity  and  force  through  this  narrow  part,  into  a  wider  portion  of  the  artery 
lying  behind  the  point  of  compression.  Thus  arises  the  "  pressure-stream " 
{P.  °Niemeyer),  or  the  "  fluid  vein  "  ("  veine  fluide  "  of  Chauveau).    The  particles 
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of  the  Huid  are  tlirov\'u  into  rapid  oscillation,  and  undergo  vibratory  movements,  and 
by  their  movements  produce  the  sound  within  the  peripheral  dilated  portion  of  the 
tube.  A  sound  is  produced  in  the  fluid  by  pressure  (Corrir/an).  The  sounds  are 
not  caused  by  vibrations  of  the  vascular  wall,  as  supposed  by  Bouillaud. 

A  murmur  of  tliis  sort  is  the  "sub-clavicular  murmur"  {Baser),  occasionally  heard  during 
systole  in  the  .subclavian  artery;  it  occurs  when  the  two  layers  of  the  pleura  adhere  to  the  apex 
of  the  lung  (especially  in  tubercular  diseases  of  the  lungs),  whereby  the  subclavian  artery 
undergoes  a  local  constriction  due  to  its  being  made  tense  and  slightly  curved  {Friedreich). 
This  result  is  indicated  in  a  diminution  or  absence  of  the  pulse-wave  in  the  radial  artery  (  Weil). 

It  is  ob^aous  that  arterial  murmurs  will  occur  in  the  liuman  body : — {a)  When,  owin"  to 
pathological  couditious,  the  arterial  tube  is  dilated  at  one  part,  into  which  the  blood-current  is 
forcibly  poured  from  the  nomial  narrow  tube.  Dilatations  of  this  sort  are  called  aneurisms, 
in  which  murmurs  are  generally  audible.  (&)  When  pressure  is  exerted  iqwn  an  arteiij, 
e.g.,  by  the  pressure  of  the  greatly  enlarged  arteries  during  pregnancy,  or  by  a  large  tumour 
jiressing  upon  a  large  artery. 

Spontaneous  Murmurs.  —In  cases  where  no  source  of  external  pressure  is  discoverable,  and 
when  no  aneurism  is  present,  the  spontaneously  occurring  sounds  are  favoured,  when  at  the 
moment  of  arterial  rest  icardiac  systole)  the  arterial  walls  are  distended  to  the  slightest  extent 
and  when  during  the  movement  of  the  pulse  (cardiac  diastole)  the  tension  is  most  rapid  {Trauhc, 
Weil),  i.e.,  when  the  low  systolic  minimum  tension  of  the  arterial  wall  passes  rapidly  into  the 
high  maximum  tension.  This  is  especially  the  case  in  insufficiency  of  the  aortic  valves,  in 
which  case  the  sounds  in  the  arteries  are  audible  over  a  wide  area.  If  the  minimum  tension  of 
the  arterial  wall  is  relatively  great,  even  during  diastole,  the  sounds  in  the  arteries  are  greatlv 
diminished.  ^ 

Arterial  murmurs  are  favoured  by— (1)  Sufficient  delicacy  and  elasticity  of  the 
arterial  walls.  (2)  Diminished  peripheral  resistance,  e.g.,  an  easy  outflow  of  the 
fluid  at  the  end  of  the  stream.  (3)  Accelerated  current  in  the  vascular  system 
generally.  (4)  A  considerable  difference  of  the  pressure  in  the  narrow  and  wide 
portions  of  the  tube.    (5)  Large  calibre  of  the  arteries. 

In  normal  pulsating  arteries,  sounds  may  be  heard  especially  at  an  acute  bend  of  the  artery 
Murmurs  ot  this  sort  are  loudest  where  several  large  arteries  lie  together;  hence  during 
pregnancy  we  hear  the  uterine  murnvur,  or  placental  bruit,  or  souffle  in  the  greatly  dilated 
uteruie  artenes.  It  is  much  less  distinct  in  the  umbilical  arteries  of  the  cord  (umbilical 
mm-murs).  Similar  sounds  are  heard  through  the  thin  walls  of  the  head  of  infants,  and  a 
murmur  IS  sometimes  heard  in  the  enlarged  spleen  in  ague  {Maissurianz) 

Auscultation  of  the  Normal  Pulse. -On  auscultating  the  radial  arteiy  under  favourable  cir- 
cumstauces,  and  especially  ni  old  t  un  persons  with  wide  arteries  and  dicrotic  pulse,  one  may 
Hear  two  sounds  corresponding  to  the  primary  and  dicrotic  waves 

In  insufficiency  of  the  aortic  valves,  characteristic  sounds  may  be  heard  in  the  crural  artery. 

to  fla  wT„nL'nf  w  '''■*",T'  i^-'^^^'^l'  "^^™^"^  i«  'i^'^i-d  ;  the  iirst  one  is  due 

second  to  t^p  f^nt  1'^  V"!'^       f^^'^  synchronously  with  the  heart-beat,  the 

second  to  the  Jact  that  a  large  quantity  of  blood  flows  back  into  the  heart  durin-  diastole  If 

intiTeTrtp? '^T''?       'T^'  T  ^'^'l         ''^'^  t°  be  due  to  a  wave  Spagated 

into  the  arteries  by  the  auricles  and  ventricles  respectively-compare  §  73  ii-  86  III  In 
atheroma  a  double  sound  may  sometimes  be  heard  (§  73  I    ^  ^>  '-5'  "o- 

th<?HJr°^l]"^f^^^?-^-  ^""i*  de  Diable.-This  sound  is  heard  above 
fvpnn^H  ^'^'"''^  «f  tl^e  sterno-mastoid,  most 

f  equently  on  the  right  side,  and  in  40  per  cent,  of  all  persons  examined.  It  is 
either  a  contmuous  or  a  rhythmical  murmur,  occurring  during  the  diastole  of  the 
iin  Ll  'rf^  "^^P^'^tion;  It  has  a  whistling  or  rushing  character,  or  even  a 
musical  quality  and  arases  within  the  bulb  of  the  common  jugular  4in.  When 

StLr     /'b^'"'"^  ^^''^''''X  P^'"^^^^^  ^^^''^^  by  the  stethoscope,  it  is  a 

pathological  phenomenon.    If,  however,  pressure  be  exerted,  and  if,  a     he  same 

Ed  m  ne^r.^r""'^         ^^}'T^  «ide,  a  similar  sound  is 

an^mirner.nn{      I'T'  P^:*^^°^«gi«^l  ^ruit  de  diable  occurs  especially  in 

inrunaCrsoi      ft  ^T'"''"^' ^ ^""^  scrofulous  person.s,  sometimes 
HZ'SZXmI'  '''''''  l^^^P^^-  ^  ''''' 

narrow  pait  of  the  common  jugular  vein  into  the  wide  bulbous  portion  of  the 
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vessel,  and  seems  to  occur  cliieHy  when  the  walls  of  a  thin  part  of  the  vein  lie  close 
to  each  other,  so  that  the  current  must  purl  through  it.  It  is  clear  that  pressure 
irom  without,  or  lateral  pressure,  as  by  turning  the  head  to  the  opposite  side,  must 
favour  Its  occurrence.  Its  intcndti/  will  be  increased  when  the  velocity  of  the 
stream  is  increased,  hence  iiupiration  and  the  diastolic  action  of  the  heart  (both  of 
which  assist  the  venous  current)  increase  it.  The  erect  attitude  acts  in  a  similar 
manner.  A  similar  bruit  is  sometimes,  though  rarely,  heard  in  the  subclavian, 
axillary,  thyroid,  facial,  innominate  and  crural  veins,  and  superior  cava. 

II.  Eegurgitant  Murmiii-s.  — Oil  making  a  sudden  efTort,  a  murmur  may  be  lieard  in  the 
crural  vein  during  expiration,  which  is  caused  by  a  centrifugal  current  of  blood,  owing  to  the 
incompetence  or  absence  of  the  valves  in  this  region.  If  the  valves  at  the  jugular  bulb  are  not 
tight,  there  may  be  a  bruit  with  expiration  {expiratory  jugular  vein  hrmi^Hamernik),  or 
iluring  the  cardiac  systole  {systolic  jugular  vein  bruit— i;.  Bamberger). 

III.  Valvular  SoundB  in  Veins.— When  the  tricuspid  valve  is  incompetent,  during  the  ven- 
tricular systole,  a  large  volume  of  blood  is  propelled  backwards  into  the  vena  cava;.  The 
venous  valves  are  closed  suddenly  thereby  and  a  sound  produced.  This  occurs  at  the  bulb  or 
dilatation  on  the  jugular  vein  {v.  Bamberger),  and  in  the  crural  vein  at  the  groin  {N.  Friedreich), 
■I.e.,  only  as  long  as  the  valves  are  competent.  Forced  expiration  may  cause  a  valvular  sound 
m  the  crural  vein.    No  sound  is  heard  in  the  veins  under  perfectly  normal  circum.stances. 

99.  THE  VENOUS  PULSE— PHLEBOGRAM. —Methods. —A  tracing  of  the  movements  of 
a  vein,  taken  with  a  lightly  weighted  sphygmograph,  has  a  characteristic  form,  and  is  called  a 
phlebogram  (fig.  117).  In  order  to  interpret  the  various  events  of  the  phlebogram  it  is  most 
important  to  record  simultaneously  the  events  that  take  place  in  the  heart.  The  amicular  con- 
traction (compare  fig.  39)  is  synchronous  with  ab  ;  be,  with  the  ventricular  systole,  during  which 
time  the  first  sound  occurs,  whilst  ab  is  a.  presystolic  movement.  The  carotid  pulse  coincides 
nearly  with  the  apex  of  the  cardiogram,  i.e.,  almost  simultaueously  with  the  descending  limb 
of  the  phlebogram  {Ricgel). 

Occasionally  in  healthy  individuals  a  pulsatile  movement,  synchronous  with  the 
action  of  the  heart,  may  be  observed  in  the  common  jugular  vein.  It  is  either 
confined  to  the  lower  part  of  the  vein,  the  so-called  bulb,  or  extends  farther  up 
along  the  trunk  of  the  vein.  In  the  latter  case,  the  valves  above  the  bulb  are 
insufficient,  which  is  by  no  means  rare,  even  in  health.  The  wave-motion  passes 
from  below  upwards,  and  is  most  obvious  when  the  person  is  in  the  passive 
horizontal  position,  and  it  is  more  frequent  on  the  right  side,  because  the  right  vein 
lies  nearer  the  heart  than  the  left.  It  is  propagated  more  slowly  than  the  arterial 
pulse-wave.  The  venous  pulse  resembles  very  closely  the  tracing  of  the  cardiac 
impulse.    Compare  fig.  117,  1,  with  fig.  39. 

It  is  obvious  that,  as  the  jugular  vein  is  in  direct  communication  with  the  right 
auricle,  and  as  the  pressure  within  it  is  low,  the  systole  of  the  right  auricle  must 
cause  a  positive  wave  to  be  propagated  towards  the  peripheral  end  of  the  jugular 
vein.  Fig.  117,  9  and  10,  are  venous  pulse-tracings  of  a  healthy  person  with 
insufficiency  of  the  valves  of  the  jugular  vein.  In  these  curves,  the  part  a  b 
corresponds  to  the  contraction  of  the  auricle.  Occasionally  this  part  consists  of  two 
elevations,  corresponding  to  the  contraction  of  the  atrium  and  auricle  respectivel3\ 
As  the  blood  in  the  right  auricle  receives  an  impulse  from  the  sudden  tension  of 
the  tricuspid  valve,  synchronous  loith  the  systole  of  the  right  ventricle,  there  is  a 
positive  wave  in  the  jugular  vein  in  fig.  117,  9  and  10,  indicated  by  6,  c.  Lastly, 
the  sudden  closure  of  the  pulmonary  valves  may  even  be  indicated  {e).  As  the 
aorta  lies  in  direct  relation  with  the  pulmonary  artery,  the  sudden  closure  of  its 
valves  may  also  be  indicated  (fig.  91,  9,  at  (/).  During  the  diastole  of  the  auricle 
and  ventricle,  blood  flows  into  the  heart,  so  that  the  vein  partly  collap^ses  and  the 
lever  of  the  recording  instrument  descends. 

Sinus  and  Ketinal  Pulse. — The  blood  in  the  sinuses  of  the  brain  also  undergoes  a  pulsatile 
movement,  owing  to  the  fact  that  during  cardiac  diastole  much  blood  Hows  into  the  veins 
{Mosso).  Under  favourable  circumstances,  this  movement  may  be  propagated  into  the  veins  of 
the  retina,  constituting  the  venous  retinal  2i>dse  of  the  older  observere  {Hclfrcich). 

Pathological  Jugular  Vein  Pulse.  — Tiic  venous  jiulse  in  the  jugular  vein  is  far  better  marked 
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iniimifficieucy  of  Ihc  tricnapid  valve,  and  the  vein  may  pulsate  violently,  but  if  its  valves  be 
perfect,  the  pulse  is  not  propagated  along  the  vein,  so  that  a  pidse  in  the  juijular  vein  is  not 
necessarily  a  sign  of  insufficiency  of  the  tricuspid  valve,  but  only  of  insufficiency  of  the  valve  of 
the  jugular  vein  (Friedreich). 

Liver  PxUse.— The  ventricular  systole  is  propagated  into  the  valveless  inferior  vena  cava,  and 
causes  the  liver  pulse.  With  each  systole  blood  passes  into  the  hepatic  veins,  so  tliat  the  liver 
undergoes  a  systolic  sivelling  and  injection. 

Fig.  117,  2-8,  are  curves  of  the  pulse  in  the  common  jugular  vein.  Although  at  first  sight 
the  curves  appear  to  be  very  ditt'ereut,  they  all  agree  in  this,  that  the  various  events  occurrin"- 
in  the  heart  during  a  cardiac  revolution  are  indicated  more  or  less  completely.  In  all  the 
curves,  a  6= auricular  contraction.  The  auricle,  when  it  contracts,  excites  a  positive  wave  in 
the  veins.  The  elevation,  h  c,  is  caused  by  the  jarge  blood- wave  produced  in  the  veins,  owin" 
to  the  emptying  of  the  ventricle.  It  is  always  greater,  of  course,  in  insuHiciency  of  the  tricuspi3 
valves  than  under  normal  circumstances  (fig.  117,  9  and  10).  In  the  latter  case,  the  closure  of  the 
tricuspid  valve  causes  only  a  slight  wave-motion  in  the  auricle.  The  apex,  c,  of  this  wave  may 
be  higher  or  lower,  according  to  the  tension  in  the  vein  and  the  pressure  exerted  by  the  sphyg- 
mograph.    As  a  general  rule,  at  least  one  notch  (4,  5,  6,  e)  follows  the  apex,  due  to  the 
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c,  closure  of  the  pulmonary  valves  ; 


The  closure  of  the  closelv  adjacent 
c  (as  in  1  and  2,  d).    The  curve  falls 


the  right  ventricle ;  d,  closure  of  the  aortic  valves  • 

c,f,  diastole  of  the  right  ventricle.  ' 
prompt  closure  of  the  valves  of  the  pulmonary  artery 
aortic  valves  may  cause  a  small  secondary  wave  near  to 
towards/,  corresponding  to  the  diastole  of  the  heart 

On  rare  occasions,  a  pulse  occurs  in  the  veins  on  the  back  of  tfiP  h«r,A      1  ■     ^  .^ 

arterial  pulse  being  propagated  through  the  capillaries  into  the  veiJ^  T  ^  f  *° 
normal  circumstances,  when  the  perinheral  pX  Vf  til     f   •  ^ '  f  "I'ly  occur  under 
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100.  DISTRIBUTION  OF  THE  BLOOD.— Li  the  rabbit,  one-fourth  of  the 
total  amount  of  the  blood  i«  found  in  each  of  the  following : — a,  in  the  passive 
muscles;  b,  in  the  liver;  c,  in  the  organs  of  the  circulation  (heart  and  great 
vessels) ;  d,  in  all  other  parts  together. 

Methods.— The  methods  adopted  do  not  give  e.xact  results.  J.  Ranke  ligatured  the  parts 
during  life,  removed  them,  and  investigated  the  amount  of  blood  while  the  tissues  were  still 
warm. 

Influencing  Conditions. —The  amount  of  blood  is  influenced  by— (1)  the  anatomical  dis- 
tribution of  the  vessels  (vascularity  or  the  reverse)  as  a  whole  ;  (2)  the  diameter  of  the  vessels, 
which  depends  upon  physiological  causes— («)  on  the  blood-pressure  within  the  vessels  ;  {b)  on 
the  condition  of  the  vaso-motor  or  vaso-dilator  nerves  ;  (c)  on  the  condition  of  the  tissues  them- 
selves, e.g.,  the  vessels  of  the  intestine  during  absorption  ;  by  the  vessels  of  muscle  during 
muscular  contraction  ;  of  vessels  in  inflamed  parts. 

The  most  important  factor,  however,  is  the  state  of  activity  of  the  organ  itself ; 
hence,  the  saying,  "  ubi  irritatio,  ibi  affluxus."  We  may  instance  the  congestion 
of  the  salivary  glands  and  the  gastric  mucous  membrane  during  digestion,  and  the 
increased  vascularity  of  muscles  during  contraction.  As  the  activity  of  organs 
varies  at  different  times,  the  amount  of  blood  in  the  part  or  organ  goes  Imnd  in  iuind 
xoith  the  variations  in  its  states  of  activity.  When  some  organs  are  congested,  others 
are  at  rest ;  during  digestion,  there  is  muscular  relaxation  and  less  mental  activity  : 
violent  muscular  exertion  retards  digestion — during  great  congestion  of  the 
cutaneous  vessels  the  activity  of  the  kidneys  diminishes.  Many  organs  (heart, 
muscles  of  respiration,  certain  nerve-centres)  seem  always  to  be  in  a  nearly  uniform 
state  of  activity  and  vascularity.  During  the  activity/  of  an  organ,  the  amount  of 
blood  in  it  may  be  increased  30  per  cent.,  nay,  even  47  per  cent.  The  motor 
organs  of  young  muscular  persons  are  relatively  more  vascular  than  those  of  old 
and  feeble  persons  (/.  Ranke).  In  the  condition  of  increased  activity,  a  more 
rapid  reneival  of  the  blood  seems  to  occur  ;  after  muscular  exertion  the  duration  of 
the  circulation  diminishes  ( Vierordt). 

During  a  condition  of  mental  activity,  the  carotid  is  dilated,  the  dicrotic  wave  in  the  carotid 
curve  is  increased  (the  radial  shows  the  opposite  condition),  and  the  pulse  is  increased  in 
frequency  {Glcy). 

Age. — The  dcuclojimcni  of  the  heart  mid  large  vessels  determines  a  different  distiibution  of 
the  blood  in  the  child  from  that  which  obtains  in  the  adult.  The  heart  is  relatively  small  from 
infancy  up  to  puberty,  the  vessels  are  relatively  large  ;  while  after  puberty  the  heart  is  large,. 
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Fig.  118. 

Mosso's  plethysmograph.  G,  glass-vessel  for  holding  a  limb  ;  F,  flask  for  varying  the  water- 
pressure  in  G  ;  T,  recording  apparatus, 
arid  the  vessels  are  relatively  smaller.  Hence  it  follows  that  the  blood-pressure  in  the  arteries 
of  the  systemic  circulation  must  be  lower  in  the  cliild  than  in  the  adult.  The  pulmonary  artery 
is  relatively  wide  in  the  child,  while  the  aorta  is  relatively  small  ;  after  puberty  both  vessels 
have  nearly  tlic  same  size.  Hence,  it  follows  that  the  blood-pressure  in  the  pulmonary  vessels 
of  the  child  is  relatively  higher  than  that  in  the  adult  (Bcnckc). 

101.  PLETHYSMOGRAPHY.— In  order  to  estimate  and  register  the  amount 
of  blood  in  a  limb  Mosso  devised  an  instrument  (fig.  118),  which  he  termed  a 
plethysmograph. 


TEANSFUSION  OF  BLOOD. 

It  consists  of  a  Ion-,'  cylindrical  glass-vessel,  G,  suited  to  accommodate  a  limb.  The  0])eninff 
through  which  tlie  limb  is  introduced  is  closed  with  caoutchouc,  and  the  vessel  is  lilled  with 
water.  There  is  an  opening  in  the  side  of  the  vessel  in  which  a  manometer  tube,  iilled  to  a 
certain  height  witli  water,  is  fixed.  As  the  arm  is  enlarged  owing  to  the  increased  supt)ly  of 
arterial  blood  passing  into  it  at  each  pulse-beat,  of  course  the  water  column  in  the  manometer 
is  raised.  Fick  placed  a  Hoat  upon  the  surface  of  the  water,  and  thus  enabled  the  variations  in 
the  volume  of  the  Huid  to  be  inscribed  on  a  revolving  cylinder.  The  curve  obtained  resembled 
the  pulse-curve  ;  it  was  even  dicrotic.  In  fig.  118  the  movement  of  the  fluid  is  represented  as 
conveyed  to  a  Marey's  tambour,  T,  similar  to  the  recording  apparatus  employed  in  Brondgeest's 
pansphygmograph  (fig.  76). 

The  cylinder  C  may  be  filled  with  air.  Kries  fills  it  Avitli  gas  and  connects  the  tube  leading 
to  T  to  a  gas-burner.    The  variations  in  the  gas-ilame  are  then  photographed. 

Results.— (1)  Pulsatile  Variations  in  the  Volume.— As  the  venous  current  is 
regarded  as  uniform  in  the  passive  limb,  every  increase  of  the  volume-curve 
indicates  a  greater  velocity  of  the  arterial  current  towards  the  periphery,  and  vice 
versd  (Fick).  The  curves  registered  by  the  apparatus  are  volume-pulses,  'and  they 
resemble  the  curve  of  the  dromograph  (fig.  11.3,  III).  The  ascent  of  the  curve 
indicates  a  greater,  the  descent  a  diminished  inflow  of  arterial  blood. 

At  first  siglit  the  plethysmogi'aph  curve  (volume-pulse,  §  90,  7)  is  very  like  the  pulse-curve 
(pressure  pulse) ;  both  are  dicrotic.  But  there  are  differences  ;  the  volume  pulse-curve  beyond 
the  apex  falls  more  rapidly.  This  rapid  fall,  which  is  not  accompanied  by  a  corresponding  fall 
of  the  pressure,  is  attributed  by  v.  Kries  to  peripheral  reflexion.  The  dicrotic  wave  occurs 
sooner  m  tlie  volume-imlse  than  in  the  pulse-curve. 

(2)  The  respiratory  undulations  correspond  to  similar  variations  in  the  blood- 
pressure  tracing  (§  85,/').    Vigorous  respiration  and  cessation  of  the  respiration 
cause  a  diminution  of  the  volume.    The  limb  swells  during  straining  and  coughing 
but  diminishes  during  sighing.    (3)  Certain  periodic  undulations  occur,  due  to 
the  regular  periodic  contractions  of  the  small  arteries.    (4)  Other  undulations,  due 
to  various  accidental  causes,  affect  the  blood-pressure  :  changes  of  the  position  of 
a  hmb  acting  hydrostatically,  and  dilatation  or  contraction  of  the  vessels  in  other 
vascular  regions.    (5)  Movement  of  the  muscles  of  the  limb  under  observation 
causes  diminution  of  volume,  as  the  venous  current  is  accelerated,  the  musculature 
IS  also  very  slightly  diminished  in  volume,  even  when  the  intra-muscular  vessels  are 
dilated.    (6)  Mental  exercise  causes  a  diminution  in  the  volume  of  the  limb  and 
so  does  sleep  (Mosso).    il/tmc  influences  the  blood-pressure  in  dogs,  the  pressure 
rising  or  falling  under  different  conditions.    The  stimulation  of  the  auditory  nerve 
IS  transmitted  to  the  medulla  oblongata,  where  it  acts  so  as  to  cause  acceleration  of 
the  action  of  the  heart  (Dogiel).    (7)  Compression  of  the  afferent  artery  causes  a 
decrease,  and  compression  of  the  vein  an  increase  in  the  volume  of  the  limb  {Mosso) 
(b   btimulation  of  the  vaso-motor  nerves  causes  a  decrease,  that  of  the  vaso- 
dilators an  increase  in  the  volume  {Bowditch  and  Warren). 

102.  TRANSFUSION  OF  BLOOD. -Transfusion  is  the  introduction  of  blood 
from  one  ammal  into  the  vascular  system  of  another  animal 

{a)  The  red  corpuscles  are  the  most  important  elements  in  connection  with  the 

Wnn7wv\PrT  Tl^^yseem  to  preserve  their  functions  even  in 

blood  which  has  been  defibrinated  outside  the  body  (§  4  A) 

■JuUf"  K®f' the  gases  present  in  the  blood!  arterial  blood  never  acts 
n  ur  ously  ;  but  venous  blood  overcharged  with  carbonic  acid  ought  only  to  be 
C^bl      'J     "  ^^^P^'^-.t;^^.  ^«  sufficient  to  oxygenate  the  blood  as  it  passes 
SoT  Tf  '7  capillaries,  whereby  venous  is  transformed  into  arterial 

thp  tin  J  K  '■"'P""^.*°5y  movements  have  ceased,  or  are  imperfectly  performed, 
W    ft  '"P'^^r,  'f^''  '\  '"^"^"^^^  ^^^d'  ^'^d  in  this  conditio?  Caches  the 

(t  ill    «  IS  propelled  into  the  blood-vessels  of  the  medulla  oblongata,  where 

vuirns'andEh.'"^  ^""^^"^  --"^  ^M^--  -n- 

(c)  The  fibrin,  and  the  substances  from  which  it  is  formed,  do  not  seem  to  play 
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any  part  in  connection  with  the  restorative  powers  of  the  blood  ;  hence,  defibrinated 
blood  performs  all  the  functions  of  non-defibrinated  blood  within  the  body  {Panum, 
Landois). 

(d)  The  investigations  of  Worm  Miiller  showed  that  an  excess  of  83  per  cent,  of 
blood  may  be  transfused  into  the  vascular  system  of  an  animal  (dog)  without  pro- 
ducing any  injurious  effects.  Hence  it  follows  that  the  vascular  system  has  the 
power  of  accommodating  large  quantities  of  blood  within  it.  That  the  vascular 
system  can  accommodate  itself  to  a  diminished  amount  of  blood  has  been  known 
for  a  long  time  (§  85,  c).  [It  is  very  important  to  observe  that  the  transfusion  of 
a  large  quantity  of  blood  does  not  materially  or  permanently  raise  the  blood- 
pressure.] 

When  Employed.— The  transfusion  of  blood  is  used — (1)  in  acute  anaemia 

(§  4:1,  I),  e.(/.,  after  copious  hajmorrhage.  New  blood  (150  to  500  c.c),  from  the 
.same  sjjecies  of  animal,  is  introduced  directly  into  the  vessels,  to  supply  the  place  of 
the  blood  lost  by  the  hannorrhage. 

(2)  In  cases  of  poisoning,  where  the  blood  has  been  i-endered  useless  by  being 
mixed  with  a  poisonous  substance,  and  hence  is  unable  to  support  life.  In  such 
cases  remove  a  considerable  quantity  of  the  blood,  and  replace  it  by  fresh  blood. 
Carbonic  oxide  is  a  poison  of  this  kind,  and  its  effects  on  the  body  have  already 
been  described  (§  16).  A  similar  practice  is  indicated  in  poisoning  with  ether, 
chloral,  chloroform,  opium,  morphia,  strychnine,  cobra  poison,  and  such  substances 
as  dissolve  the  blood-corpuscles,  <'.(/.,  potassic  chlorate. 

(3)  Under  certain  pathological  conditions,  the  blood  may  become  so  altered  in 
quality  as  to  be  unable  to  support  life.  The  morphological  elements  of  the  blood 
may  be  altered,  and  so  may  the  relative  proportion  of  its  other  constituents. 
Amongst  these  conditions  may  be  cited  the  pathological  condition  of  uraemia,  due, 
it  may  be,  to  the  accumulation  of  urea  or  the  products  of  its  decomposition  within 
the  blood  ;  accumulation  of  the  biliary  constituents  in  the  blood,  and  great  increase 
of  the  carbonic  acid.  All  these  three  conditions,  when  very  pronounced,  may  cause 
death.  In  these  cases,  part  of  the  impure  blood  may  be  replaced  by  normal  human 
blood. 

Amongst  conditions  where  the  morphological  constituents  of  the  blood  are  altered 
qualitatively  or  quantitatively  are  :  hydrsemia  (excessive  amount  of  water  in  the 
blood,  §  41,  1)  ;  oligocytliEemia  (abnormal  diminution  of  red  blood-corpuscles). 
When  these  conditions  are  highly  developed,  more  especially  in  pernicious  anaemia 
(§  10,  2),  healthy  blood  may  be  substituted.  Transfusion  is  not  suited  for  persons 
suffering  from  leukaemia  (compare  p.  18). 

After-Effects. — A  quarter  or  half  an  hour  after  normal  blood  has  been  injected 
into  the  blood-vessels  of  a  man,  there  is  a  greater  or  less  febrile  reaction,  according 
to  the  amount  of  blood  transfused  (Fever,  §  220.) 

Operation. — The  operative  procedure  to  be  adopted  in  the  process  of  transfusion  varies  accord- 
ing as  defibrinated  or  non-defibrinated  blood  is  used.  In  order  to  defibrinate  blood,  some  blood 
is  withdrawn  from  a  vein  of  a  Jiealthy  man  in  the  ordinary  way,  collected  in  an  open  vessel,  and 
whipped  or  beaten  with  a  glass  rod  until  all  the  fibrin  is  completely  removed  from  it.  It  is 
then  filtered  through  an  atlas  filter,  heated  to  the  temperature  of  the  body  (by  placing  it  in 
a  vessel  in  warm  water),  and  injected  by  means  of  a  syringe  into  an  artery  opened  for  the 
purpose.  A  vein  {e.g.,  basilic  or  great  saphenous)  maybe  selected  for  the  transfusion,  in  which 
case  the  blood  is  driven  inward  in  the  direction  of  the  heart ;  if  an  artery  is  selected  (radial 
or  posterior  tibial)  the  blood  is  injected  towards  the  periphery  {Hiiler),  or  towards  the  heart 
{Landois,  Schdfcr). 

If  non-defibrinated  human  blood  is  used,  the  blood  may  be  passed  directly  from  the  arm  of 
the  giver  to  the  arm  of  the  receiver  by  means  of  a  fiexible  tube.  The  tube  used  must  be  filled 
with  normal  saline  solution  to  prevent  the  entrance  of  air.  [J.  Duncan  collects  the  blood  shed 
during  an  operation  in  a  5  per  cent,  solution  of  sodic  phosphate  {Pavij),  and  injects  the  mixture 
especially  where  much  blood  has  been  lost  previously.] 

Dangers.— It  is  most  important  that  no  air  be  allowed  to  puss  into  the  circulation,  for  if  it  be 
introduced  in  sutiicient  (juantity  it  may  cause  death.   When  air  enters  the  circulation  it  reaches 
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tl'^X"^      ^'"^"^i  '?iT' *°       »i°^ement  of  the  blood,  it  forms  air-bubbles  and 
vWh  fl,     K  •  "^'e  Pumned  into  the  branches  of  the  pulmona.y  artery  "n 

P»w+«  ^  ""P-^cted  arrest  the  pulmonary  circulation,  and  rapidly  cause  death. 

Peritoneal  Tranfltiision  -Keccntly  tL  injection  of  defibrinated  blood  into  the  peritoneal 
camty  has  been  recommended  The  blood  so  injected  is  absorbed  {Ponfiok).  Even  after  twenlv 
minutes  the  number  ot  blood-corpuscles  in  the  blood  of  the  recipient  (i-abbit)  isTnc  eased  an^ 
the  number  is  greatest  on  the  hrst  or  second  day.  The  operation,  however,  may  cause  d'eath 
and  one  fatal  case,  ow.ng  to  peritonitis,  is  recorded  (.1/..^^-).  It  is  eviden  that  this  rnethod 
of  transfusion  is  not  applicable  in  cases  where  blood  must  be  introduced  into  tl.e  c  rculSn  as 
rapidly  as  possible  after  severe  haemorrhage  or  in  certain  cases  of  poisoning.  [Blood  has 
been  injected  into  the  subcutaneous  cellular  tissue  of  the  abdomen  in  cases  of  great  deb  Htv 

Heterogeneous  Blood.-5%«  hlood  of  animals  ought  never  to  he  transfused  ilo  the  Uoodlssels 
of  via,n.  It  is  to  be  remembered  however,  that  the  blood-corpuscles  of  the  sheep  airran  S 
duisolved  by  human  blood  so  that  the  active  constituents  of' the  blood  are  rendei^^d  nsdess 

fha^^^'f^lf  Kood-Corpuscles.-The  serum  of  dog's  blood  is  a  powerful  solvent  while 

that  of  the  blood  of  the  horse  and  rabbit  dissolves  corp°uscles  relatively  sloX  S'bTood 
corpuscles  of  mamma  s  vary  very  greatly  with  reference  to  tlieir  power  to  esist  the  soW 
action  of  the  serum  of  other  animals.  The  red  blood-corpuscles  of  rabbits'  blood  a  e  ranX 
dissoh-ed  by  the  blood-serum  of  other  animals,  whilst  those  of  the  cat  and  dl  resist  ti  e 
solvent  action  much  longer.  Solution  of  the  corpuscles  occurs  in  defibrinated  as  well  L  ?,? 
ordinary  blood.    When  the  blood  of  a  rabbit  or  lamb  is  injected  into  the  b  ood^vesseirof  a  doJ 

Sn^dsTbltd^el/^^  ''''  — 

f.S:ir  p^£t^^~-^^       ^^.^^0.  a  diS^rent  species)  is  trans- 

coSlsttfof  S^r'KScle:  thth'a^^  ^"^^  ^^^^^^  ~. 

up  their  Ti^moglobin   leS^the  str^^^^^^  •  ^fte'' ^  ^me  they  giv; 

occlude  fine  vessels  (§  31)      "  '  ^^"^"^^  ^  "'^'^^y  hbrin-like  mass  that  may 

(Naumjn  and  Francken)  '^J'^'^t'on  ot  dissolved  hmmoglobni  causes  extensive  coagulations 

deatet^dr^^^^^^^^^^^  and  in  the  larger  vessels,  and  may  cause 

peitTs'S  aecXSf  of  the  fibrin-ferment  (g  30), 

to  the  air  gradually  lofes  this  ^frt^  and  tSe  fi^l  f '  '^''T't'-  ■  H«'moglobin  exposed 
^^tscl?£±r^^^^  "  contact  with  h.mo- 

JXfslgSf  tr^T^c^fla^tir t^^^^  °f  -^^f-  of  the  vessels,  there 

of  lamb's  Elood,  the  skin  is  bkisT?ed   fn  .ll^  fT"^'  ^^^^^  transfusion 

cutaneous  vessels.  Difficulty  r  breathina  onnn «t^g"^tion  of  blood  in  the 
lung;  while  there  maybe  r^m'e  of  iZnh/.r  °^f™<=t^°P  capillaries  of  the 

tion.    The  dyspncea  may  inSse    esSaflv  wh^^^^^^  ''fi"^  sanguineous  expectora- 

oblongata-the  seat  of  the  respSry  cSre^i^S  <^":c"lation  through  the  medulla 
the  same  reason,  increased  i^c^riL'Sr^vacua^i^n  o  t1?/  }^        ^^'sestive  tract,  for 

abdominal  pain  may  occur  These  i)henor^Pn.  the  contents  of  the  rectum,  vomiting,  and 
the  circulation  in  the  int  stinil  vestlTcaTsrin^^^  ^'^^^  *l^a*  disturbances  of 

of  the  parenchyma  of  the  kid^m,  occurs  as  a  es  ,U  nf  pensta  tic  movements.  Degeneration 
The  uriniferous  tubules  become  pWed  with  cvHndep  occlusion  of  some  of  the  renal  vessels, 
to  the  occlusion  of  numerous  sm^ll  muscX  bra,^^  coagulated  albumin  {Ponjick).  Owing 
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fusion  of  hetorogoneous  blood  §  200).  When  many  vessels  are  occluded,  rupture  of  some  small 
blood-vessels  may  take  place  '1  his  explanis  the  occurrence  of  slight,  yet  persistent  hajn.orrhages, 
which  occur  on  the  free  surfaces  ol  the  mucous  and  serous  membranes,  and  in  the  parenchym^ 
of  organs,  as  well  as  in  wounds.    The  blood  coagulates  with  difliculty,  and  imperfectly. 

Transfusion  of  other  F  uids.  -Other  substances  have  been  transfused.  Nomal  saline  solu- 
tion (0-6  ner  cent  NaCl),  or  serum  from  the  same  species,  aids  the  circulation  in  a  purely 
mechanical  way  {(^oUz)  and  it  even  excites  the  circulation  {Krmieclccr).  In  severe  an*inia  this 
fluid  cannot  maintain  life  {Eulcnhurg  and  Laiidois).  The  injection  of  peptone  even  in  moderate- 
amount,  is  dangerous  to  life,  as  it  causes  paralysis  of  the  vessels  (p.  32). 


The  Blood-Glands. 


C«psule. 


Ti'ttbeculte. 


?T^f  SPLEEN.— Structure. -The  spleen  is  covered  by  the  peritoneum,  except  at 
the  hilum.    Under  this  serous  covering  there  is  a  tough,  thick,  elastic,  librous  capsule,  which 

closely  invests  the  organ  and  gives  a  covering  to 
the  vessels  which  enter  or  leave  it  at  the  hilum,  so 
that  fibrous  tissue  is  carried  into  the  organ  along 
the  course  of  the  vessels  (lig.  119).  [The  capsule 
cannot  be  separated  without  tearing  the  splenic 
pulp.]  Numerous  trabeculse  pass  into  the  spleen 
from  the  deep  surface  of  the  capsule,  where  they 
branch  and  anastomose  so  as  to  produce  a  network 
of  sustentacular  tissue,  which  is  continuous  with 
the  connective-tissue,  prolonged  inwards  and  sur- 
rounding the  blood-vessels  (fig.  120).  Thus,  the 
connective-tissue  in  the  spleen,  as  in  other  viscera, 
is  continuous  throughout  the  organ.  In  this  way 
an  irregular  dense  network  is  formed,  comparable 
to  the  meshes  of  a  bath  sponge.  [This  network 
is  easily  demonsti-ated  by  washing  out  the  jjulp 
lying  in  its  meshes  by  means  of  a  stream  of  water,, 
when  a  beautiful  soft  semi-elastic  network  or 
framework  of  rounded  and  flattened  threads  is 
obtained.]  The  capsule  (fig.  119)  is  composed  of 
interlacing  bundles  of  connective-tissue  mixed 
with  numerous  fine  fibres  of  elastic  tissue  and 
some  non-striped  muscular  fibres. 

Reticulum.  — Within  the  meshes  of  the  trabecu- 
lar framework  there  is  disposed  a  very  delicate 
network  or  reticulum  of  adenoid  tissue,  which, 
with  the  other  coloured  elements  that  fill  up  the 
meshes,  constitutes  the  splenic  pulp  (fig.  121).  The 
reticulum  is  continuous  with  the  fibres  of  the 
trabeculse.  [If  a  fine  section  of  the  spleen  be 
"  pencilled  "  in  water,  so  as  to  remove  the  cellular 
elements,  the  preparation  presents  much  the  same 


Malpighian 
corpuscles. 


Splenic  pulp.  — 


Trabecula. 


Blood-vessel  in 
a  ti  abecula. 


Fig.  119. 
Section  of  human  spleen  x  10 
times. 

characters  as  a  section  of  a  lymph-gland  similarly  treated,  viz.,  a  very  fine  network  of  adenoid 
tissue,  continuous  with,  and  surrounding  the  walls  of,  the  blood-vessels.  The  spaces  of  this 
tissue  are  filled  with  lymph-and  blood-corpuscles.  ] 

The  pulp  is  a  dark  "reddish-coloured,  semi-fluid  material,  which  may  be  squeezed  or  washed 
out  of  the  meshes  in  which  it  lies.  It  contains  a  large  number  of  coloured  blood-coqDUScles, 
and  becomes  brighter  when  it  is  exposed  to  the  action  of  the  oxygen  of  the  air. 

Blood- Vessels  and  Malpighian  Corpuscles. — The  large  splenic  artery,  accompanied  by  a  vein, 
splits  up  into  several  branches  before  it  enters  the  spleen.  Both  vessels  and  their  branches 
are  enclosed  in  a  fibrous  sheath,  which  becomes  continuous  with  the  trabecular  The  smaller 
branches  of  the  artery  gradually  lose  this  fibrous  investment,  and  each  one  ultimately  di\ndes 
into  a  group  or  pencil  of  arterioles  or  penicilli,  tohich  do  not  anastomose  with  each  other.  [Thus 
each  branch  is  terminal— a  condition  which  is  of  great  importance  in  connection  with  the  iiatho- 
logy  of  embolism  or  infarction  of  the  vessels  of  the  spleen.]  At  the  points  of  division  of  the 
branches  of  the  artery,  or  scattered  along  their  course,  arc  small  oval  or  globular  masses  of 
adenoid  tissue  Un  to  ^  inch  in  diameter),  the  Malpighian  corpuscles.  [These  bodies  are 
visible  to  the  naked  eye  as  small,  round,  or  oval  white  structures,  about  the  size  of  millet  seed, 
in  a  section  of  a  fresh  spleen.  They  are  very  numerous— [70,000  in  man]— and  are  readily 
detected  in  the  dark  reddish  pulp.    One  must  be  careful  not  to  mistake  sections  ot  the  trabecula? 
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for  them.  These  corpuscles  consist  of  adenoid  tissue,  who.se  meshes  are  tilled  with  Ivnmh 
■corpuscles,  and  they  present  exactly  the  same  structure  as  the  solitary  follicles  of  the  intestine 

(§  197).  They  are  small  lyni- 
phatic  accumulations  around 
the  arteries  —  peri-arterial 
masses  of  adenoid  tissue  similar 
to  tlio.se  mas.scs  that  occur  in  a 


Fig-  120.  Fig.  121. 

Trabeculaj  of  the  spleen  of  a  cat  with  the  splenic  pulp  washed  '        Adenoid  reticulum  of 

out.    a,  trabecula ;  b,  vein.  spleen  of  eat. 

.sUghtly  diflerent  form  in  other  organs,  e.g.,  the  lungs.  In  a  section  of  the  spleen  the  artery 
may  pass  through  the  centre  of  the  mass  or  through  one  side  of  it,  and  in  some  cases  the  tissue 
IS  collected  unequally  on  opposite  sides  of  the  vessel,  so  that  it  is  lob-sided  They  are  not 
surrounded  by  any  special  envelope.  In  some  animals  the  lymphatic  tissue  is  continued  for  some 
distance  along  the  small  arteries,  so  that  to  some  extent  it  resembles  a  peri-vascular  sheath  of 
adenoid  tissue  In  a  well-injected  spleen,  a  few  fine  capillaries  are  to,  be  found  within  these 
corpuscles.  The  capillaries  distributed  in  the  substance  of  the  Malpighian  corpuscle  (fie  122^ 
form  a  network,  and  ultimately  pour  their  blood  into  the  spaces  in  the  pulp.  According  to 
Cadiat,  the  corpuscles  are  separated  from  the  ^  "luuig  lo 

splenic  pulp  by  a  lymphatic  sinus,  which  is 
traversed  by  eft'erent  capillaries  passing  to  the 
pulp  (fig.  122).] 

Connection  of  Arteries  and  Veins.  It  is 

very  difficult  to  determine  what  is  the  exact 
mode  of  termination  of  the  arteries  within  the 

spleen,  more  especially  as  it  is  extremely  diffi- 

cult  to  inject  the  blood-vessels  of  the  spleen. 

According  to  Stieda,  and  others,  the  fine 
"capillary  arteries"  formed  by  the  division 

of  the  small  arteries  do  not  open  directly 

into  the  capillary  veins,  but  the  connection 

between  the  arteries  and  veins  is  by  means  of 

the  "intermediary  intercellular  spaces"  of 

the  reticulum  of  the  spleen,  so  that,  according 

to  this  view,  there  is  no  continuous  channel 

lined  throughout  by  epithelium  connecting 

these  vessels  one  with  another.    Thus  the 

blood  of  the  spleen  flows  into  the  spaces  of  the 

adenoid  reticulum  just  as  the  lymph-stream 

flows  through  tlie  spaces  in  a  lymph-gland 

According  to  Billroth  and  Kolliker,  a  closed  ivt  i  •  i  •  ,  . 

blood-channel  actually  does  exist  between  the  ^^^'P^S'"^"  corpuscle  of  a  cat's  spleeu  injected, 
capillary  arteries  and  the  veins,  con.sistinc'     «.  f  I'tery ;  6,  meshes  of  the  ^lulp  injected; 
of  dilated  spaces  (similar  to  those  of  erectile        '^'^'l  ^^^^ery  of  the  corpuscle  ramifying  in  the 
tissue).   These  intermediary  spaces  are  said  to     ^y'^P'^^'tic  tissue  composing  it. 
the 'Z?'*^  '*"!i'^  by  spindle-shaped  epithelium,  which  abuts  externally  on  the  reticulum  of  • 
herrieina^HX  Frey  owing  to  the  walls  of  the  tern.inal  vessel  eint  ii  omStf 

spaces  o  tL  adenoS  Zue  of'  7''%*^ •'^^il  '"""'^'''"'^  ^lood  passes  ee7into 

amon'st  the  nebbles  o    t\  lil  "  t?"  ^  '"^^  ^«       ^^^"^  °f  ^  "^^r  ^^ay 
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Elements  of  the  Pulp  (lif;.  123).— Tlio  nioiphological  elements  are  very  various— (1) 
Lymph -corpuscles  of  various  sizes,  sometimes  partly  swollen,  and  at  other  times  with  granular 
contents.    (2)  Red  blood-uoriJuseles.    (3)  Transition  forms  between  1  and  2  [although  this  is 

dejiied  by  .some  observers  (tj  7,  C)].  (4)  Cells  containing  red  blood- 
corpuscles  and  ingment  granules.  [These  cells  exhibit  amceboid 
movements.]    (Compare  §  8.) 

(Lymphatics  undoubtedly  arise  within  the  spleen,  but  they  are 
not  numerous.  There  are  two  systems— a  superficial  or  capsular, 
and  trabecular  system  ;  and  a  peri-vascular  set.  The  superficial 
lymphatics  in  the  capsule  are  rather  more  numerous.  Some  of  them 
seem  to  communicate  with  the  lymphatics  within  the  organ  (Tomnu, 
KblUTccr).  In  the  horse's  spleen  they  communicate  with  the  lym- 
jihatics  in  the  trabecuhe,  and  with  the  peri-vascular  lymphatics. 
The  exact  mode  of  origin  of  the  peri-vascular  system  is  unknown, 
but  in  part  at  least  it  begins  in  the  spaces  of  the  adenoid  tissue  of 
the  Malpighian  corpuscles  and  peri-vascular  adenoid  tissue,  and 
-  I'lins  along  the  arteries  towards  the  hilum.    There  seem  to  be  no 

Fig.  123.  afferent  lymphatics  in  the  spleen  such  as  exist  in  a  lymphatic 

Elements  of  human  splenic  S^™*^"-! 

pulp.  1,  colourless  cells-  ^"'^  nerves  of  the  spleen  are  composed  for  the  most  part  of  non- 
2,  endothelium  ;  3,  col-  medullated  nerve-fibres,  and  run  along  with  the  artery.  Their  exact 
oured  blood-corpuscles  •  °^  termination  is  unknown,  but  they  probably  go  to  the 

4,  cells  containing  o-ran -'  blood-vessels  and  to  the  muscular  tissue  in  the  capsule  and  trabeculae. 
ules,  the  upper  one  "with  ^^^'^y  ^^'"^  ^^^^  ^^^^  t^^^  spleen  of  the  ox,  and  in  their  course  very 
a   colourless   blood-cor-  g^nglin,  placed  wide  apart,  have  been  found  by  Remak  and 

puscle,  h,  enclosed.  ^;,^^*"'.^^"pJ 

Chemical  Composition.— Several  of  the  more  highly  oxidised  stages 
of  albuminous  bodies  exist  in  the  spleen.  Besides  the  ordinary  constituents  of  the  blood, 
tliere  exist  : — leucin,  tyrosin,  xanthin,  hypoxanthin  ;  lactic,  butyric,  acetic,  formic,  succinic, 
and  uric  acids,  and  perhaps  glycero-phosphoric  acid  (.SaZZToiosK) ;  cholestevin,  aglutin-like  body, 
inosit,  a  pigment  containing  iron,  and  even  free  iron  oxide  (Nassc).  The  ash  is  rich  in  phos- 
phoric acid  and  iron  (p.  151) — poor  in  chlorine  compounds.  The  splenic  juice  is  alkaline  in 
reaction  ;  the  specific  gravity  of  the  spleen  =  1059-1066. 

The  functions  of  the  spleen  are  obscure,  but  we  know  some  facts  on  which  to 
form  a  theory.  [The  spleen  differs  from  other  organs  in  that  no  very  apparent 
effect  is  produced  by  it,  so  that  we  must  determine  its  uses  in  the  economy  from  a 
consideration  of  such  facts  as  the  following  : — (1)  The  effects  of  its  removal  or 
extirpation.  (2)  The  changes  which  the  blood  undergoes  as  it  passes  through  it. 
(3)  Its  chemical  composition.  (4)  The  results  of  experiments  upon  it.  (5)  The 
effects  of  diseases.] 

(1)  Extirpation. — The  spleen  may  be  removed  from  an  animal — old  or  young — 
without  the  organism  suffering  any  very  obvious  change  (Galen).  The  human 
spleen  has  been  successfully  removed  by  Koherle,  Pean,  and  others.  As  a  result 
(compensatory  ?)  the  lymphatic  glands  enlarge,  but  not  constantly,  while  the  blood- 
forming  activity  of  the  red  marrow  of  bone  is  increased.  Small  brownish-red 
patches  were  observed  in  the  intestines  of  frogs  after  extirpation  of  the  spleen. 
These  new  formations  are  regarded  by  some  observers  as  compensatory  organs. 
Tizzoni  asserts  that  new  splenic  structures  are  formed  in  the  omentum  (horse,  dog) 
after  the  destruction  of  the  parenchyma  and  blood-vessels  of  the  spleen.  The  spleen 
is  absent  extremely  seldom. 

[The  weight  of  the  animal  (dog)  diminishes  after  the  operation,  but  afterwards  increases. 
•The  number  of  red  blood-corpuscles  is  lessened,  reaching  its  minimum  about  the  150th  to  the 
200th  day,  while  the  colourless  corpuscles  are  increased  in  number.  The  lymphatic  glands 
(especially  the  internal,  and  those  in  the  neck,  mesentery,  and  groin)  enlarge,  while  on  section 
the  cortical  substance  of  these  structures  is  redder,  owing  to  the  great  number  of  red  corpuscles, 
many  of  them  are  nucleated  in  the  lymph  spaces  (Gibson).  The  marrow  of  all  the  long  bones 
(those  of  the  foot  excepted),  becomes  very  red  and  soft,  with  the  characters  of  embryonic  bone- 
marrow.  Such  animals  withstand  hemorrhage  (to  ^  of  the  total  amount  of  blood)  without  any 
specially  bad  results  (Tizzoni,  Winoc]radoir).  Schindeler  observed  that  animals  after  extirpa- 
tion of  the  spleen  became  very  ravenous.] 

[Eegeneration. — After  entire  removal  of  the  spleen,  nodules  of  splenic  tissue  are  reproduced 
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(fox) ;  while  now  adenoid  tissue  is  formed  in  tlie  lymphatic  glands,  and  in  Peyer's  patches 
the  parenchyma  of  the  former  coming  to  resemble  splenic  tissue  {Tizzoni,  Elernod)'.} 

(2)  According  to  Gerlacli  and  Funke  the  spleen  is  a  blood-forming  gland.  The 
blood  of  the  splenic  vein  contains  far  more  colourless  corpuscles  than  the  blood  of  the 
splenic  artery  (p.  14).  Many  of  these  corpuscles  undergo  fatty  degeneration,  and 
disappear  in  the  blood-stream.  That  colourless  blood-corpuscles  are  formed  within 
the  spleen  seems  to  be  proved  by  the  enormous  number  of  these  corpuscles  which 
are  found  in  the  blood  in  cases  of  leuksemia  {Bennett  (1852),  Virchow).  Bizzozero  and 
Salvioli  found  that,  several  days  after  severe  htemorrhage,  the  spleen  became  enlarged, 
and  its  parenchyma  contained  numerous  red  nucleated  htematoblasts. 

(3)  Other  observers  {Kolliker  and  EcJcer)  regard  the  spleen  as  an  organ  in  which 
coloured  blood-corpuscles  are  destroyed,  and  they  consider  the  large  protoplasmic 
cells  containing  pigment  granules  as  a  proof  of  this  (p.  12).  According  to  the 
observations  of  Kusnetzow,  these  structures  are  merely  lymph-corpuscles,  which  in 
virtue  of  their  amoeboid  movements,  have  entangled  coloured  blood-corpuscles. 
[Such  corpuscles  exhibit  similar  properties  when  placed  upon  a  warm  stage.] 
Similar  cells  occur  in  extravasations  of  blood.  The  coloured  blood-corpuscles  within 
the  lymph-cells  gradually  become  disintegrated,  and  give  rise  to  the  production  of 
granules  of  hsematin  and  other  derivatives  of  haemoglobin.  [The  spleen  contains 
so  much  free  iron  that  a  section  of  this  organ,  especially  from  a  young  animal, 
when  treated  with  Tizzoni's  fluid,  i.e.,  with  potassic  ferrocyanide  and  hydrochloric 
acid,  gives  a  distinct  blue  colour  (§  174,  4).]  Hence,  the  spleen  contains  more 
%ron  than  corresponds  to  the  amount  of  blood  present  in  it.  When  we  consider 
that  the  spleen  contains  a  large  number  of  extractives  derived  from  the  decomposi- 
tion of  proteids,  it  is  very  probable  that  coloured  blood-corpuscles  are  destroyed 
m  the  spleen.  Further,  the  juice  of  the  spleen  contains  salts  similar  to  those  that 
occur  in  the  red  blood-corpuscles. 

The  blood  from  the  spleen  is  said  to  have  undergone  other  changes,  but  the  followino-  state- 
ment must  be  accepted  with  caution  :-The  blood  of  the  splenic  vein  contains  more  waler  and 
fabrm,  Its  red  blood-corpuscles  are  smaller,  brighter,  less  flattened,  more  resistant,  and  do  not 
durTuHigestion  crystallises  more  easily,  and  there  is  a  large  proportion  of  O 

[The  spleen  has  therefore  very  direct  relations  to  the  blood ;  in  it  coloured  blood- 
corpuscles  undergo  dismtegration,  it  produces  colourless  corpuscles,  and  it  is  said  to 
transform  white  corpuscles  into  red.] 

(4)  Contraction.— In  virtue  of  the  plain  muscular  fibres  in  its  capsule  and 
trabeculae,  the  spleen  undergoes  variations  in  its  volume.  Stimulation  of  the  spleen 
or  Its  nerves,  by  cold,  electricity,  quinine,  eucalyptus,  ergot  of  rye,  and  other  "  splenic 
reagents  causes  it  to  contract,  whereby  it  becomes  paler,  and  its  surface  may  even 
appear  granular.  After  a  meal,  the  spleen  increases  in  size,  and  it  is  usually  largest 
tours  after  digestion  has  begun,  i.e.,  at  a  time  when  the  digestive  organs 
have  almost  finished  their  work,  and  have  again  become  less  vascular.  After  a  time 
It  regains  its^  original  volume.  For  this  reason  the  spleen  was  formerly  regarded 
as  an  apparatus  tor  regulating  the  amount  of  blood  in  the  digestive  organs.  [The 
congestion  of  the  spleen  after  a  meal  is  more  probably  related  to  the  formation  of 
hoi'  TiT  '^^''l''^^^,^^^,  tl^^"  t«  tlie  destruction  of  red  corpuscles.  It  may  be 
however,  that  some  of  the  products  of  digestion  are  partially  acted  upon  in 

ste  o"f  th°  r'^^^S^ the  liver.]  There  is  a  Nation  between  he 
contritJ        T         'Yt       f"^  ^^'^'^^  that  when  the  spleen 

were  in       f '  I  ^'^^  f       nerves-the  liver  becomes  enlarged,  as  if  it 

y^S^llI^^Vi  T'^  'T""^^^  ^^y-  ^^^"^  studied  various  conditions 

wfth  riidl  k  f '"^^"^^'^  '^'^  ^Pl^^"  °f  ^  dog  in  a  box 

with  rigid  walls,  the  oncograph  (oVos,  volume)  and  filled  with  oil  after  the  manner 
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of  the  plethysmograph  (§§  101,  27G).  Any  variations  in  the  size  of  the  organ 
caused  a  variation  in  the  amount  of  oil  within  the  box,  and  these  variations  were 
recorded.  The  blood-pressure  was  recorded  at  the  same  time.  The  circulation 
through  the  spleen  is  peculiar,  and  is  not  due  to  the  blood-pressure  within  the 
arteries,  but  is  carried  on  chiefly  by  a  rhythmical  contraction  of  the  nmscular 
fibres  of  the  capsule  and  trabeculaj.  The  spleen  undergoes  very  regular  rhyth- 
mical contractions  (systole)  and  dilatations  (diastole).  This  alternation  of  systole 
and  diastole  may  last  for  hours,  and  the  two  events  together  occupy  about  one  minute 
(fig.  124).    Changes  in  the  arterial  blood-pressure  have  comparatively  little  iii- 


Fig.  124. 


Tracing  of  a  splenic  curve,  reduced  one-half,  taken  with  the  oncograph.  The  upper  line  with 
larce  waves  is  the  splenic  curve,  each  ascent  corresponds  to  an  increase,  and  each  descent 
to°a  diminution  in  the  vohime  of  the  spleen.  The  curve  beneath  is  a  blood-pressure 
tracing  from  the  carotid  artery.  The  lowest  line  indicates  the  time,  the  interruptions^  of 
the  marker  occurring  every  two  seconds.  The  vertical  lines,  a  and  h,  give  the  relative 
positions  of  the  lever-point  of  the  oncograph,  and  of  the  point  of  the  recording  style  of  the 
kymograph  respectively  {Roy). 

fluence  on  the  volume  of  the  spleen.  The  rhythmical  contraction.s,  although 
modified,  still  go  on  after  section  of  the  splenic  nerves.  This  would  seem  to 
indicate 'that  the  spleen  has  an  independent  (nervous)  mechanism  within  itself, 
causing  its  movements.] 

[Influence  of  Nerves.— Section  of  the  splenic  nerves  is  followed  by  an  increase 
in  the  size  of  the  spleen.  The  nerves  have  their  centre  in  the  medulla  oblongata. 
Stimulation  of  the  medulla  oblongata,  either  directly  or  by  means  of  asphyxiated 
blood,  causes  contraction  of  the  spleen,  hence  the  spleen  is  "  small  and  contracted 
in  death  from  asphyxia.  The  fibres  proceed  down  the  cord,  and  leaving  it  in  the 
dorsal  region,  enter  the  left  splanchnic,  pass  through  the  semi-lunar  ganglion,  and 
thus  reach  the  splenic  plexus.  Stimulation  of  the  peripheral  ends  of  these  nerves 
causes  contraction  of  the  spleen,  and  so  does  cold  applied  to  the  spleen  directly  or 
over  the  region  of  the  organ.  In  the  last  case  the  result  is  brought  about  reflexly. 
Botkin  found  that  the  application  of  the  induced  current  to  the  skin  over  the 
spleen  in  a  case  of  leuktemia,  caused  well-marked  contraction  of  the  spleen  in  all 
its  dimensions,  and  the  result  lasted  some  time.  After  every  stimulation  the 
number  of  colourless  corpuscles  in  the  blood  increased,  and  the  condition  of  the 

^'^rThere"ira  poinilar  notion  that  the  spleen  is  influenced  by  the  condition  of  the 
nervous  system,    liolkin  found  that  dei^ressing  emotions  increased  its  size,  while 
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•exhilarating  ideas  diminished  it.    The  causes  of  these  changes  are  referable  not 
■only  to  changes  in  the  amount  of  blood  in  the  spleen,  but  also  to  the  .greater  or  less 
•degree  of  contraction  of  its  muscular  tissue.    And  it  would  appear  that  like  the 
small  arteries,  the  muscular  tissue  of  the  spleen  is  in  a  state  of  tonic  contraction 
Ihe  size  of  the  spleen  may  be  influenced  reflexly.    Thus,  Tarchanoff  found  that 
stimulation  of  the  central  end  of  the  vagus,  when  the  splanchnics  were  intact 
■caused  contraction  of  the  spleen,  while  stimulation  of  the  central  end  of  the 
sciatic  also  caused  contraction,  but  to  a  less  degree.    It  is  quite  certain  that  all  the 
phenomena  are  not  due  to  the  action  of  vaso-motor  nerves  on  the  splenic  blood 
vessels.    There  is  a  certain  amount  of  independent  action  of  the  muscular  fibres  of 
the  organ,  and  it  is  not  improbable  that  the  innervation  of  the  spleen  is  similar  to 
the  innervation  of  arteries,  and  that  it  has  a  motor  centre  in  the  cord  capable  of 
being  influenced  reflexly  by  afferent  nerves,  while  it  also  sends  oirefferent  i,n 

IjUISGS,  I 

[Stimulation  of  (1)  the  central  end  of  a  sensory  nerve  ■  (2)  of  th?  npr,-n>,o..„i  i 
of  both  splanchnics;  (3)  of  the  peripheral  ends  of  bothVi;  , lusesCn^a  1'^^ 
the  spleen.  But  even  after  section  of  the  splanchnics  and  vag  s'in  ulX'of  a 
sensory  nerve  still  causes  contraction,  so  that  there  must  be  .ome  other  channel  as 
yet  unknown  {Roy).  Bochefontaine  found  that  electrical  stimulation  of  certain 
parts  of  the  cortex  cerebri  produced  contraction  of  the  spleen.]  w/nerves 
seem  to  occur  only  in  the  peritoneum  covering  the  spleen.  ^ 

_  Pressure  on  the  splenic  vein  causes  enlargement  of  the  spleen  hence  movo^^^A 

this  vein  (congestion  of  the  portal  vein,  cessation  of  ha^moiEklal  and  n^^^^^^^^^^^^ 

also  causes  Its  enlargen:ent.    With  regard  to  the  action  o1^'  Sc  re^^^^^^^^^  discharges) 

on  the  contraction  of  the  spleen,  Bin'z  is  of  opinion  that  this  diw  Sds  the  fo  n  v  "^"^^"f^' 

atteSro^~ia;:s^' Thfh^^^^^^^^^^  attracted  the 

the  course  of  a  day,  corresponding  wi^^^  ^'"^""^^  ^^^"g 

.espect  the  spleen  Lenihle^  the  affi^Yn™ 

prohably  due  to  paralysis  of  its  nerves.    It  is  .^re^tlv 
increased  in  intermittent  fever  or  ague,  and"  often 
during  the  course  of  typhus.    When  It  becomes  ah 
normally  enlarged,  and  remains  so  afte  rSed 
c?;^UeV^^<  :S  "^'^  ^^^I-t-plA  ani 
In  cases  of  splenic  leukemia 
it  is  greatly  enlarged,  and 
at  the  same  time  there  is  a 
great  increase  in  the  number 
of  colourless  corpuscles  in 
the  blood  and  also  a  decrease 
of  the  coloured  ones  (§  10). 

n.  The  Thymus.— During 
f  CBtal  life  this  gland  is  largely 
developed,  and  it  increases 
during  the  first  two  or  three 
years  of  life,  remaining  sta- 
Fig.  125.  tionary  until  the  tenth  or 

■  Section  of  the  thymus  gland  of  a  cat,  with  ^^^teenth  year,  when  it  be-  ^,  ' 

one  complete  lobule  with  a  cortical  F"^  *°  atrophy  and  undergo  -c-'ements  of  the  thymus 
part  a,  and  a  centre,  h.  a,  lymphoid  degeneration.  [The  de-  (  ^  ^00).  a,  \ymY}h- 
tissue;  c,  blood-vessels  injected  •  f/ con- g™^'"^*^°"  begins  at  the  corpuscles;  h,  con- 
nective-tissue. '  outer  part  of  each  lobule  and  centric  corpuscle  of 
Structiu-e  It  rnnci«f«  nf  progresses  inwards  (j^w).]  Hassall. 
Peyer)  or  masses  of  TdTo^rtL^ue  SfoSefb^^t^^^ 

contains  blood-vessels,  Ivmnhatics  inr  n  lt\  ^'j^^^^^'oi-k  of  connective-tissue  which 
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septa  into  lobiUes  the  lobules  being  separated  by  fine  intra-lobulnr  lamelhe  of  connective-tissue 
m  o  lollicles  (0-5-1  -f,  mn..)-    These  fothdes  innke  up  the  gland-sub.stance,  and  they  a  c  usuaUi' 
polygonal  when  seen  in  a  section     Each  follicle  consists  of  a  cortical  and  a  medullar?  m rt 
^^il.Vr!"''V'  *™™''7''k°f  ^o  li/o"«'«t\of  afine  adenoid  leticuhnn  whose  meshei  are 
h  led  with  lyniph-corpusclcs    (fig.  126,  «)•]  ^  Many  of  these  corpuscles  exhibit  various  stages 
of  disintegration.    In  the  medulla  are  found  the  concentric  corpuBcles  of  HaaeaU     ["  Tlfev 
IZZ^  r  /  "i*^"*''     ^"■''T'''""  P«'>. which  are  disposed  layers  of  flattened  nucleated 
endothelial  cells  arranged  concentrically.    When  seen  in  a  section  they  resemble  the  'cell- 
ncsts   of  epithelioma  (hg   126,  b).    They  have  also  been  compared  to  similar  bodies  which 
occur  m  the  prostate.    Ihey  are  most  numerous  when  the  gland  undergoes  its  retrogi-ade 
metamorphosis  "    Sig  Mayer  finds  thaf  the  thymus  of  the  frog  contains  structures, 
transverse  markings,  identica  with  the  stripes  of  striped  muscular  fibres.    The  stmctui'es  are 
Identical  with  those  called    sarcoplasts  "  by  Marge  and  Paneth,  and  "  sarcolytes  "  by  Sicr 
Mayer.    They  also  occur  in  large  numbers  in  the  tail  of  the  larv;e  of  batrachians,  when  the  tail 
is  undergoing  a  retrograde  metamorphosis.] 


,      J    ■  ,  "      —  ''^^y      ^  lymphatic  or  an 

aititicial  product.  JSlumerous  fine  lymphatics  penetrate  into  the  interior  of  the  organ  and 
many  are  distributed  over  its  surface,  but  their  mode  of  origin  is  unknown.  [They  seem'to  be- 
chaunels  through  which  the  lymph-corpuscles  are  conveyed  away  from  the  gland.]  Numerous 
blood-vessels  are  also  distributed  to  the  septa  aud  follicles  (fig.  125,  c). 

Chemical  Composition.— Besides  gelatin,  albumin,  soda-albumin,  there  are  sugar  and  fat 
leucm,  xanthin,  hypoxanthin,  formic,  acetic,  butyric,  and   succinic  acids.     Potash  and 
phosphoric  acid  are  more  abundant  in  the  ash  than  soda,  calcium,  magnesium  (?  ammonium) 
chlorine,  and  sulphuric  acid. 

Function.— As  long  as  it  exists,  it  seems  to  perform  the  functions  of  a  true  lymph -gland. 
This  view  is  supported  by  the  fact  that  in  reptiles  and  amphibians,  which  do  not  possess 
lymph-glands,  the  thymus  remains  as  a  permanently  active  organ.  [Extirpation  gave  few  positive 
results,  but  chemical  investigation  shows  that  the  parenchyma  contains  a  large  number  of 
products  indicating  considerable  metabolic  activity  (Fricdleben).] 

in.  The  Thyroid.— Structure.-The  gland  consists  of  lobes  and  lobules  held  together  by 
connective-tissue  rich  in  cells.    Each  lobule  is  made  up  of  numerous  completely  closed  sacs. 

(0  -04  to  0  '1  mm.  in  diameter),  which 
in  the  embryo  and  the  newly-born 
animal  are  composed  of  a  membrana 
propria  lined  by  a  single  layer  of 
nucleated  cubical  cells  (fig.  127). 
The  sacs  contain  a  transparent,  viscid, 
albuminous  fluid.  [Not  unfrequently 
the  sacs  contain  many  coloured  blood- 
corpuscles  (Baber).]  Each  sac  is  sur- 
rounded by  a  plexus  of  capillaries- 
which  do  not  penetrate  the  mem- 
brana propria.  There  are  also  numer- 
ous lymphatics.  At  an  early  period 
the  sacs  dilate,  their  cellular  lining 
atrophies,  aud  their  contents  undergo 
colloid  degeneration.  '\\nien  the 
gland-vesicles  are  gi-eatly  enlarged, 
"  goitre  "  is  produced. 

The  chemical  composition  of  this- 
gland  has  not  been  much  investigated.. 
In  addition  to  the  ordinary  constitii- 
227  ents,  leucin,  xanthin,  sarkin,  lactic, 

o    i.-       f  XI,  XI      -J    1  1     1       -1      7    T     succinic,  and  volatile  fattj' acids  have 

bection  of  the  thyroid  gland,    a,  closed  vesicles;  b,  dis-  ^g^j^  found 

tended  by  colloid  masses  and  lined  by  low  columnar  [Excision.— The  efl'ects  diflfer  ac 
epithelium  ;  c,  inter- vesicular  connective-tissue.  ^o^u^g  ^.^       ^jj^j^^i  operated  on. 

This  gland  has  been  excised  in  the  human  subject  in  cases  of  goitre.  Kevenlin  pointed  out  that 
a  peculiar  condition  results,  called  cachexia  stumipriva,  and  ]n'actically  the  human  being 
becomes  a  cretin.  This  operation  therefore  is  highly  questionable  when  performed  on  man. 
Babbits  endure  the  operation  well,  and  so  do  the  sheep,  calf,  and  horse.  Of  dogs,  cats,  and 
foxes,  only  a  very  small  number  survive,  nearly  all  die.  It  appears  therefore  that  herbivora  bear 
the  operation  and  sutler  fewer  after-effects  than  carnivora  {Sanqidrico  and  OrcccJiia).  The 
immediate  effects  are  fibrillar  contractions,  which  ultimately  influence  the  gait  of  the  animals, 
convulsions,  ansesthesia,  great  diminution  of  sensibility,  loss  of  flesh,  redness  of  the  ears  and 
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intense  heat  of  the  skin  (which  disappear  after  several  days),  difliculty  in  seizing  and  eating  food, 
kerato-conjunctivitis,  and  frequently  disturbance  of  the  rhythm  of  respiration  with  dyspna-a  and 
spasms  of  the  abdominal  muscles  (Schiff').    The  arterial  blood  contains  about  the  same  amount  of 
0  as  venous  blood.    Certain  parts  of  the  peripheral  nerves  undergo  a  kind  of  degeneration  similar 
to  that  found  after  nerve-stretching.   There  is  albuminuria  and  fall  of  the  blood-pressure.  Death 
usually  occurs  between  the  third  and  fourth  day,  the  animals  being  comatose  {Wagiicr).  Schiff 
found  that  if  one-half  of  the  gland  Avas  e.xcisod  at  once,  and  the  other  half  a  month  afterwards, 
death  did  not  occur ;  but  "Wagner  denies  this,  for  he  asserts  that  the  remaining  half  hypertrophies,' 
and  if  it  be  e.xcised,  death  occurs  with  the  usual  symptoms.    In  monkeys,  live  days  after  the 
operation,  there  are  symptoms  of  nervous  disturbance.  The  animals  have  lost  their  appetite,  there 
are  fibrillar  contractions  of  the  muscles  of  the  face,  han'ds,  and  feet,  but  the  tremors  disappear  on 
voluntary  effort.    The  appetite  returns  and  is  increased,  but  notwithstanding,  the  animal  gi-ows 
thin  and  pale  ;  while  the  tremors  increase  and  affect  all  the  muscles  of  the  body.    These  tremors 
are  of  central  origin,  because  they  disappear  on  dividing  the  nerve.    Thus  there  is  profound 
alteration  of  the  motor  powers.    Amongst  the  outward  symptoms  are  puffiness  of  the  eyelids, 
.  swelling  of  the  abdomen,  increased  hebetude,  and  dyspnoja,  while  afterwards  there  is  a'fall  of 
the  temperature  and  imbecility  ;  the  tremors  disappear,  there  is  a  palor  of  the  skin,  and  ulti- 
mately after  five  to  seven  weeks  the  animals  die  comatose.    Thus  there  is  a  slow  on,set  of  hebetude, 
terminating  in  imbecility.    Very  remarkable  changes  occur  in  the  blood.    There  is  a  steady  fall 
of  the  blood-pressure ;  a  diminution  of  the  red  blood-corpuscles,  or  rather  profound  antemia ; 
leucocythsemia,  the  colourless  corpuscles  being  increased  to  the  ratio  of  four  to  fourteen ;  and 
lastly  mucin  is  present  in  the  blood,  although  normally  it  is  not  so.    The  salivary  glands  arc 
hypertrophied,  owing  to  the  presence  of  mucin,  which  is  found  even  in  the  parotid,  althoudi 
this  is  normally  a  serous  gland  (§  141).    The  swelling  of  the  abdomen  is  due  to  hypertrophy  "of 
the  great  omentum.    Mucin  is  found  in  the  peritoneal  fluid,  and  the  spleen  is  also  enlarged. 
Thus  these  symptoms  present  many  features  in  common  with  those  of  myxoedema  as  described 
by  Ord  {v.  Horsley).'] 

[Stages.— Horsley  distinguishes  three  stages.  In  the  first  or  neurotic  stage,  the  animals 
exhibit  constant  tremors,  8  per  second,  and  young  animals  do  not  appear  to  survive  this  stage. 
In  the  second  or  mucinoid  stage,  mucin  is  deposited  in  the  tissues  and  blood  ;  this  change, 
however,  is  only  seen  to  perfection  in  monkeys.  If  these  animals  be  kept  at  a  high  artificial 
temperature,  then-  life  is  considerably  prolonged.  In  the  third,  atrophic,  or  marasmic  period, 
the  animals  die  of  marasmus,  while  they  lose  their  excess  of  mucin.  Age  seems  to  exert  an 
important  influence  in  thyroidectomy ;  young  dogs  survive  but  a  short  time,  while  oid  dogs 
merely  exhibit  symptoms  of  indolence  and  incapacitv  ;  and,  as  a  matter  of  fact,  the  activity  of 
the  gland  seems  to  be  most  active  when  tissue-metabolism  is  most  active.] 

..'2^®./°^^°.'*?"?  Horsley,  indicates  the  symptoms  that  follow  loss  of  the  function 

of  the  thyroid  gland. 


Stages. 

Dui-ation. 

Symptoms. 

Hemarks. 

I.  Neurotic. 
II.  Mucinoid, 

m.  Atrophic. 

1  to  2  weeks  in  dogs ; 

1   to  3  weeks  in 

monkeys. 
J  to  1  week  in  dogs ; 

3  to  7  weeks  in 

monkeys. 

5  to  8  weeks  in  mon- 
keys. 

Tremors,  rigidity,  dys- 
pnoea. 

Commencing  hebetude 
and  mucinoid  degen- 
eration of  the  connec- 
tive-tissues. 

Complete  imbecility  and 
atrophy  of  all  tissues, 
especially  muscles. 

Young  dogs  and  monkeys 
alike  die  in  this  stage. 

Dogs  survive  only  to  the 
beginning  of  this  stage ; 
monkeys  die  at  the  end, 
if  not  ti-eated. 

Monkeys  survive  accord- 
ing to  the  temperature 
of  the  air-bath.] 

;inn.r^ti\  f         t  ^}'^  ^^^^^^^  g^and  are  very  obscure.    Perhaps  it  may  be  an 

E«o  •  f°[.^\g'iiat''>g  the  blood-supply  to  the  head  (?).  It  becomes  enlarged  in  Basedow's 
S  ipl^.''^  1 ^^""^  palpitation,  as  well  as  protrusion  of  the  eyeball  or  exophthalmos, 
rnrl  to  depend  upon  a  simultaneous  stimulation  of  the  accelerating  nerve  of  the  heart 

and  the  sympathetic  fibres  of  the  smooth  muscles  in  the  orbital  cavity  and  the  evelids,  as  we 
swemn<.^\  /wh'^^-Y''  °f  the  vessels  of  the  thyroid.    In  many  localities  it  is  commo/i  to  find 
a^ed  wfth  iSn.v^'°l   constituting  goitre,  which  is  sometimes,  but  far  from  invariably,  associ- 
mvLZmn  nnT  '^f.'^  .'=^<^tinism.    [Horsley  finds  that  its  removal  is  the  essential  cause  of 
SetTc  funTon  ' W^p'^i'-    ^«  'T^"'^'  blood-forming  gland,  so  that  it  l>as  a  h.ema- 

poietic  function  but  Gibson  finds  no  grounds  for  supporting  this  view.  Durino-  the  ana-mia 
corlSs  Zn' tV'™"^"^'  the  blood  of  the  thyroid  jiin  co,!tains  7  per  ceS  mS,^  iluS- 
Sn  in  the  bodv  1^°^^,^'"^  ^vi,vy  {Horsley)     (2)  It  seems  to  regulate  the  formation  of 

mucin  in  the  body.  After  its  removal  the  normal  metabolism  is  no  longer  maintained  and 
there  is  a  corresponding  increasingly  defective  condition  of  nutrition.]        "  '^'^'^ 
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In  the  Tunicata,  this  gland,  represented  by  a  groove,  secretes  a  digestive  fluid.    In  verte- 
brates, it  is  an  orgiiii  whicli  has  undi^rgonc,  a  retrograde  change  (Geqcnbaur). 

rv.  The  Suprarenal  Capsules.— Structure.— Tliesc  organs  aio  invested  by  a  thin  capsule 
which  sends  processes  into  the  substance  of  the  organ.  They  consist  of  an  outer  (broad)  or 
cortical  layer  and  an  inner  (narrow)  or  medullary  layer.  The  farmer  is  yellowish  in  colour, 
firm  and  striated,  while  the  latter  is  softer  and  deeper  in  tint.  In  the  outermost  zone  of  the 
cortex  (fig.  128,  b),  the  trabeculre  form  polygonal  meshes,  which  contain  tlie  cells  of  the  gland- 
substance  ;  in  the  broader  middle  zone  the  meshes  are  elongated,  and  the  cells  filling  them  are 
arranged  in  columns  radiating  outwards.    Here  the  cells  are  transparent  and  nucleated,  often 

containing  oil-globules  ;  in  the  innermost  narrow  zone 
the  polygonal  aiTangement  prevails,  and  the  cells  often 
contain  yellowish-brown  ])igment.  In  the  medulla 
(c),  the  stroma  forms  a  reticulum  containing  groups  of 
cells  of  very  irregular  shape.  Numerous  blood-vesselB 
occur  in  the  gland,  especially  in  the  cortex.  [The 
nerves  are  extremely  numerous,  and  are  derived  from 
the  renal  and  solar  plexuses.  Many  of  the  fibres  are 
mednllated.  After  they  enter  the  gland,  numerous 
ganglionic  cells  occur  in  the  plexuses  which  they  form. 
Indeed,  some  observers  regard  the  cells  of  the  medulla 
as  nervous.  Undoubtedly,  numerous  multipolar  nerve- 
cells  exist  within  the  gland.  ] 

Chemical  Composition. — The  suprarenals  contain 
the  constituents  of  connective-  and  nerve-tissue  ;  also 
leucin,  hypoxanthin,  benzoic,  hippuric,  and  tauro- 
cholic  acids,  taurin,  inosit,  fats,  and  a  body  which 
becomes  pigmented  by  oxidation.  Amongst  inorganic 
substances  potash  and  phosphoric  acid  are  most  abun- 
dant. 

The  function  of  the  suprarenal  bodies  is  very  ob- 
sciu-e.  It  is  noticeable,  however,  that  in  Addison's 
disease  ("bronzed  skin"),  which  is  perhaps  primarily 
a  nervous  afl'ection,  these  glands  have  frequently,  but 
not  invariably,  been  found  to  be  diseased.  Owing  to 
the  injury  to  adjacent  abdominal  organs,  extirpation 
of  these  organs  is  often,  although  not  always,  fatal ; 
in  dogs  pigmented  patches  have  been  found  in  the  skin 
near  the  mouth.  Brown  Sequard  thinks  they  may  be 
concerned  in  preventing  the  over-production  of  pig- 
ment in  the  blood. 

[Spectrum. — MacMunn  finds  that  the  medulla  of 
the  suprarenal  bodies  (in  man,  cat,  dog,  guinea-pig, 
rat,  &c.)  gives  the  spectrum  of  hajmochromogen  (§18), 


Fig.  128. 


Section  of  a  ^^ff^^^, '^^^^^^^^^^^^  while  the  cortex  shows  that  of  what  he  cdls  histo- 

capsule  ;  &,  gland-cells  of  the  coi  tex  ,  .  .  resniratorv  pis- 


a, 


aiTanged  in  columns  ;  c,  glandular  net- 
work of  the  medulla  ;  d,  blood-vessels. 


hsematin,  the  latter  being  a  group  of  respiratory  pig 
raents.  He  finds  that  htemochromogen  is  only  found 
in  excretory  organs  (the  bile,  the  liver),  hence  he  re- 
gards the  medulla  as  excretory,  so  that  part  of  the  function  of  the  adrenals  may  be  "  to  meta- 
morphose effete  hjemoglobin  or  hamatin  into  hsemocln-omogen,"  and  when  they  are  diseased, 
the  effete  pigment  is  not  removed,  hence  the  pigmentation  of  the  skin  and  mucous  membranes. 
Taurocholic  acid  has  been  found  in  the  medulla  by  Vulpian,  and  pyro-cateclnii  by  Krukenberg. 
MacMunn  beUeves  that  "they  have  a  large  share  in  the  downward  metamorphosis  of  colounng 

""v^H^ophysis  Cerebri-Coccygeal  and  Carotid  Glands. -The  hypophysis  cerebri,  or 
pituitary  body,  consists  of  an  anterior  lower  or  larger  lobe,  partly  embracing  the  posterior  lower 
or  smaller  lobe.  These  two  lobes  are  distinct  in  their  structure  and  development  The  postcnor 
lobe  is  a  part  of  the  brain,  and  belongs  to  the  infundibulum.  The  nervous  elements  are  dis- 
placed by  the  ingrowth  of'connective-tissue  and  blood-vessels.  The  anterwr  portion  represents 
an  inflected  and°much  altered  portion  of  ectoderm  from  which  it  is  developed  t  contains 
aland-like  structures,  with  connective-tissue,  lymphatics,  and  blood-vessels  the  whole  being 
surm.  ed  bv  a  capsule.  According  to  Ecker  and  Mihalkowicz,  it  resembles  the  suprare  al 
eSen  its 'structure,  while,  according  to  other  observers,  in  some  animals  it  is  more  like  the 
g^Lts  function;  are  entirely  unknown.  [Excision. -Hoi^ley  has  remold  this  gland 
twice  successfully  in  dogs,  which  lived  from  five  to  six  months.  No  nervous  or  other  symptoms 
were  noticed  b^^^  when^tlle  cortex  of  the  brain  was  exposed  and  stimula  ed,  a  F^.-^t/ncrease  m 
The  eSability  of  the  motor  regions  was  induced,  even  slight  stimulation  being  followed  by 
violent  tetanus  and  prolonged  epilepsy.] 


HYPOPHYSIS  CEREBRI. 
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Coccygeal  and  Carotid  Glands. -Tjae  former,  which  lies  on  the  tip  of  the  coccyx,  is  comnosed 
to  a  large  extent  of  ple.vuses  of  small  more  or  less  cavernous,  arteries,  supportcnl  and  encC 


by  septa  and  a  capsule  of  connective-tissue  (Luscm).    Between  these  He  polyhedral  granrkr 

The  carotid  gland  has  a  similar,  structure  (p.  77).    Their  functions 


cells  arranged  in  networks. 


are  quite  uukaown. 
vessels  {Arnold). 


Perhaps  both  organs  may  be  regarded  as  the  remains  of  embryonal  blood- 

104.  COMPAEATIVE._The  heart  in  fisheB  (fig.  129.  I.),  as  well  as  in  the  larvce  of  amphi- 
bians with  gills,  IS  a  simple  venous  heart,  consisting  of  an  auricle  and  a  ventric  e  The 


,  •  T  ,   ,,    , ,      — "—"—6  ciuni^ic  iiau  a,  ventricle.  The 

ventricle  propels  the  blood  to  the  gills,  where  it  is  oxygenated  (arterialised)  ■ 
thence  it  passes  into  the  aorta  to  be  distributed  to  all  parts  of  the  body  ai  d 
returns  through  the  capilkries  of  the  body  and  the  veins  to  the  heart  The 
aanphibians  (frogs)  have  two  auricles  and  one  ventricle  (Frotr  II  )  From 
the  latter  there  proceeds  one  vessel  which  gives  off  the  pulmonary  arteries 
and  as  the  aorta  supplies  the  rest  of  the  body  with  blood,  the  veins  ofTe 
ffZ'l'r"^''-?  ^^7^  blood  to  the  right  auricle,  those  of  he  lun^ 
into  the  left  auricle.    In  fishes  and  amphibians  there  is  a  dilatation  at  t l  e 


Fig.  129. 

cus  aortai  ;  F,  common  aorta  ■ '  r  n^nrWi    f     '  ^^^iic^ial  veins  ;  E,  circulus  cephali- 

posteriorcLrdinaWdns;  Z  cauJal  veif^^  fr            '  ^'  ^"t''""''  JT. 

and  III,  right  and  left  auricles    iTV^nMc^^  H.  Jro^.-I  sinus  venosus  ;  II 

arteries  ;  2,  arch  of  the  aorta    3  r.vnt,Vl    ]   r'  '  i                      ^^^"^  •  1'  Pulmonary 

arteries;  7  common  Li^  8  ^c^lLc  artiv  '  ^  ""^  ^""^  ^'  "'""^^^'^ 

P,P,  lungs.    III.  -I  Sr.„,.li  ^' ''.'^f'^^^ous  artery;  Fv,  pulmonary  veins  : 

III,  left  furicle  ;  IV,  left  venttc  ?    V    '   pVfn  '''''''  '^^^  '       "S^^*  ^'"^triole 

2.  arch  of  the  aorta    3  caroS  arter      I   Z  f  ^'  Pulmonary  artery 

The  aorta  and  pulmonary  artery Se  sen^^^Mw  ^^'^^^  "npeifectly  separated  ventricles, 
blood  of  the  systimic  and  pulmonary  circulEfll  "  the  two  latter  chambers.  The  venous 
and  the  two  streams  are  mixed  rtL  veitr  In^nn?^''"?-^  "!i*°  "S^*^  '■^•^^^  ^^''^  ^""-^l^^- 
septum  seems  capable  of  being  Xed     The  ^omnW  the  opening  in  the  ventricular 

seen  in  fig.  IV.,  in  the  tortoise^    The  lovve r  'Snt,  ^T'^'^T  °^  two  is. 

cav.,  Which  are  rudimentary  in  birds  ^^^^JT'I^Z^Z  Sl^aLSvS 
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completely  separate  auricles  ami  two  separate  ventricles.  In  the  lialicore  the  apex  of  the  ven- 
tricles is  deeply  cleft.  Some  animals  have  accessory  hearts,  e.g.,  the  eel  in  its  caudal  vein. 
They  are  very  jn-obably  lymph-hearts  (Jiohin).  The  veins  of  the  wing  of  the  bat  pulsate  {Schiff). 
The  lowest  vertebrate,  ampnioxus,  has  no  heart,  but  only  a  rhythmically-pulsating  vessel. 

Amongst  blood-glands,  the  thymus  and  spleen  occur  throughout  the  vertebrata,  the  latter 
being  absent  only  in  amphioxus  and  a  few  fishes. 

Amongst  invertebrata  a  dosed  vascular  sijstem,  with  pulsatile  movement,  occurs  liere  and 
there,  e.g.,  amongst  echinodermata  (star-fishes,  sea-urchins,  holothuriaus)  and  the  higherwormB. 
The  insects  have  a  pulsating  "dorsal  vessel"  us  the  central  organ  of  the  circulation,  which 
is  a  contractile  tube  provided  with  valves  and  dilated  by  muscular  action  ;  the  blood  being 
propelled  rhythmically  in  one  direction  into  the  spaces  which  lie  amongst  the  tissues  and  organs, 
so  tnat  these  animals  do  not  possess  a  closed  vascular  system.  The  molluBca  have  a  heart  with 
a  lacunar  vascular  system.  The  cephalopods  (cuttle-fish)  have  three  hearts — a  simple  arterial 
heart,  and  two  venous  simple  gill-hearts,  each  placed  at  the  base  of  the  gills.  The  vessels  form 
a  completely  closed  circuit.  The  lowest  aiiimals  have  either  a  pulsatile  vesicle,  which  propels 
the  colourless  juice  into  the  tissues  (infusoria),  or  the  vascular  apparatus  may  be  entirely 
absent. 

105.  HISTORICAL  RETROSPECT.— The  ancients  held  various  theories  regarding  the 
movement  of  the  blood,  but  they  knew  nothing  of  its  circulation.  According  to  Aristotle 
(384  B.C.),  the  heart,  the  acropolis  of  the  body,  prepared  in  its  cavities  the  blood,  which 
streamed  thimigh  the  arteries  as  a  nutrient  fluid  to  all  parts  of  the  body,  but  never  returned 
to  the  heart.  With  Herophilus  and  Erasistratus  (300  B.C.),  the  celebrated  physicians  of  the 
Alexandrian  school,  originated  the  erroneous  view  that  the  arteries  contain  air,  which  was 
supplied  to  them  by  the  respiration  (hence  the  name  artery).  They  were  led  to  adopt  this 
view  from  the  empty  condition  of  the  arteries  after  death.  By  experiments  upon  animals, 
Galen  disproved  this  view  (131-201  a.d.) — "Whenever  I  injured  an  arterj',"  he  says,  "  blood 
always  flowed  from  the  wounded  vessel.  On  tying  part  of  an  artery  between  two  ligatures,  the 
part  of  the  artery  so  included  is  always  filled  with  blood." 

Still  the  idea  of  a  single  ecntrifiujal  movement  of  the  blood  was  retained,  and  it  was  a-ssumed 
that  the  right  and  left  sides  of  the  heart  communicated  directly  by  means  of  openings  in 
the  septum  of  the  heart,  until  Vesalius  showed  that  there  are  no  openings  in  the  septum.  Michael 
Servetus  (a  Spanish  monk,  burned  at  Geneva,  at  Calvin's  instigation,  in  1553)  discovered 
the  pulmonary  circulation.  Cesalpinus  confirmed  this  observation,  and  named  it  "  Circulatio." 
Fabricius  ab  Aquapendente  (Padua,  1574)  investigated  the  valves  in  the  veins  more  carefully 
(although  they  were  known  in  the  5th  century  to  Theodoretus,  Bishop  in  Syria);  and  he  was 
acquainted  with  the  centripetal  movement  of  the  blood  in  the  veins.  Up.  to  this  time  it  was 
imacrined  that  the  veins  carried  blood  from  the  centre  to  the  periphery,  although  Vesalius 
was°acquainted  with  the  centripetal  direction  of  the  blood-stream  in  the  large  venous  trunks. 
At  length  William  Harvey,  who  was  a  pupil  of  Fabricius  (1604),  demonsti-ated  the  complete 
circulation  (1616-1619),  and  published  his  great  discovery  in  1628.  [For  the  history  of  the 
discovery  of  the  circulation  of  the  blood,  see  the  works  of  Willis  on  "  W.  Harvey,"  "  Servetus 
and  Calvin,"  those  of  Kirchner,  and  the  various  Harveian  orations.] 

According  to  Hippocrates,  the  heart  is  the  origin  of  all  the  vessels  ;  he  was  acquainted  with 
the  lar^e  vessels  arising  from  the  heart,  the  valves,  the  chordiB  teudineoe,  the  auricles,  and  the 
closure^of  the  semi-lunar  valves.  Aristotle  was  the  first  to  apply  the  terms  aorta  and  vense 
cavie  ;  the  school  of  Erasistratus  used  the  term  carotid,  and  indicated  the  functions  of  the 
venous  valves.  In  Cicero  a  distinction  is  drawn  between  arteries  and  veins.  Celsus  mentions 
that  if  a  vein  be  struck  below  the  spot  where  a  ligature  has  been  applied  to  a  limb,  it  bleed^s, 
while  Aretaeus  (50  A.d.)  knew  that  arterial  blood  was  bright  and  venous  dark.  Pliny  (t  79 
4  D  )  described  the  pulsating  foutanelle  in  the  child.  Galen  (131-203  a.d.)  was  acquainted 
with  the  existence  of  a  bone  in  the  septum  of  the  heart  of  large  animals  (ox,  deer,  elephant). 
He  also  surmised  that  the  veins  communicated  Avith  the  arteries  by  fine  tubes._  The  demon- 
stration of  the  capiUaries,  however,  was  only  possible  by  the  use  of  the  microscope,  and 
employing  this  instrument,  Malpighi  (1661)  was  the  first  to  demonstrate  the  capillary  circula- 
tion Leuwenhoek  (1674)  described  the  capillary  circulation  more  carefully,  as  it  may  be  seen 
in  the  web  of  the  frog's  foot  and  other  transparent  membranes.  Blancard  (1676)  proved  the 
existence  of  capillary  passages  bv  means  of  injections.  William  Cooper  (1697)  proved  that  the 
same  condition  exists  in  warm-blooded  animals,  and  Ruysch  made  similar  injections.  Stenson 
(born  1638)  established  the  muscular  nature  of  the  heart,  although  the  Hippocratic  and 
\lexandrian  schools  had  already  sm-mised  the  fact.  Cole  proved  that  the  sectional  area  of  the 
blood-stream  became  wider  towards  the  capillaries  (1681).  Joh.  Alfons  Borelh  (1608-16/9)  was 
the  first  to  estimate  the  amount  of  work  done  by  the  heart. 


Physiology  of  Eespiration. 


The  object  of  respiration  is  to  supply  the  oxygen  necessary  for  the  oxidation- 
processes  -  that  go  on  in  the  body,  as  well  as  to  remove  the  carbon  dioxide  formed 
within  the  body.  The  most  important  organs  for  this  purpose  are  the  lunffs 
There  is  an  outer  and  an  inner  respiration— the  former  embraces  the  exchange  of 
gases  between  the  external  air  and  the  blood-gases  of  the  respiratory  organs  (luno-s 
and  skm)— the  latter,  the  exchange  of  gases  between  the  blood  in  the  capillaries  of 
the  systemic  circulation  and  the  tissues  of  the  body. 

[The  pulmonary  apparatus  consists  of  (1)  an  immense  number  of  small  sacs— 
the  air-vesicles— filled  with  air,  and  covered  externally  by  a  very  dense  plexus  of 
capillaries;  (2)  air-passages -the  nose,  pharynx,  larynx,  trachea,  and  bronchi 
commumcatmg  with  (1);  (3)  the  thorax  with  its  muscles,  acting  like  a  pair  of 
bellows,  and  moving  the  air  within  the  lungs.] 

106.  STEUCTURE  OF  THE  AIR-PASSAGES  AND  LUNGS. -The  hm^s  are  comnound 
tabular  glands  which  separate  CO,  from  the  blood.    Each  lung  is  provide  twth  an  eTcSorv 

Sicrer   The'' W^^^^^  T'^T  ^■^^P"'^^-^  P^^^^S^  of  Soth^lungs-the  trachea 

tl^f  J?  if  ■  .  ^  ,  f"^  extra-pulmonary  bronchi  are  similar  in  structure.  The  basis  of 
theti'achea  consists  of  16--20  C -shaped  incomplete  cartilaginous  hoops  place  over  each  otLv 
JuZ  Tn^l  °^  Y^T  ^"'^      ""ited  to  "a-^h  other  by ?nean  of  tof^  fit o  s 

Ikection     TriuTi  '"k?'         ^'''T  ^'^^  ''''''^'^  ^^i^^^       a  llfituSa 

^^rJ'^T^  ^ti^s 

^^^^  S^tSl^st  «:;Sd  Zit.^^^- 

..^a%^2rntfrncL?:;tlT^^^^^  ^''-IV^T^        "-^-a  and  the 

numerous  and  theira^  akn  n  I  JV  cesopha^;us,  the  elastic  elements  are  more 

Within  thk  In  VP,  Vi,!     also  a  few  bundles  of  plain  muscular  fibres  arranged  longitudinallv 

Eveen  the  caTt  la^s  Li'ind  a^^^^^^^      T'"-^^''  "VT^"''  "^"^'^  ^itSy 

reddish  fibres  cSute'tTta'cheat^mu^^^^^  ^^nl^'I^  ^tfZZ  7'''^'^' 

The  fTinction  of  thTs^n  uscular  fib^^^^  longitudinally  external  to  the  ti^nsverse  fibres, 

pressure  within  the  air-passages.  ^  distension  when  there  is  great 

adSd^ru^wTtrnu^n!^^^^^^^^^^  ^       connective-tissue,  containing  much 

in  a  longitudinal  direXn  nn  W  ?t  I  ^        ;    Numerous  elastic  fibres  are  arranged  chiefiy 
deep  layL  of  the  posteS        of  tj  memS  "^^"^^rfi    '^Y'^'  T  '^'^^  '-^^""^"^"^  i» 
A  small  quantity  of  W  mlmuco^^^^  mtewah  between  the  cartilages, 

glands,  and  lym,,hatics  unitertl^  ^^"^  large  blood-vessels, 

The  epithelixin  coSl  of  alnv^vT   V   "^'^"^'^l^f.^e  to  the  perichondrium  of  the  cartilages 
um  consists  ol  a  layer  of  columnar  ciliated  cells  with  several  layers  of  immatun^ 
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cells  under  them.  [The  superficial  layer  of  cells  is  columnar  and  ciliated  (fig.  130,  b),  while 
those  lying  under  them  present  a  variety  of  forms,  and  l)elow  all  is  a  layer  of  somewhat  flat- 
tened squamoa,  c,  resting  on  the  basement  membrane,  d.  These  squames  constitute  a  layer 
quite  distinct  from  the  basement  membrane,  and  they  form  the  layer  described  as  D6bove'B 
membrane.    They  are  active  germinating  cells,  and  play  a  most  important  part  in  connection 

with  the  regenei  ation  of  the  epithelium, 
after  the  superficial  layers  have  been 
shed,  in  such  conditions  as  bronchitis. 
Not  unfrequently  a  little  viscid  mucus 
(a)  lies  on  the  free  ends  of  the  cilia.  In 
the  intermediate  layer,  the  cells  are  more 
or  less  pyriform  or  battledore-shaped, 
with  their  long  tapering  process  inserted 
amongst  the  deepest  layer  of  squames. 
According  to  Drasch,  this  long  process  is 
attached  to  one  of  the.se  cells  and  is  an 
outgrowth  from  it,  the  whole  constituting 
a  "foot-cell."] 

Under  the  epithelium  is  the  homo- 
geneous basement  membrane,  through 
which  fine  canals  pass,  connecting  the 
cement  of  the  epithelium  with  spaces  in 
the  mucosa.  [This  membrane  is  well 
marked  in  the  human  trachea,  where  it 
plays  an  important  part  in  many  patho- 
logical conditions,  e.g.,  bronchitis.  It 
is  stained  bright  red  with  picrocarmine.] 
The  cilia  act  so  as  to  carry  any  secretion 
towards  the  larynx.  Goblet  cells  exist 
between  the  ciliated  columnar  cells. 
Numerous  small  compound  tubular 
mucous  glands  occur  in  the  mucous 
membrane,  chiefly  between  the  cartilages. 
Their  ducts  open  on  the  surface  by  meau.s 
of  a  slightly  funnel-shaped  aperture,  into 
which  the  ciliated  epithelium  is  prolonged 
for  a  short  distance.  [The  acini  of  some 
of  these  glands  lie  outside  the  ti-aehealis 
muscle.  The  acini  are  lined  by  cubical 
Fig.  130.  columnar  secretory  epithelium.  In 

Transverse  section  of  part  of  a  human  bronchus  (  x  450).  gome  animals  (dog)  these  cells  are  clear, 
a,  precipitated  mucus  ;  b,  ciliated  columnar  epithe-  ^nd  present  the  usual  characters  of  a 
lium  ;  c,  deep  germinal  layer  of  cells  (Debove's  mern-  mucus-secreting  gland ;  in  man,  some  of 
brane)  ;  cl,  elastic  basement  membrane;  e,  elastic  ^jjg  ^ells  may  be  clear,  and  othere  "  gran- 
fibres  divided  ti-ansversely  (inner  fibrous  layer);/,  ^iiar/'  but  the  appearance  of  the  cells 
bronchial  muscle  ;  g,  outer  fibrous  layer  with  leuco-  depends  upon  the  physiological  state 
cytes  and  pigment  granules  (black);  below  a  mass  of  activity.]  These  glands  secrete  the 
of  adenoid  tissue.  mucus,  which  entangles  particles  inspired 

witli  the  air,  and  is  carried  towards  the  larynx  by  ciliary  action.  [Numerous  lymphatics  exist . 
in  the  mucous  and  sub-mucous  coat,  and  not  imfrequently  small  aggregations  of  adenoid  tissue- 
occur  (especially  in  the  cat)  in  the  mucous  coat,  usually  around  the  ducts  of  the  glands.  Ihey 
are  comparable  to  the  solitary  follicles  of  the  alimentary  tract.  The  blood-vessels  are  not  so 
numerous  as  in  some  other  mucous  n>embranes.  [A  plexus  of  nerves  containing  numerous 
ganglionic  cells  at  the  nodes  exists  on  the  posterior  surface  of  the  trachealis  muscle,  i  he 
fibres  are  derived  from  the  vagus,  recurrent  laryngeal,  and  sympathetic  (C.  Frankcnhauser,  U  . 

[The  mucous  membrane  of  the  trachea  and  extra-pulmonary  bronchi,  therefore,  consists  of 
the  following  layers  from  within  outwards  : — 
(1)  Stratified  columnar  ciliated  epithelium. 

A  layer  of  flattened  cells  (Debove's  membrane).  , 

A  clear  homogeneous  basement  membi-ane.  ,     ^  -j  ^v-     i  ' 

A  basis  of  areolar  tissue,  with  adenoid  tissue  and  blood-vessels,  and  outside  this  a  layer 
of  longitudinal  elastic  fibres. 
Outside  this,  again,  is  the  sub-mucous  coat,  consisting  of  loose  areolar  tissue,  with  the  larger 
vessels,  lymphatics,  nerves,  and  mucous  glands.] 

[The  Bronchi.— In  structure  the  extra-pulmonary  bronchi 


(2) 
(3) 
(4) 


resemble  the  trachea.    As  they 


STRUCTURE  OF  THE  BRONCHI  .  ANU  BRONCHIOLES.  l6l 

pass  into  the  lun-  they  divide  very  frequently,  and  the  brandies  do  not  anastomose  In  thn 
mtra-pulmonary  bronchi  the  subdivisions  become  finer  and  liner,  the  finest  branches  beinc 
called  tennmal  broiichi,  or  bronchioleB,  which  open  separately  into  clusters  of  air- vesicles  1 

[Epartenal  and  Hyparterial  Bronchi  -As  the  bronchi  proceed,  one  main  trunk  passes  into 
the  lung,  running  towards  its  base,  and  from  it  are  given  oH'  branches  dorsally  and  ventrallv 
and  tnese  branches  again  subdivide.    In  man  one  main  branch  comes  off  from  the  rid't 
bronchus  and  proceeds  to  the  upper  right  lobe,  above  the  place  where  the  pulmonary  arterv 
crosses  the  bronchus    Such  branches  are  cMed  eparlerial,  and  they  are  more  numerous  n 
birds.    In  man,  all  the  branches,  both  on  the  right  and  left  side,  come  off  below  the  point 
where  the  pu  nionary  artery  crosses  the  bronchus,  and  are  called  hyparterial  bronchi  (C  AehA  } 
[In  the  middle-sized  intra-pulmonary  bronchi,  the  usual  characters  of  the  mucous  membrane 
are  retained,  only  it  is  thinner  ;  the  cartilages  assume  the  form  of  irregular  plates  sSed  in 
the  outer  wall  ot  the  bronchus  ;  while  the  muscular  fibres  are  disposed  in  a^oS'le  rciicle 
constituting  the  bronchial  muscle   fig.  130,/).    When  this  muscli  is  contracted  rwhen  thl 
bronchus  as  a  whole  is  con  racted,  the  mucous  membrane  is  thrown  into  longitudi^ial  folds  and 
opposite  these  folds  the  elastic  fibres  form  large  elevations.    This  muscle  i  paSilari^veU 
developed  in  the  smaller  microscopic  bronchi.     Numerous  elastic  fibres,  c,  dispord  lon^ 
tudinally,  exist  under  the  basement  membrane,  d.    They  are  continuous  with  those  of  the 
trachea,  and  are  prolonged  onwards  into  the  lung.    The  mucous  membrane  of  the  lamer  intra 
pulmonary  bronchi  consists  of  the  following  layers  from  within  outwards  :-  ^ 

(1)  Stratified  columnar  ciliated  epithelium  (fig.  130  b) 

(2)  Debove's  membrane  (fig.  130,  c).  '  ' 

(3)  Transparent  homogeneous  basement  membrane  (fig.  130  d) 

(4)  Areolar  tissue  with  longitudinal  elastic  fibres  (fio-  130  e) 

(5)  A  kyer  of  non-striped  muscular  fibres  disposed  eivMy  {bronchial  muscle, 

Outside  this  is  the  sub-mucous  coat,  consisting  of  areolar  tissue  mixed  with  much  adenoid  tissue 
imttnin«'t-f;  ^"•"''t^f  ^^-^ge^  m  the  form  of  cords,  the  lymph-follicular  cord^  It  aho 
contains  the  acmi  of  the  numerous  mucous  glands,  blood-vessels,  and  lymphatics  The  ducts 
of  the  glands  perforate  the  muscular  layer,  and  open  on  the  free  surtice  of  +bp  ..1 

cTiSfS •     o'ut?e-T""  r-f'  "  '^''""V^  tissue  ^i^rthTiTch^LriL" 

cartUages.     Outside  the  cartilages  are  the  nerves  and  nerve-ganglia  accompanvinr  tbp 

are  U?VeXS°"?Lv  L^wf  h  7^  '^^^^^'P^,"'  ''"^       --'^l^^  ^^^-^-lai'  fibres 

cells  ^^^y       li^ed  by  lower  columnar  ciliated  epitheUum,  containing  goblet 

lobular  septa  (fig  133  c)  which  ^rp/nn ft n  I  by  septa  of  connective-tissue,  the  inter- 

tissue  ancfoJth\ot|tSt-^^^^^^ 

t^^^'n^^^^^^^^^  as  we^roceed  from  the  larger  to 

bronchial  muscle  is  wel  de  dwed  il  thf  Z  ^  ™«t"««     disappear.    The  cii-cular 

continuous  thin  layL  Ler  the  aSai  bronchi  and  bronchioles,  and  exists  as  a 

air-cells.    Elastic  fibres  continuZ^  n^^  ^*  ^*  continued  over  and  between  the 

on  the  other  witl  tTo'Tiu  f^,e™s  o^the  air  n^ll  with  those  in  the  smaller  bronchi,  and 
chioles  and  infundibula     In  The V.nwZ  K    '  I'?  muscular  fibres  in  the  bron- 

to  a  single  layer,  and  "  mixed  wi?h  t lifsSa  ffipdT  '  f  ciliated  epithelium  is  re.luced 

passages  open  into  the  a  3s  o  alveoli  t^^  epithelium,  while,  where  the  alveolar 

Alveoli  or  Air-Ceils  -tS  form  ortl  p^p n/^  ^  •  is  non-cihated,  low,  and  polyhedral.] 
niore  or  less  sr.herical^,oly.onal  or  cim  sW^^^^^  ''''^'^     '^^'""'^tei-,  may  be 

cation  with  the  alveolL-  msSs     Thd7?£'  JfV-  ^l^^Posed  around  and  in  communi- 

structureless  membrane,  c^omp?sed  of  XhuV  flbrilt  i"""''^  °''  '''^'^y 

,  >.uuipubBu  01  siigtitly  hbrillated  couuective-tissue  containing  a  few 
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corpuscles.  This  is  surrounded  by  numerous  fine  elastic  fibres,  which  give  to  the  pulmonary 
parenchyma  its  well-miirked  elastic  characters  (fig.  132,  c,  c).  These  fibres  often  bifurcate,  and 
lire  arranged  with  reference  to  the  alveolar  wall.  They  are  very  resistant,  and  in  some  cases  of 
lung  disease  may  be  recognised  in  the  sputum.  A  few  non-striped  muscular  fibres  exist  in  the 
delicate  connective-tissue  between  adjoining  air-vesicles.  These  muscular  fibres  sometimes 
become  greatly  developed  in  certain  diseases  {Arnold,  JV.  Slirlincj).  The  air-cells  are  lined  by 
two  kinds  of  cells — (1)  large,  transparent,  clear  polygonal  (nucleated?)  squamea  or  placoids 
(22-45  fi)  lying  over  and  between  the  capillaries  in  the  alveolar  wall  (fig.  131,  a)  ;  (2)  smaH 
irregular  "granular  "  nucleated  cells  (7-15  ;u)  arranged  singly  or  in  groups  (two  or  three)  in  the 
interstices  between  the  capillaries.    They  are  well  seen  in  a  cat's  lung  (fig.  131,  d).    [When  acted 

on  with  nitrate  of  silver  the  cement- 
substance  bounding  the  clear  cells  is 
stained,  but  the  small  cells  become  of  a 
uniform  brown  granular  appearance,  so 
that  they  are  readily  recognised.  Small 
holes  or  "  pBsudo-stomata "  seem  to 
exist  in  the  cement-substance,  and  are 
most  obvious  in  distended  alveoli.  They 
open  into  the  lymph-canalicular  system 
of  the  alveolar  wall  {Klein),  and  through 
them  the  lymph-corpuscles,  which  are 
always  to  be  found  on  the  surface  of 
the  air-vesicles,  migrate,  and  carry  with 
them  into  the  lymphatics  particles  of 
carbon  derived  from  the  air.]  In  the 
alveolar  walls  is  a  very  dense  plexus  of 
fine  capillaries  (fig.  132,  c),  which  lie 
more  towards  the  cavity  of  the  air-ves- 
icle, being  covered  only  by  the  epithelial 
lining  of  the  air-cells.  Between  two 
adjacent  alveoli  there  is  only  a  single 
layer  of  capillaries  (man),  and  on  the 
boundary-line  between  two  air-cells  the 
course  of  the  capillaries  is  twisted,  thus 
projecting  sometimes  into  the  one  alveo- 
lus, sometimes  into  the  other. 

[The  niunber  of  alveoli  is  stated  to 
Air-vesicles  injected  with  silver  nitrate,  a,  outlines  be  about  725  millions,  a  result  obtained 
of  squamous  epithelium  ;  h,  alveolar  waU  ;  c,  young  by  measunng  the  size  of  the  air-vesicles 
epithelium  cell ;  d,  aggregation  of  young  epithelial  and  ascertaining  the  amount  of  air  in 
cells  germinating.  t^e  lung  after  an  ordinary  inspiration, 

°  determining  how  much  of  this  air  is  m 

the  air-vesicles  and  bronchi  respectively.  The  superficial  area  of  the  air-vesicles  is  about  90 
square  meti-es,  or  100  times  greater  than  the  surface  of  the  body  ('8  to  '9  sq.  meti-c).] 

The  Blood-vesselB  of  the  lung  belong  to  two  different  systems :— (A)  Pulmonary  vessels 
(lesser  circulation).  The  branches  of  the  pulmonary  artery  accompany  the  bronchi  and  are 
closely  applied  to  them.  [As  they  proceed  they  branch,  but  the  branches  do  not  anastomose, 
and  ultimately  they  terminate  in  small  arterioles,  which  supply  several  adjacent  alveoli,  each 
arteriole  splitting  up  into  capillaries  for  several  air-cells  (fig.  132,  v,  c).  An  efferent  vein  usually 
arises  at  the  opposite  side  of  the  air-cells,  and  carries  away  the  purified  blood  from  the  capillaries. 
In  their  course  these  veins  unite  to  form  pulmonary  veins,  which,  again,  are  joined  in  their 
course  by  a  few  small  bronchial  veins.  The  veins  usually  anastomose  in  the  earlier  part  of  their 
course,  whilst  the  corresponding  arteries  do  not.  ]  Although  the  capillary  plexus  is  very  fine  and 
dense,  its  sectional  area  is  less  than  the  sectional  area  of  the  systemic  capillaries,  so  that  the 
blood-stream  in  the  pulmonary  capillaries  must  be  more  rapid  than  that  in  the  capillaries  of  the 
body  generally.  The  pulmonary  veins,  unlike  veins  generally,  are  collectively  narrower  than 
the  pulmonary  artery  (water  is  given  ofi'  in  the  lung),  and  they  have  no  valves.  [The  pulmonary 
artery  contains  venous  blood,  and  the  pulmonary  veins  pure  or  arterial  blood]. 

(B)  The  bronchial  vessels  represent  the  nutrient  system  of  the  lungs.  They  (1-3)  arise  from 
the  aorta  (or  intercostal  arteries)  and  accompany  the  bronchi  without  anastomosing  with  the 
branches  of  the  pulmonary  artery.  In  tlieir  course  they  give  brauches  to  the  lymphatic  glands 
at  the  hilum  of  the  lung,  to  the  walls  of  the  large  blood-vessels  (vasa  vasorum),  the  pulmonary 
pleura,  the  bronchial  walls,  and  the  interlobular  septa.  The  blood  which  issues  from  their 
capillaries  is  xainxmdi— partly  by  the  pulmonary  veins— hence,  any  considerable  interference 
with  the  pulmonary  circulation  causes  congestion  of  the  bronchial  mucous  membrane,  resulting 
la  a  catarrhal  condition  of  that  membrane.  The  greater  part  of  the  blood  is.  i-eturned  by  the 
Ironcliial  veins,  which  open  into  the  vena  azvgos,  intercostal  vein,  or  superior  vena  cava,  llie 


Fig.  131. 


THE  BLOOD-VESSELS  OF  THE  LUNGS. 


163 


veins  of  the  smaller  bronchi  (fourth  order  onwards)  open  into  the  pulmonary  veins  and  tho 
anterior  bronchial  also  communicate  with  the  pulmonary  vein  (ZuckJkandl) 
tn  fT^;  1  ^^T\i:  T'^^  is  distinct,  and  is  a  large  serous  sac,  which  really  bolon-s 

to  the  lymphatic  system  ol  the  lung.  The  pleura  consists  of  two  layers,  Weral  and  parietef 
The  visceral  pleura  covers  the  lung  ;  the  parietal  portion  lines  the  wall  of  the  che  t  S  the 
two  layers  of  the  corresponding  pleura  are  continuous  with  one  another  at  the  roo  of  the  u^^ 
The  visceral  ideura  is  the  thicker,  and  may  readily  be  separated  from  the  inner  surface  of  t^^ 
chest.  Structurally  the  p  eura  resembles  a  serous  membrane,  and  consists  of  a  thin  la ver  of 
hbrous  tissue  covered  by  a  layer  of  endothelium.  Under  this  layer,  or  the  Xi  ra  proper  s  a 
deep  ov  sub-serons  layer  ot  looser  areolar  tissue,  containing  many  elastic  fibres  The  Lyer  of 
the  pleura  pulmonalis  of  some  animals,  as  the  guinca-r.io-  contain.,  n  nUwnrt'  L-  , 

riZtl''"^  ''''         ^*     also%ontin^;S;is  w^^"  L  i2S 

interlobular  septa  (fig.  133,  .)  consist  of  bands  of  fibrous  tissue  separating  a^oiniiig  lobules! 


„     .  Fig.  132. 

of  an  alveolus  to  the  capillarLs  n  i  tewdl^  v^^  '  >f m^rnons  epithelium 
tissue  of  the  lung.  its  wall ,  /,  alveolar  epithelium  shown  alone  ;  e,  e,  elastic 

hp^^T^Ts-^LTS?^^^^^^^  the  lung  at  its 

other  organs.    The  connection  of  the  sub-pTeural  fih  on?  K  t^"'^"^.^^*.*^^^  J"^* 
within  the  substance  of  the  luno-  Lrmost  imnnvtif    .    ,  ''"t  connective-tissue 
septa  contain  lymphatics  and  wSotveTse  s     tT  Pnl?!  r"^"^''^^  ^l.e  interlobular 

the  ordinary  squamous  type,  but  o^tTe  ;ie,lf  n,  !        i-™i,  the  parietal  layer  is  of 

po^hedral,  and%ranular.^  They  mLt  nec^saWirvr"^^  ""'^  l"''        ^^tM,  more 

ot  the  lung,  so  that  they  are  more  flSeneTXn-  th?  7      '^'T.         '^''^"^^'^^  i'^ 
The  pleura  contains  many  lymiLtts  wWdi  comn  ^listended,  as  during  inspiration, 

pleural  cavity.]  ^   ympnatics,  wJiich  communicate  by  means  of  stomata  with  the 
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trunks,  provided  with  valves,  run  alongside  the  pulmonary  artery  and  vein,  and  in  tlieir  cour. 
they  torm  trequent  anastomoses.  Special  vessels  ari.se  within  the  walls  of  the  bronchi,  andoccL 
chiefly  in  the  outer  coat  ol  the  latter,  constituting  (c)  the  peri-bronchial  lymphatics  whic 


anastomose  witli  b.  Tl 


but  chiefly  f  rom  the  lymph-canalioular  system  of  the  pleural  alveoli.  Some  of  these  branches 
proceed  to  the  bronchial  glands  but  others  pass  into  the  interlobular  septa,  where  they  join  (6) 
the  pen-vascular  lymphatics  which  arise  in  the  lymph-canalicular  sy.stem  of  the  alveoli.  These 

rse 
I  occur 

,        ,        ,.  ^        ^  .  ,   lymphatics,  which 

blanches  ol  tlicse  two  sets  run  towards  tlie  bronchial  glands.  Not 
unlrequently  (cat)  masses  of  adenoid  tissue  are  found  in  the  course  of  tliese  lymphatics  1  The 
lymph-canahcular  system  and  the  lymphatics  become  injected  wlien  line-coloured  particles  are 
inspired,  or  are  introduced  into  the  air-cells  artificially.  The  pigment  particles  pass  through 
the  semi-Huid  cement-substance  into  the  lymph-canalicular  system  and  thence  into  the  lym- 
phatics ;  or,  according  to  Klein,  they 


pass  thiougli  actual  holes  or  pores  in 
the  cement  (p.  162).]  [This  pigmenta- 
tion is  well  seen  in  coal-miner's  lung  or 
anthracosifi,  where  the  particles  of  car- 
bon i)ass  into  and  are  found  in  the 
lymphatics.  Sikorski  and  Kiittner 
showed  that  pigment  reached  the  lym- 
phatics in  this  way  during  life.  If 
pigment,  China  ink,  or  indigo-carmine 
be  introduced  into  a  frog's  lung,  it  is 
found  in  the  lymphatic  system  of  the 
lung.  Ruppert,  and  also  Schotielius, 
showed  tliat  the  same  result  occurred 
in  dogs  after  the  inhalation  of  charcoal, 
cinnabar,  or  precipitated  Berlin  blue, 
and  von  Ins  after  the  inhalation  of 
silica.  .  Schestopal  used  China  ink  and 
cinnabar  suspended  in  f  per  cent,  salt 
solution.]  Excessively  fine  lymph- 
canals  lie  in  the  wall  of  the  alveoli  in 
the  interspaces  of  the  capillaries,  and 
there  are  slight  dilatations  at  the  points 
of  crossing.  According  to  Pierret  and 
Renaut  every  air-cell  of  the  lung  of  the 
ox  is  surrounded  by  a  large  lymph- 
space,  such  as  occurs  in  the  salivary 
glands.  When  a  large  quantity  of  fluid 
is  injected  into  the  lung,  it  is  absorbed 
with  great  rapidity  ;  even  blood-cor- 
puscles rapidly  pass  into  the  lym- 
phatics. 

The  superficial  Ij'mphatics  of  the 
pulmonary  pleura  communicate  with 
the  pleural  cavity  by  means  of  free 
openings  or  stomata,  and  the  same  is 
true  of  the  lymphatics  of  the  parietal 


e- — 


Fig.  133. 

Human  lung  (  x  50  and  reduced  ^).    a,  small  bronchus  ; 
I,  b,  pulmonary  artery  ;  c,  ^mlmonary  vein  ;  e,  inter-  ^  u 

lobular  septa,  continuous  with  the  deep  layer  of  the  pleura,  but  these  stomata  are  confined 
pleura,  p.  to  limited  areas  over  the  diaphragmatic 

'  pleura.    [The  lymphatics  in  the  costal 

pleura  occur  over  the  intercostal  spaces  and  not  over  the  ribs  {Dybkow.tki).]  The  large  arteries 
of  the  lung  are  provided  with  lymphatics  which  lie  between  the  middle  and  outer  coats.  [The 
movements  of  the  lung  during  respiration  are  most  important  factors  in  moving  the  lymph 
onwards  in  the  pulmonary  lymphatics.  The  reflux  of  the  lymph  is  prevented  by  the  presence 
of  valves.] 

[The  nerves  of  the  lung  are  derived  from  the  anterior  and  posterior  pulmonary  plexuses,  and 
consist  of  branches  from  tlic  vagus  and  sympathetic.  They  enter  the  lungs  and  follow  the  dis- 
tribution of  the  bronchi,  several  sections  of  nerve-trunks  being  usually  found  in  a  transverse 
section  of  a  large  bronchial  tube.  The  nerves  lie  outside  the  cartilages,  and  are  in  close  relation 
with  the  branches  of  the  bronchial  arteries.  MeduUated  and  non-medullated  nerve-fibres  occur 
in  the  nerves,  which  also  contain  numerous  small  ganglia  {Remak,  Klein,  Slirling).  In  the 
lung  of  the  calf  the  ganglia  are  large.  The  exact  mode  of  termination  of  the  nerve-fibres 
within  the  lung  has  yet  to  bo  ascertained  in  mammals,  but  some  fibres  ])ass  to  the  bronchial 
mu.scle,  others  to  the  large  blood-vessels  of  the  lung,  and  it  is  highly  probable  that  the  mncous 
glands  are  also  supplied  with  nerve-filaments.  In  the  comparatively  simple  lung.s  of  the  frog, 
nerves  with  numerous  nerve-cells  in  tlieir  course  are  found  {Arnold,  Stirling),  and  in  the  very 
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simple  lung  of  the  newt,  there  are  also  numerous  nerve-cells  disposed  along  the  course  of  tl... 
intra-pulmonary  nerves.  Some  of  these  fibres  terminate  in  the  uniform  layer  of  non-strined 
muscle  which  forms  part  of  the  pulmonary  wall  in  the  frog  and  newt,  and  others  end  in  the  n  us- 
cular  coat  of  the  pulmonary  blood-vessels  {Slirlhuj).  The  functions  of  these  ganglia  are  unknown 
but  they  may  be  compared  to  the  nerve-plexuses  existing  in  the  walls  of  the  digestive  tract.]  ' 
The  Function  of  the  non-striped  muscle  of  the  entire  bronchial  system  seems  to 
be  to  offer  a  sufficient  amount  of  resistance  to  increased  pressure  Mdthin  the  air 
passages ;  as  in  forced  expiration,  speaking,  singing,  blowing,  &c.  The  vagus  is  the 
motor  nerve  for  these  fibres,  and  according  to  Longet,  the  "  lung-tonus  »  during 
increased  tension  depends  upon  these  muscles. 

[Effect  of  Nerves  -By  connecting  the  interior  of  a  small  bronchus  with  an  onco<n-aph  (S  103) 
in  curansed  dogs  (the  thorax  being  opened),  Graham  Brown  and  Roy  found  that  sSn  of  one 
vagus  causes  a  marked  expansion  of  the  bronchi  of  the  corresponding  lun-  while  stimnration 
of  the  peripheral  end  of  a  divided  vagus  causes  a  powerful  contraction  o^th^  b  oncW  of  S 
lungs.  Stimulation  of  the  central  end  of  one  vagus,  the  other  bein-  intact  also  Pnn«L  .  oT 
traction  (feebler)  under  the  same  circumstances.^  Especially "letheri  S  b^^^^ 
not  contraction  results.  It  both  vagi  be  divided,  no  effect  is  produced  by  rtl^mulation  of  the 
central  end  of  either  vagus.  It  seems  plain  that  the  vagi  contain  centripetal  or  afferent  fibres 
which  can  cause  both  expansion  and  contraction  of  the  bronchi.  Asphyxia  causercontraction 
provided  the  vagi  are  mtact,  but  none  if  they  are  divided,  although  in  etherirdTogs  exm,^^^^^^^ 
tequently  occurs,  while  stimulation  of  the  central  end  of  othertensory  nerves  11°™?  ^ 
any,  oi^f  any,  but  a  slight  effect  on  the  calibre  of  the  bronchi,  so  that  in  thnoTthe  on  v 
connection  between  the  cerebro-spinal  centres  and  the  bronchi  is  through  the  va-i  ^ 

.rri.fw  S^^'t  i"^^*!"""  °^        '"""^^^  ^^"■'^by  a  spasmodic  nawowin-  of  the 

smaller  bronchi  is  produced,  may  excite  asthmatic  attacks.  If  the  ex-piratory  blast  be  interfered 
with,  acute  emphysema  may  take  place  {Bicrnier).  ^  mrerierea 

Chemistry. -In  addition  to  connective,  elastic,  and  muscular  tissue,  the  lun<rs  contain  lecithin 
inosit  uric  acid  (taunn  and  leucin  in  the  ox),  guanin,  xanthin  (?)  hypoxS°n  (rs)-soda 
potash,  magnesium,  oxide  of  iron,  much  phosphoric  acid,  also  chlorine   Xhuric  and  sKcia 
acids-in  diabetes  sugar  occurs-in  purulent  infiltration  glycogen  and  sugaSn  "enal  d^^^^^^^ 

;rcir:rtytin."''  ^'^^     ^^^^^^  deSposStkt°;s; 

Of  dS^tl^r^'v  Liings.-The  Jungs,  in  virtue  of  the  large  amount 

of  e  astic  tissue  which  they  contam,  are  endowed  with  elasticity;  and  when  the 
chest  IS  opened  they  collapse.  If  a  cannula  with  a  small  lateral  opening  be  t  ed 
of'S::  ""'^'^f'''^  -  ^^-P'«  ^-g«.  the  lungs  may  be  iSd  with  a 
L  hpt  ^.f^'A^"^  '}f'^''  P^^P-  After  the  artificial  inflation,  the  lungs,  owing 
to  .heir  elasticity,  collapse  and  expel  the  greater  part  of  the  kv  As  much 
remains  witmn  the  light  spongy  tissue  of  the  lungs,  even  after  they t  e  Amoved 

Xlo4attuid:  of  ll'  T  '''''  air-cells  armirwi  h 

patliological  fluids  or  blood,  as  in  certain  diseased  conditions  of  the  lun^ 
pneumonia),  then  the  lungs  or  parts  thereof  may  sink  in  water.  The  ungs  of  th! 
fetus  before  respiration  has  taken  place,  sink  in  water,  but  after  resSion  Ms 
been  thoroughly  established  in  the  child,  the  lungs  float  Hen  thTsTvS^^^^^ 
test  IS  largely  used  in  medico-legal  cases,  as  a  teft  of  the  childl  halg  breat^^^^^^ 
lll  l^  li^t^^^^^^^^  ^°Sers.  it  emits  a  peculiar  and^hai^cter: 

hea^d'o:  :;^^gr  vluTL^L^'^  ITunf  the1£r  oti^^  '''''''' 
much ;  in  a  young  child  it  is  rose-pink,       IrSwaJd^it^brmel  dtl  iTpedX 

rran':  roVc3n"ln3"  ^  T'T  ^^"^^P^^^^'  ^^"^  to  tt  SpolLT  o^ 
TexcLL  of      T  the  lungs  may  become  quite  black.] 

107.  MECHANISM  OF  RESPIRATTnv    ti,         u  • 

of  both  eSc  W^  .1  .    ,  j  r^'^Pf^^^^  ^^'^  ^^^^^  external  surfaces 
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the  parietal  pleura,  it  is  clear  that  the  lungs  must  be  distended  with  every  dilatation 
of  the  chest,  and  diminished  by  every  contraction  thereof.  The  movements  of  the 
lungs,  therefore,  are  entirely  passive,  and  are  dependent  on  the  thoracic  movements. 

On  account  of  their  complete  elasticity  and  their  great  extensibility,  the  lungs 
are  able  to  accommodate  themselves  to  any  variation  in  the  size  of  the  thoracic 
cavity,  without  the  two  layers  of  the  pleura  becoming  separated  from  each  other. 
As  the  capacity  of  the  non-distended  chest  is  greater  than  the  volume  of  the 
collapsed  lungs  after  their  removal  from  the  body,  it  is  clear  that  the  lungs,  even 
in  their  natural  position  within  the  chest,  are  distended,  i.e.,  they  are  in  a  certain 
state  of  elastic  tension  (§  60).  The  tension  is  greater  the  more  distended  the 
thoracic  cavity,  and  vice  versd.  As  soon  as  the  pleural  cavity  is  opened  by  perfora- 
tion froni  without,  the  lungs,  in  virtue  of  their  elasticity,  collapse,  and  a  space  filled 
with  air  is  formed  between  the  surface  of  the  lungs  and  the  inner  surface  of  the 
thoracic  wall  (pneumo-thorax).  The  lungs  so  affected  are  rendered  useless  for 
respiration  ;  hence  a  double  pneumo-thorax  causes  death. 

Pneumo-thorax. — It  is  also  clear  that,  if  the  pulmonary  pleura  be  perforated  from  within  the 
lung,  air  will  pass  from  the  respiratory  passages  into  the  pleural  sac,  and  also  give  rise  to 
pneumo-thorax.  [Not  unfrequently  the  surgeon  is  called  on  to  open  the  chest,  .say  by  removing 
a  portion  of  a  rib  to  allow  of  the  free  exit  of  pus  from  the  pleural  cavity.  If  this  be  done  with 
proper  precautions,  and  if  the  external  wound  be  allowed  to  heal,  after  a  time  the  air  in  the 
pleural  cavity  becomes  absorbed,  the  collapsed  lung  tends  to-  regain  its  original  foi-m,  and  again 
becomes  functionally  active.] 

Estimation  of  Elastic  Tension.  — If  a  manometer  be  introduced  through  an  intercostal  space 
into  the  pleural  cavity,  in  a  dead  subject,  we  can  measure,  by  means  of  a  column  of  mercury, 
the  amount  of  the  elastic  tension  required  to  keep  the  lung  in  its  position.  This  is  equal  to 
6  mm.  in  the  dead  subject,  as  well  as  in  the  coudition  of  expiration.  If,  however,  the  thorax 
be  brought  into  the  position  of  inspiration  by  the  application  of  traction  from  without,  the 
elastic  tension  may  be  increased  to  30  mm.  Hg.  {Bonders). 

If  the  glottis  be  closed  and  a  deep  inspiration  taken,  the  air  within  the  lungs  must 
become  rarefied,  because  it  has  to  fill  a  greater  space.  If  the  glottis  be  suddenly 
opened,  the  atmospheric  air  passes  into  the  lungs  until  the  air  within  the  lungs  has 
the  same  density  as  the  atmosphere.  Conversely,  if  the  glottis  be  closed,  and  if  an 
expiratory  effort  be  made,  the  air  within  the  chest  must  be  compressed.  If  the 
glottis  be  suddenly  opened,  air  passes  out  of  the  lungs  until  the  pressure  outside  and 
inside  the  lung  is  equal.  As  the  glottis  remains  open  during  ordinary  respiration, 
the  equilibration  of  the  pressure  within  and  without  the  lungs  will  take  place  gradu- 
ally. During  tranquil  insi^iration  there  is  a  slight  negative  pressure ;  during  ex- 
piration a  slight  positive  pressure,  in  the  lungs ;  the  former  =  1  mm.,  the  latter  2-3 
mm.  Hg.  in  the  human  trachea  (measured  in  cases  of  wounds  of  the  trachea). 

108.  aUANTITY  OF  GASES  RESPIRED.— As  the  lungs  within  the  chest 
never  give  out  all  the  air  they  contain,  it  follows  that  only  a  part  of  the  air  of  the 
lungs  is  changed  during  inspiration  and  expiration.  The  volume  of  this  air  will 
depend  upon  the  depth  of  the  respirations. 

g       Hutchinson  defined  the  following  : — 

^        (1)  Eesidual  air  is  the  volume  of  air  which  remains  in  the 
o3    chest  after  the  most  complete  expiration.    It  is  =  1230-1640  c.c. 
g  >    [100-130  cubic  inches]. 
2       (2)  Reserve  or  supplemental  air  is  the  volume  of  air  which 
'■<    can  be  expelled  from  the  chest  after  a  normal  quiet  expiration, 
g  o    It  is  =1240-1800  c.c.  [100  cubic  inches]. 

g'n  (3)  Tidal  air  is  the  volume  of  air  which  is  taken  in  and  given 
"  o    out  at  each  respiration.    It  is  =500  cubic  centimetres  [20  cubic 
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inches]. 

(4)  Complemental  air  is  the  volume  of  air  that  can  be  forcibly 
inspired  over  and  above  what  is  taken  in  at  a  normal  respiration. 
It  amounts  to  about  1500  c.c.  [100-130  cubic  inches]. 

(5)  Vital  Cajasity  is  the  term  applied  to  the  volume  of  air  which  can  be 
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forcibly  expelled  from  the  chest  after  the  deepest  possible  inspiration.  It  is  equal 
to  3772  CO.  (or  230  cubic  inches)  for  an  Englishman  {Hutchinson),  and  3222  for  a 
German  {Haeser). 

Hence,  after  every  quiet  inspiration,  both  lungs  contain  (1  +  2  +  3)  =  3000  to 
3900  c.cm.  [220  cubic  inches];  after  a  quiet  expiration  (1  +  2)  =  2500  to  3400 
com.  [200  cubic  inches].  So  that  about  I  to  |  of  the  air  in  the  lungs  is  subject  to 
renewal  at  each  ordinary  respiration. 

Bonders  calculated  that  the  entire  bronchial  system  and  the  trachea  contain  about  500  c  c  of 
air. 

Estimation  of  Vital  Capacity.— This  was  formerly  thought  to  be  of  great 
utility,  but  at  the  present  time,  not  much  importance  is  attached  to  it,  nor  is  it 
frequently  measured  in  cases  of  disease.  It  is  estimated  by  means  of  the  spiro- 
meter of  Hutchinson  (fig.  134),  which  consists  of  a  graduated  cylinder  filled  with 
water  and  inverted  like  a  gasometer  over  water, 
and  balanced  by  means  of  a  counterpoise.  Into 
the  cylinder  a  tube  projects,  and  this  tube  is 
connected  with  a  mouthpiece.  The  person  to  be 
experimented  upon  takes  the  deepest  possible  in- 
spiration, closes  his  nostrils,  and  breathes  forcibly 
into  the  mouthpiece  of  the  tube.  After  doing  so 
the  tube  is  closed.  The  cylinder  is  raised  by  the 
air  forced  into  it,  and  after  the  water  inside  and 
outside  the  cylinder  is  equalised,  the  height  to 
which  the  cylinder  is  raised  indicates  the  amount 
of  air  expired,  or  the  vital  or  respiratory  capacity. 
In  a  man  of  average  height,  5  feet  8  inches,  it 
is  equal  to  230  cubic  inches. 

The  following  circumstances  affect  the  vital  capa- 
city :— 

.  (1)  The  Height— Every  inch  added  to  the  height  of 
persons  between  5  and  6  feet  gives  an  increase  of  the 
vital  capacity  =  1.30  c.c.  [8  cubic  inches.] 

(2)  The  Body-weight.— When  the  body-weight  exceeds 
the  normal  by  7  per  cent,  there  is  a  diminution  of  37 
c.c.  of  the  vital  capacity  for  every  kilo,  of  increase. 

(3)  Age.— The  vital  capacity  is  at  its  maximum  at  35  ; 
there  is  an  annual  decrease  of  23-4  c.c,  from  this  a"e 
onwards  to  65,  and  backwards  to  15  years  of  age.     -  ° 

chisi  ^ifri^fp  O'?"-        even  where  there  is  the  same  circumference  of 

chest,  and  tlie  same  height  in  a  man  and  a  woman,  the  ratio  is  10  ■  7 

poSion  ^""^  Occupation.-More  air  is  respired  in  the  er;ct  than  in  the  recumbent 

(6)  Disease.— Abdominal  and  thoracic  diseases  diminish  it. 

109.  NUMBER  OF  RESPIRATIONS.-In  the  adult,  the  number  of  respira- 
tions vanes  from  16  to  24  per  minute,  so  that  about  4  pulse-beats  occur  during  eacli 
respiration.    The  number  of  respirations  is  influenced  by  many  conditions  :— 
w  |S^i^n^-  SJ^^^^.^^^^^^  position,  any  counted  13. 

(2)  Age.-Quetelet  found  the  mean  number  of  respirations  in  300  individuals  to  be  :- 
Respirations. 
U 
26 


Fig.  134. 

Scheme  of  Hutchinson's  spirometer. 


Year. 
0  to  1, 

15  to  20, 

(3)  The 


20 


} 


Average 
Number  per 
Minute. 


Year. 
20  to  25, 
25  to  30, 
30  to  50, 


Kespirations. 
18-7 
16 
18-1 


Average 
Number  per 
Minute. 


'JS"  in  ,1p«?9a^  °^  Actiyity.-Gorham  counted  in  children  of  2  to  4  years  of  age  during  standin<r 
"f  theTspSionr]  ^     ^  ^        'muscular  exertion  suffices  to  increase  the  frequency 

m  The  Temperature  of  the  surrounding  medium.-The  respirations  become  more  numerous 
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the  higlior  tlie  surrounding  temperature,  but  this  result  only  occurs  when  the  actual  tempera- 
ture of  tlic  blood  is  increased,  as  in  fever. 

(5)  Digestion.— There  is  a  slight  variation  during  the  course  of  the  day,  the  increase  being 
most  marked  after  mid-day  dinner  {Vierordt). 

(6)  The  Will  can  to  a  certain  extent  modify  the  number  and  also  the  depth  of  the  respira- 
tions, but  after  a  short  time  the  imjjulse  to  respire  overcomes  the  voluntary  impulse. 

(7)  The  Gases  of  the  Blood  have  a  marked  ell'ect,  and  so  has  the  heat  of  the  blood  in  fever.] 
[(8)  lu  Animals — 


Mammals. 

Per  Mln. 

Per  Mln. 

Rabbit,     .  .55 

Tiger, 
Lion,  . 

6 

Rat  (waking),    .  210 

.  10 

Rat  (asleep),     .  100 

Jaguar, 

.  11 

Rhinoceros,  6-10 

Panther, 

.  18 

Hipjiopotamus, .  1 

Cat,  . 

.  24 

Horse,      .  10-12 

Dog,  .  . 

.  15 

Ass,  ...  7 

Dromedary, 

.  11 

Giraffe, 

8-10 

Birds. 

Ox,    .  . 

15-18 

Condor,    .       .  6 

Squirrel, 

.  70 

Sparrow,   .       .  90 

Pigeon, 
Siskin, 
Canary, 

Reptiles. 

Snake, 
Tortoise,  . 


Per  Mln. 
.  30 
.  100 
.  18 


Fish. 


Raja, 
Torpedo, 


5 
12 


50 
51 


Perch, 
Mullet, 
Eel,  . 
Hippocampus, 


Per  Min. 
.  30 
.  60 
.  50 
.  33 


Invertebrata. 
Crab,  .       .  .12 
MoUusca,    .  14-65 
(P.  Bcrt.)\ 


[(9)  In  Disease. — The  number  may  be  gi'eatly  increased  from  many  causes,  e.g.,  in  fever, 
pleurisy  and  pneumonia,  some  heart  diseases,  or  in  certain  cases  of  alteration  of  the  blood,  as 


B 


Fig.  135. 

A,  Brondgeest's  tambour  for  registering  the  respiratory  movements,  h,  c,  inner  and  outer 
caoutchouc  membranes  ;  a,  the  capsule  ;  d,  d,  cords  for  fastening  the  instrument  to  the- 
chest ;  S,  tube  to  the  recording  tambour.  B,  normal  respiratory  curve  obtained  on  a 
vibrating  plate  (each  vibration  =  0 "01613  sec). 

in  anaemia  ;  and  diminished  where  there  is  pressure  on  the  respiratory  centre  in  the  medulla, 
in  coma.    It  is  important  to  note  the  ratio  of  pulse-beats  to  respirations.] 

110.  TIME  OCCUPIED  BY  THE  EESPIRATORY  MOVEMENTS.— The 

time  occupied  in  the  various  phases  of  a  respiration  can  only  be  accurately  ascer- 
tained by  obtaining  a  curve  or  pneumatogram  of  the  respiratory  movements  by 
means  of  recording  apparatus. 

Methods. — The  graphic  method  can  be  employed  in  three  directions: — (1)  To 
record  the  movements  of  individual  parts  of  the  chest-u'cdl. 

(1)  Vierordt  and  C.  Ludwig  transferred  the  movements  of  a  part  of  the  chest-wall  to  a  lever 
which  inscribed  its  movements  upon  a  revolving  cylinder.  Riegel  (1873)  constructed  a 
"  double  stethograph"  on  the  same  principle.  This  instrument  is  so  anunged  that  one  arm 
of  the  lever  may  be  applied  in  connection  with  the  healthy  side  of  a  person's  chest,  and  the 
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othoi-  on  the  diseased  side.  In  the  case  of  animals  placed  on  thoir  backs,  Snellen  introduced 
a  long  needle  vertically  through  the  abdominal  walls  into  the  liver.  Rosenthal  oijened  the 
abdomen  and  applied  a  lever  to  the  under  surface  of  the  diaphragm,  and  thus  registered  its 
movements  (Phrenograph).  ° 

(2)  An  air-tambour,  such  as  is  used  in  Brondgeest's  pansphygmograph  (fig.  135  A)  may  be 
employed.  It  consists  of  a  brass  vessel,  «,  shaped  like  a  small  saucer.  The  mouth  of  the  brass 
vessel  IS  covered  with  a  double  layer  of  caoutchouc  membrane,  h,  c,  and  air  is  forced  in  between 
the  two  layers  until  the  external  membrane  bulges  outwards.  This  is  placed  on  the  chest  and 
the  apparatus  is  ii.^ced  in  position  by  means  of  th6  bands,  d,  d.  The  cavity  of  the  tambour 
communicates  by  means  of  a  caoutchouc  tube,  s,  with  a  recording  tambour,  which  inscribes  its 
movements  upon  a  revolving  cylinder.  Every  dilatation  of  the  chest  compresses  the  membrane 
and  thus  the  air  within  the  tambour  is  also  compressed.  [A  somewhat  similar  apparatus  is 
used  by  Burdon-Sanderson,  and  called  a  "  recording-stethograph. "  By  it  movements  of  the 
corresponding  points  on  opposite  sides  of  the  chest  can  be  investigated.]  A  cannula  or 
oesophageal  sound  may  be  introduced  into  that  portion  of  the  oesophagus  which  lies  in  the 
chest,  and  a  connection  established  with  Marey's  tambour  {Rosenthal).  [This  method  also 
enables  one  to  measure  the  intrathoracic  pressure] 
Marey's  Stethograph  or  Pneuniograph. -[There  are  two  forms  of  this  instrument,  one  niodi- 

^  ('^)  -        at  "g^t  angles  to  a 

aluminium  disc  on  the  caoutchouc 
of  the  tambour  is  attached  to  an 
upright  (6),  whose  end  lies  in  con- 
tact with  a  horizontal  screw  {g). 
Two  arms  (d,  c)  are  attached  to 
opposite  sides  of  the  steel  plate, 
and  to  them  the  belt  (e)  which 
fastens  the  instrument  to  the 
che«t  is  attached.  When  the 
chest  expands,  these  two  arms  are 
pulled  asunder,  the  steel  plate  is 
bent,  and  the  tambour  is  affected, 
and  any  movement  of  the  tam- 
bour is  transmitted  to  a  register- 
ing tambour  by  the  air  in  the 
tube  (a)]. 

(2)  To  record  variation  in 
volume  of  the  thorax  or  of  the 
respired  gases. 

For  this  purpose  E.  Hering  i*'ig-  ^36. 

secures  the  animal,  and  places  it  Marey's  stethograph. 

(3)  To  record  the  rate  at  which  the  respiratory  gases  are  exchanged 

wit"  ?LSe%tt"oft:lmotr;1g  n3)Xf  T  ''^^^^^V'  ^"^-'^^ 

pendulum  will  be  moved  to  anTfi-o  lwthp^;?,  ^'  1  f ^    """^  inspiration  and  expiration  the 

The  curve  (fig  135,  B)  was  obtained  by  placing  the  tambour  of  a  Brondappcf, 
panspbygtnograph  upon  the  xiphoid  process,  knd  recording  the  movem  nfufon  a 
wftl  ntlr  f  "  '  r tuning-fork.    The  inspiratior.  (ascenZg  Hmb)  be' ins 

s    Wr'^The''  "  K'""'  ^--'••^^  Ihe  end  all 

acceTrated  Tnr  ■  ^''^^^^^'f '"^  also  begins  with  moderate  rapidity,  is  then 

very  gradu'ai!;.^  ^^'^'^  *he  latter  part,  so  that  the  curve  falls 

Inspiration  is  slightly  shorter  than  Expiration. -According  to  Sibson,  the 
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ratio  for  an  adult  is  as  C  to  7 ;  in  women,  children,  and  old  people,  6  to  8  or  6  to 
9.  Vierordt  found  the  ratio  to  be  10  to  U'l  (to  24-1);  J.  R.  Ewald,  11  to  12. 
It  is  only  occasionally  that  cases  occur  where  inspiration  and  expiration  are  equally 
long,  or  where  expiration  is  shorter  than  inspiration.  When  respiration  proceeds 
quietly  and  regularly,  there  is  usually  no  pmise  (complete  rest  of  the  chest-walls) 
between  the  inspiration  and  expiration.  The  very  flat  part  of  the  expiratory  curve 
has  been  wrongly  regarded  as  due  to  a  pause.  Of  course,  we  may  make  a  volun- 
tary pause  between  two  respirations,  or  at  any  part  of  a  respiratory  act. 

Some  observers,  however,  have  described  a  panse  as  occurring  between  the  end  of  expiration 
and  the  beginning  of  the  next  inspiration  (expiration  pause),  and  also  iinother  pause  at  the  end 
of  inspiration  (inspiration  pause).  The  latter  is  always  of  very  short  duration,  and  consider- 
ably shorter  than  the  former.    During  very  deep  and  slow  respiration,  there  is  usually  an 


Fig.  137. 

Pneumatograms  obtained  by  means  of  Riegel's  stethogi-aph.  I,  normal  curves  ;  II,  curve  from 
a  case  of  emphysema  ;  a,  ascending  Umb  ;  h,  apex  ;  c,  descending  hmb  of  the  cuive.  The 
small  elevations  are  due  to  the  cardiac  impulse. 

expiration  pause,  while  it  is  almost  invariably  absent  during  rapid  breathing.  ^"fP^yf^^^'l 
pause  is  always  absent  under  normal  circumstances,  but  it  may  occur  under  pathological 

'°In'certain  parts  of  the  respiratory  curve  slight  irregularities  may  appear,  which  are  sometimes 
due  to  vibrations  communicated  to  the  thoracic  walls  by  vigorous  heart-beats  (hg.  161)-  _ 
•  The  "type  "  of  respiration  may  be  ascertained  by  taking  curves  from  various 
parts  during  the  respiratory  movements.  Hutchinson  showed  that,  in  the  female, 
the  thorax  is  dilated  chiefly  by  raising  the  sternum  and  the  ribs  (Respiratio  costalis), 
^vhile  in  man  it  is  caused  chiefly  by  a  descent  of  the  diaphragm  (Resinratio 
diaphragmatica  or  abdominalis).  In  the  former,  there  is  the  so-called  costal  type, 
in  the  latter  the  "  abdominal  or  diaphragmatic  type. 
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while  at  the  same  time  the  inspiratory  dilatation  of  the  chest  precedes  the  elevation  of  the 
abdominal  wall  (Mosso).  It  is  not  determined  wliethcr  the  costal  type  of  respiration  in  the 
female  depends  upon  the  constriction  of  the  chest  by  corsets  or  other  causes  {Sibson),  or  whether 
it  is  a  natural  adaptation  to  the  child-bearing  function  in  women  {Hutchinson).  Some  observers 
maintain  that  the  difference  of  type  is  quite  distinct,  oven  in  sleep,  when  all  constrictions  are 
removed,  and  that  similar  differences  are  noticeable  in  young  children.  This  is  denied  by 
others,  while  a  third  class  of  observers  hold  that  the  costal  type  occurs  in  children  of  both 
sexes,  and  they  ascribe  as  a  cause  the  greater  flexibility  of  the  ribs  of  children  and  women 
which  permits  the  muscles  of  the  chest  to  act  more  efficiently  upon  the  ribs.  ' 

111.  PATHOLOGICAL.— Examination  of  the  Lungs.— The  same  methods  that  are  applicable 
to  the  heart,  viz.,  I.,  Inspection;  XL,  Palpation;  III.,  Percussion;  and  IV.,  Auscultation 
apply  here  also.]  ' 
[By  inspectipn  we  may  determine  the  presence  of  symmetrical  or  unilateral  alterations  in  the 
shape  of  the  chest,  the  presence  of  bulging  or  flattening  at  one  part,  and  variations  in  the 
movement  of  the  chest-walls.  By  palpation,  the  presence  or  absence,  character  seat  and 
extent  of  any  movements  are  more  carefully  examined.  But  we  may  also  study  what  is  called 
vocal  fremitus  (§  117).    Percussion  (§  114),  Auscultation  (§  116).] 

[In  investigating  the  respiratory  movements,  we  should  observe  (1),  the  frequency  (§  109)  • 
(2),  the  type  (§  110) ;  (3),  the  nature,  character,  and  extent  of  the  movements,  noting  also 
whether  they  are  accompanied  by  pain  or  not  (§  110) ;  (4),  the  rhythm.] 

I.  Changes  in  the  mode  of  Movement.— In  persons  suffering  from  disease  of  the  respiratory 
organs,  the  dilatation  of  the  chest  may  be  diminished  (to  the  extent  of  5  or  6  cm. )  on  holh  sides 
or  only  on  one  side.  In  affections  of  the  apex  of  the  lung  (in  phthisis),  the  sub-normal 
expansion  of  the  upper  part  of  the  wall  of  the  chest  may  be  considerable.  Retraction  of  the 
sott  parts  of  the  thoracic  wall,  the  xiphoid  process,  and  the  parts  where  the  lower  ribs  are 
inserted,  occurs  in  cases  where  air  cannot  freely  enter  the  chest  during  inspiration,  c  a  in 
nan-owing  of  the  larynx  ;  when  this  retraction  is  confined  to  the  upper  part  of  the  thor'acic 
wa  l,  it  indicates  that  the  portion  of  the  lung  lying  under  the  part  so  affected  is  less  extensile 
and  diseased. 

Harrison's  Groove. -In  persons  suffering  from  chronic  difficulty  of  breathing,  and  in  whom 
at  the  same  time,  the  cUaphragni  acts  energetically,  there  is  a  slight  groove,  which  passes  hori- 
zontally outwards  from  the  xiphoid  cartilage,  caused  by  the  pulling  in  of  the  sof  parts  and 
corresponding  to  the  insertion  of  the  diaphragm.  »  pdiLwua 

The  duration  of  inspiration  is  lengthened  in  persons  suffering  from  narrowing  of  the  trachea 
or  larynx  :  expiration  is  lengthened  in  cases  of  dilatation  of  the"  lung,  as  in  emphysema,  where 
all  the  expiratory  muscles  must  be  brought  into  action  (fig.  137  II) 

oithpVT.TnJT'''*^^  Ehythni.-When  the  respiratory  apparatus  is  much  affected,  there  is 

^^^f^'^^*^^'^^'  -  -  great  difficulty  of 

to-(!!?'di?i?ut?ornf  VT^^'  °[  the  exchange  of  the  respiratory  gases  in  the  blood  due 

to  [a)  diminution  of  the  respiratory  surface  as  in  some  diseases  of  the  fungs)  •  (h)  narrowino- 
vpW.r'^"''*°^^^  P'^'T'  =  diminution  of  the  red  blood-corpuscles  ;  {d)  cUstXnces  of  h? 
.espiratory  mechanism  («  ^.,  due  to  affections  of  the  respiratory  muscles  or  nerves  or  pSnM 

w'Leal     ArSelfL      '""P'^r'  'V''''^'''''  due  to  yJrio'us  f 0^  mf 

rS  ztr  Thi  wni  J^^^^^^^^  °f       respirations  is  increased  xu  fchrilc 

conauim^.    Uie  warm  blood  acts  as  a  direct  irritant  of  the  respiratory  centre  in  the  medulli 

t^T^h^'t'T^'y^^  number  of  respirations  to  30-60  per  minute  (- S-dy^pnL^r^^K 
he  carotids  be  placed  in  warm  tubes,  so  as  to  heat  the  blood  going  to  the  meS  oblon^rata 

J  ough'th^e  '^'"""T  Pr'^l^f  ^§  1'^)-  ^^^'^  ^  '^^^  suck%,  it  Sies  e?c^isfve^^^^ 
Sngefto       chad  ]"''  "^^^^^  "^^'^^^^^  "^-^brane  are  fra^'t  S 

resSfetTe';;;c?r^^^^^^         wf         v  P^^-^  can  only 

alternation  of  pauses  and  series Tor^ rn  ii^Fwf      i-r  ^  ^^J*"  P'^""''  ""''^  ^''"'^  ^'^'^''^  i« 

pupils  are  contracted  and  inacH vp    ^ITT^  respirations.    During  the  pause,  the 

sensible  to  S    the  eyebLu  the  respirations  begin,  they  dilate  and  become 

sciousness  wfs  abolT^hei  diSng  tTe  pause  anJtat V  'T'    "ein  observed  that  con- 

u  uuiiuj,  me  pause,  and  that  it  returned  when  respiration  commenced. 


^7-  THE  MUSCLES  OF  FORCED  RESPIRATION. 

Causes.  -Luciani  and  Rosenbach  regard  variations  in  the  excitability  of  the  respiratory  centre 
?S         tT.  n        P  'i'^ '  th«y  ccnpare  with  the  periodic  contraction  of  the  heart 

(§  58).  1  he  o.xcitabi hty  ol  the  respiratory  centre  is  lowest  during  the  pause.  They  observed  this 
phenonienou  after  uyury  o  the  niedu  la  oblongata  above  the  respiratory  centre,  and  after  apS 
produced  in  animals  deeply  naj-cotisod  with  opium,  and  in  the  last  stages  of  Lsphyxia  duS 
respiru  .on  in  a  closed  space.  During  hybernation,  this  mode  of  respiration  is  noma  fn  ilyoxus! 
the  hedgehog,  and  the  caiman.  ^xj^aus, 
bnnf«"°ff "  Re8piratlon._If  frogs  bo  kept  under  water,  or  if  the  aorta  be  clamped,  after  seveml 
hours  hey  become  passive.  II  they  be  taken  out  of  the  water,  or  if  the  clamp  be  removed  from 
the  aorta,  they  gradually  recover  and  always  exhibit  the  Cheyne-Stokes'  phenomenon.    In  such 

temporarily,  while  the  phenomenon  itself  remains 
{Sololoic  and  Luchsmger)  If  the  blood-current  be  arrested  by  ligature  of  the  aorta,  or  if  the 
lio|s  be  bled,  the  respirations  occur  in  groups.  This  is  followed  by  a  few  single  respirations, 
^hII'hI    respiration  ceases  completely.    During  the  pause  between  the  periods,  mechanical 

AnHn^  f  ^       skin  causes  the  discharge  of  a  group  of  respirations  (Siebert  and  Langcndorff). 

Action  of  Drugs. -Muscarin.  digitalin,  curara,  chloral,  sulphuretted  hydrogen,  and  the  poison 
of  many  infectious  diseases  (typhus,  diphtheria,  scarlet  fever)  may  also  cause  periodic  respiration 
introgs  [ which  is  not  due  to  the  action  of  these  drugs  on  the  heart]. 

I  eriodic  respiration  vyithout  any  variation  in  the  size  of  the  individual  respirations— the  so- 
called  Biot  8  respiration  "—occurs  normally  during  sleep.  While  the  nervous  system  as  it 
were  strives  to  rest,  and  thus  forgets  the  respiration,  the  organism  does  not  observe  the  short 
pauses  (J/osso).  [There  is  a  periodic  increase  or  decrease  in  the  depth  of  the  respiration 
especially  in  old  people  and  children,  even  to  the  extent  of  the  respiration  becoming  "remit- 
tent, or  even  "  intermittent,"  for  a  period  of  30  sec.  during  sleep.  During  periodic-respiration 
the  action  of  the  several  respiratory  muscles  does  not  coincide.  As  a  rule,  one  respires  more  than 
is  required  by  the  organism.  Mosso  calls  this  "luxus-respiration."]  Periodic  irregularities 
in  the  respiration  are  often  of  reflex  origin  {Knoll). 

112.  GENERAL  VIEW  OF  THE  RESPIRATORY  MUSCLES. 

(A)  Inspiration. 
I.  During  Ordinary  Inspiration. 

1.  The  diaphragm  {Nervus  plirenicus). 

2.  The  Mm.  levatores  costarum  longi  et  breves  {Rami  posteriores  Nn.  dorsalium). 

3.  The  Mm.  intercostales  externi  et  intercartilaginei  {JSfn.  inter costales). 

II.  During  Forced  Respiration, 
(a)  Muscles  of  the  Trunk. 

1.  The  three  Mm.  scaleni  {Rami  musculares  of  the  plexus  cervicaliset  brachialis). 

2.  M.  sternocleidomastoideus  [Ram.  externus  N.  accessorii). 

3.  M.  trapezius  {R.  externus  N.  accessorii  et  Ram.  musculares  plexus  cervicalis). 

4.  M.  pectoralis  minor  {Nn.  thoracici  anteriores). 

5.  M.  serratus  posticus  superior  (iV.  dorsalis  scapulas). 

6.  Mm.  rhomboidei  (N.  dorsalis  scapulae). 

7.  Mm.  extensores  columnse  vertebralis  {Ram.  posteriores  nervorum  dorsaliutn) 
[8.  Mm.  serratus  anticus  major  {JV.  thoracicus  longus).  1  ?] 

{h)  Muscles  of  the  Larynx. 

1.  M.  sternohyoideus  {Ram.  descenden^  hyjmglossi). 

2.  M.  sternothyreoideus  {Ram.  descendens  hypoglossi). 

3.  M.  cric-o-arytaenoideus  posticus  {N.  laryngeus  inferior  vagi). 

4.  M.  thyreo-arytaenoideus  (iV.  laryngem  inferior  vagi). 

(c)  Muscles  of  the  Face. 

1 .  M.  dilatator  narium  anterior  et  posterior  (iV.  facialis). 

2.  M.  levator  alas  nasi  (iV.  facialis). 

3.  The  dilators  of  the  mouth  and  nares,  during  forced  respiration,  [  "  gasping 
for  breath  "]  (iV.  facialis). 

{d)  Muscles  of  the  Pharynx. 

1.  M.  levator  veli  palatini  (iV.  facialis). 

2.  M.  azygos  uvulaj  {JV.  facialis). 

3.  According  to  Garland,  the  pharynx  is  always  narrowed. 


ACTION  OF  THE  DIAPHRAGM. 


(B)  Expiration. 
I.  During  Ordinary  Respiration. 

The  thoracic  cavity  is  diminished  by  the  weight  of  the  chest,  the  elasticity  of  the 
lungs,  costal  cartilages,  and  abdominal  muscles. 

II.  During-  Forced  Expiration. 

The  Abdominal  Muscles. 

1.  The  abdominal  muscles  [including  the  obliquus  externus  and  internus,  and 
transversalis  abdominis]  {Nn.  abdominis  internis  anteriores  e  nervis  intercostalibiis 
8—12).  ' 

2.  Mm.  intercostales  interni,  so  far  as  they  lie  between  the  osseous  parts  of  the 
ribs,  and  the  Mm.  infracostales  {Nn.  intercostales). 

3.  M.  triangularis  sterni  {Nn.  intercostales). 

4.  M.  serratus  posticus  inferior  {Earn,  extemi  nerv.  dorsalium). 

5.  M.  quadratus  lumborum  {Ham.  muscular  e  plexu  himbali). 

rr^^^-  -5^^™^  ™^  INDIVIDUAL  EESPIEATOEY  mjSCLES.-(A)  Inspiration  -(n 
The  Diaphragm  arises  from  the  cartilages  and  the  adjoining  osseous  parts  of  the  lower  six  ribs 
(costal  portion),  by  two  thick  processes  or  crura,  from  the  upper  three  or  four  lumbar  vertebrae 
and  a  sternal  portion  from  the  back  of  the  ensiform  process.  It  represents  an  arched  double 
cupola  or  dome-shaped  partition,  directed  towards  the  chest;  in  the  larger  concavity  on  the 
right  side  lies  the  liver,  while  the  smaller  arch  on  the  left  side  is  occupied  by  the  spleen  and 
stomach  During  the  passive  condition,  these  viscera  are  pressed  against  the  under  surface  of 
the  diaphragm,  by  the  elasticity  of  the  abdominal  ''uiiace  or 

walls,  and  by  the  intra-abdominal  pressure,  so  that 
the  arch  of  the  diaphragm  is  pressed  upwards  into  the 
chest.  The  elastic  traction  of  the  lungs  also  aids  in 
producing  this  result.  The  gi-eater  part  of  the  upper 
surface  ot  the  central  tendon  of  the  diaphragm  is 
united  to  the  pericardium.  The  part  on  which  the 
heart  rests,  and  which  is  perforated  by  the  inferior 
vena  cava  (foramen  quadrilaterum)  is  the  deepest  part 
ot  the  middle  portion  of  the  diaphragm  during  the 
passive  condition. 

Action  of  the  Diaphragm.— When  the  dia- 
phragm contracts,  both  arched  portions  become 
flatter,  and  the  chest  is  thereby  elongated  from 
above  downwards.  In  this  act,  the  lateral 
muscular  parts  of  the  diaphragm  pass  from  an 
arched  condition  into  a  flatter  form  (fig.  138), 
and  during  a  forced  inspiration  the  lowest 
lateral  portions,  which  during  rest  are  in  con- 
tact with  the  chest-wall,  become  separated 
from  It.  The  middle  of  the  central  tendon 
where  the  heart  rests  (fixed  by  means  of  the 
pericardium  and  inferior  vena  cava)  takes  no 

share  in  this  movement,  especially  in  ordinary  Ficr  133 

Eti^r't      f '  ^^'P'''       ^^Sittal  section  through  "the  second  rib  on 

sp  ration  it  smks  somewhat.  the  right  side.    When  the  arched  mus^ 

Undoubtedly,  the  diaphragm  is  the  most  powerful  ^'^^f  P^'*  °^  ^^^'^  diaphragm  contracts,  a 

agent  m  increasing  the  cavity  of  the  chest.  Biiicke  ^"'ge-shaped  space,  with  its  apex  down- 
Deiieves  that  in  addition  to  increasing  the  length  of  f"'™ed  around  the  circumfer- 

the  thoracic  cavity  from  above  downwards  it  also  °^  ^^'^  P^^'t^  °^  the  chest. 


".u,p,„a,g„i  contracts  the  ribs  are  drawn  invvirrk     Ti,;=  t- 

y      tut  diaphragm.    Every  contraction  of  the  diaphragm,  by  increasing  the 
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intra-abdominal  pressure,  favours  the  venous  blood-current  in  the  abdomen  towards  the  vena 

cava  inferior. 

Phrenic  Nerve. — The  immense  importance  of  the  diaphragm  as  tlic  great  inspiratory  muscle  is 
proved  by  tlie  fact  that,  after  both  phrenic  nerves  (third  and  fourth  cervical  nerves)  are  divided, 
death  occurs.  The  phrenic  nerve  contains  some  sensory  iibres  for  the  pleura,  pericardium,  and 
a  portion  of  the  diaphragm.  The  contraction  of  the  diapliragm  is  not  to  be  regarded  as  a 
"  simple  muscular  contraction,"  since  it  lasts  4  to  8  times  longer  than  a  simple  contraction ;  it 
is  rather  a  short  tetanic  contraction,  which  we  may  arrest  in  any  stage  of  its  activity,  without 
bringing  into  action  any  antagonistic  muscles  {Kroncclcer  and  Marclcwald). 

(2)  The  Elevators  of  the  Eibs. — The  ribs  at  their  vertebral  ends  (which  lie  nmch  higher  than 
their  sternal  ends)  are  united  by  means  of  joints  by  their  heads  and  tubercles  to  the  bodies  and 
transverse  processes  of  the  vertebrte.  A  horizontal  axis  can  be  drawn  through  both  joints, 
around  which  the  ribs  can  rotate  upwards  and  downwards.  If  the  axis  of  rotation  of  each  jiair 
of  ribs  be  prolonged  on  both  sides  until  they  meet  in  the  middle  line,  the  angles  so  formed  are 
greatest  above  (125°),  and  smallest  below  (88°).  Owing  to  the  ribs  being  curved,  we  can  imagine 
a  plane  which,  in  the  passive  (expiratory)  condition  of  the  chest,  has  a  slope  from  behind  and 
inwards  to  the  front  and  outwards.  If  the  ribs  move  on  their  axis  of  rotation,  this  plane 
becomes  more  horizontal,  and  the  thoracic  cavity  is  increased  in  its  transverse  diameter.  As 
the  axis  of  rotation  of  the  upper  ribs  runs  in  a  more  frontal,  and  that  of  the  lower  ribs  in  a  more 
sagittal  direction,  the  elevation  of  the  upper  ribs  causes  a  greater  increase  from  before  back- 
wards, and  the  lower  ribs  from  within  outwards  (as  the  movements  of  ribs  which  are  directed 
downwards  are  vertical  to  the  axis).  The  costal  cartilages  undergo  a  slight  tension  at  tlie  same 
time,  which  brings  their  elasticity  into  play. 

Changes  in  the  Chest. — All  "  inspiratorp  muscles"  which  act  directly  upon,  tJie 
chest-ioall  do  so  hy  raising  the  ribs : — (a)  When  the  ribs  are  raised,  the  intercostal 
spaces  are  widened,  (b)  "When  the  upper  ribs  are  raised,  all  the  lower  ribs  and  the 
sternum  must  be  elevated  at  the  same  time,  because  all  the  ribs  are  connected  with 
each  other  by  means  of  the  soft  parts  of  the  intercostal  spaces,  (c)  During  inspira- 
tion, there  is  an  elevation  of  the  ribs  and  a  dilatation  of  the  intercostal  spaces. 
(The  lowest  rib  is  an  exception  :  during  forced  respiration,  at  least,  it  is  drawn 
downwards.)  (d)  If,  on  a  preparation  of  the  chest,  the  ribs  be  raised  as  in  inspira- 
tion, we  may  regard  all  those  muscles  as  elevators  of  the  ribs,  whose  origin  and 
insertion  become  approximated.  Every  one  is  agreed  that  the  scaleiii  and  levatores 
costarum  longi  et  breves,  the  serratus  posticus  superior,  are  inspiratory  muscles. 
These  are  the  most  important  inspiratory  muscles  which  act  upon  the  ribs. 

Intercostal  Muscles.— "With  regard  to  the  action  of  the  intercostal  muscles,  there 
is  a  great  difference  of  opinion.  According  to  the  above  experiment,  the  external 
intercostals  and  the  intercartilaginous  parts  of  the  internal  intercostals  act  as  in- 
spiratory muscles,  whilst  the  remaining  portions  of  the  internal  intercostals  (as  far  as 
they  are  covered  by  the  external)  are  elongated  when  the  ribs  are  raised,  while  they 
shorten  when  the  chest-wall  descends.  A  muscle  shortens  only  during  its  activity. 
The  internal  intercostals  were  regarded  by  Hamberger  as  depressors  of  the  ribs  or 
expiratory  muscles. 

In  fig.  139,  I,  when  the  rods,  a  and  h  (which  represent  the  ribs),  are  raised,  the  intercostal 
space  must  be  widened  (e />c  d).  On  the  opposite  side  of  the  figure,  it  is  evident  that  when 
the  rods  are  raised,  the  line,  g  A,  is  shortened  {ik<g  h,  direction  of  the  external  intercostals) 
I  m  is  lengthened  {I  m<on,  direction  of  internal  intercostals).  Fig.  139,  II,  shows,  that  when 
the  ribs  are  raised,  the  inter-cartilaginei,  indicated  by  g  h,  and  the  external  intercostals  in- 
dicated by  I  k,  are  shortened.  When  the  ribs  are  raised,  the  position  of  the  muscular  fabres  is 
indicated  by  the  diagonal  of  the  rhomb  becoming  shorter. 

The  mode  of  action  of  the  intercostal  muscles  is  an  old  story,  Galen  (131-203  a.d.)  regarding 
the  externals  as  inspiratory,  the  internals  as  expiratory.  Hamberger  (1727)  accepted  this 
proposition,  and  considered' the  intercartilaginei  also  as  inspiratory.  Haller  looked  iipon  both 
the  external  and  internal  intercostals  as  inspiratory,  while  Vesahus  (1540)  regarded  both  as 
expiratory.  Landerer,  observing  that  the  upper  two  or  three  intercostal  spaces  became  narrower 
durin"  inspiration,  regarded  both  as  active  during  inspiration  and  expiration.  Ihey  keep  one 
rib  attached  to  the  other,  so  that  their  action  is  to  transmit  any  strain  put  upon  tliem  to  tbe 
wall  of  the  chest.  On  this  view  they  will  be  in  action,  even  when  the  distance  between  tlieir 
points  of  attachment  becomes  greater.  Landois  regards  the  external  intercostals  and  inter- 
cartilaginei as  active  only  during  inspiration,  the  internal  intercosta  s  only  ^""'V^  expiration 
Martin  and  Hartwell  exposed  the  internal  interco.stals,  and  observed  whether  they  .ontractea 
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along  with  the  diaphragm,  or  whether  the  contractions  of  these  two  muscles  alternate  As  the 
result  ol  their  experiments  they  conclude  that  "the  internal  intercostal  muscles  are  expiratorv 
throughout  their  whole  extent,  at  least  in  the  dog  and  cat ;  and  that  in  the  former  ani.ual  thev 
aie  almost  ordinaiy  muscles  of  respiration,  while  in  the  latter  they  are  'extraordinary' 
respiratory  muscles."]     Landois  is  of  ^  .v^iauiumary 

ojiinion  that  the  eUaf  action  of  these 
luuscles  is  not  to  raise  or  depress  the 
ribs,  but  rather  that  the  external  inter- 
costals  and  the  intercartilagiuei  offer 
resistance  to  the  inspiratory  dilatation 

of  the  intercostal  spaces,  and  to  the 

simultaneously  increased  elastic  tension 

of  the  lungs.    The  internal  intercostals 

act  during  powerful  expiratory  efforts, 

(e.g.,  coughing),  and  oppose  the  disten- 
sion of  the  lungs  and  chest  caused  by 

this  act.    Unless  muscles  were  present 

to  resist  the  uninterrupted  tension  and 

pressure,  the  intercostal  substance  would 

become  so  distended  that  respiration 

would  be  impossible.     [According  to 

Kutherford,  the  internal  intercostals  are 

probably  muscles  of  inspiration.] 

The  Pectoralis  minor  and 
(?Serratus  anticus  major)  caa 

only  act  as  elevators  of  the  ribs 
when  the  shoulders  are  fixed,  jmrtly 
by^  the  rhomboidei,  and  partly  by 
fixing  the  shoulder-joint  and  sup- 
porting the  arms,  as  is  done  instinc- 
tively by  persons  suffering  from 
breathlessness. 

(3)  Muscles  acting  on  the  Ster- 
num,   Clavicle,    and    Vertebral      Scheme  of  the  action  of  the  intercostal  muscles. 

SsrS;e~rr^,iSr?'  ^^!f  sternocleidomastoid 

raises  tne  manubrium  sterni  and  the  sternal  end  of  the  clavicle  sn  thai-  fl.^  +1,^ 

raised  and  thereby  dilated..   The  scaleni  also  aid  in  tTract  tCS^^^^^^^^ 

IS  ^''^  ^  ^^t^^^gl^        energetic  manner     When  he 

veHebral  column     straightened,  it  causes  an  elevation  of  °the  upper  ribs  and  a  d  la 
tation  of  the  intercostal  spaces  which  aid  inspiration.    DuringTep  esiion^  h^^^ 
straightemng  of  the  vertebral  column  takes  place  involuntarily 
thit ^^boured  respiration,  with  every  inspiration 

(B)  EvSi^r    n  r       *  wspiration  the  pharynx  becomes  narrow  (Garland) 
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of  expiration,  and  tend  to  untwist  theniBelves  ;  at  the  same  time,  the  elasticity  of 
the  distended  lungs  draws  upon  the  thoracic  walls  and  the  diaphragm.  Lastly, 
the  tense  and  elastic  abdominal  walls,  which,  in  man  cliiefly,  are  stretched  and 
pushed  forward,  tend  to  return  to  their  non-distended  passive  condition  when  the 
abdominal  viscera  are  relieved  from  the  pressure  of  the  contracted  diaphragm. 
(When  the  position  of  the  body  is  reversed,  the  action  of  the  weight  of  the  chest  is 
removed,  but  in  place  of  it  there  is  the  weight  of  the  viscera,  which  press  upon  the 
diaphragm.) 

The  abdominal  muscles  [obliquus  internus  and  externus,  transversalis  abdominis 
and  levator  ani]  are  always  active  during  laboured  respiration.  They  act  by  diminish- 
ing the  abdominal  cavity,  and  they  press  the  abdominal  contents  upwards  again.st  the 
diaphragm.  When  they  act  simultaneously,  the  abdominal  cavity  is  diminished 
throughout  its  whole  extent.  The  triangularis  sterni  depresses  the  sternal  ends 
of  the  united  cartilages  and  bones,  from  the  third  to  sixth  ribs  downwards  ;  and  the 
serratus  posticus  inferior  depresses  the  lowest  four  ribs,  causing  the  others  to 
follow.  It  is  aided  by  the  quadratus  lumborum,  which  depresses  the  last  rib. 
According  to  Henle,  the  serratus  posticus  inferior  fixes  the  lower  ribs  for  the  action 
of  the  slips  of  the  diaphragm  inserted  into  them,  so  that  it  acts  during  inspiration. 
According  to  Landerer,  the  downward  movement  of  the  ribs  in  the  lower  part  of 
the  thorax  dilates  the  chest. 

In  the  erect  position,  when  the  vertebral  column  is  fixed,  deep  inspiration  and  expiration 
naturally  alter  the  position  of  the  centre  of  gravity,  so  that  during  inspiration,  o\ving  to  the 
protrusion  of  the  thoracic  and  abdominal  walls,  the  centre  of  gravity  lies  somewhat  more  to  the 
front.  Hence,  with  each  respiration  there  is  an  involuntary  balancing  of  the  body.  During 
very  deep  inspiration,  the  accompanying  straightening  of  the  vertebral  column  and  tlie  throw- 
ing backwards  of  the  head  compensate  for  the  protrusion  of  the  anterior  walls  of  the  trunk. 

114,  RELATIVE  DIMENSIONS  OF  THE  CHEST.— The  diameter  of  the  chest  is  ascertained 

by  means  of  callipers  ;  the  circumference  with  a  flexible  centimetre  or  other  measure. 

In  strong  men,  the  circumference 
of  the  upper  part  of  the  chest  (imme- 
diately under  the  arms)  is  88  centi- 


Fig.  141. 
Sibson's  thoracometer. 


Fig.  140. 

Cyrtometor  curve.    Left  side  of  the  chest  re- 
tracted in  a  girl  aged  twelve. 

metres  (34-3  inches),  in  females  82  centimetres  (32  inches);  at  the  level  of  the  ensi- 
form  process  82  centimetres  (32  inches)  and  78  centimetres  (30-4  inches)  respec- 
tively. When  the  arms  are  iilaced  horizontally,  during  moderate  expiration,  the 
circumference  immediately  under  the  nipple  and  the  angles  of  the  scapute  is  equal 
to  half  the  length  of  the  body ;  in  man  82,  and  during  deep  ins]nration  89  centi- 
metres. The  circumference  at  the  level  of  the  ensiforra  cartilage  is  6  centimetres 
less.    In  old  people,  the  circumference  of  the  upper  part  of  the  chest  is  diminished, 
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SO  that  the  lower  part  becomes  the  wider  of  the  two.  The  right  half  of  the  chest  is 
usually  slightly  larger  than  the  left  half,  owing  to  the  greater  development  of  the 
muscles  on  that  side.  The  long  diameter  of  the  chest— from  the  clavicle  to  the 
margin  of  the  lowest  rib — varies  very  much. 

The  transverse  diameter  in  man,  above  and  below,  is  25  to  26  centimetres  (9-7 
to  10-1  inches),  in  females  23  to  24  centimetres  (8-9  to  9-2  inches);  above  the 
nipple  it  is  1  centimetre  more.  The  antero-posterior  diameter  (distance  of 
anterior  chest- wall  from  the  tip  of  a  spinous  process)  in  the  upper  part  of  the  chest 
is  =  17  (6-6  inches),  in  the  lower  19  centimetres  (7-4  inches).  Valentin  found 
that  in  a  man,  during  the  deepest  inspiration,  the  chest  on  a  level  with  the 
groove  in  the  heart  was  increased  about  while  Sibson  estimates  the  increase 

at  the  level  of  the  nipple  to  be 

Thoracometer.— In  order  to  obtain  a  knowledge  of  the  degree  of  movement— rising  or  fall- 
ing—of  the  chest-wall  during  respiration,  various  instruments  have  been  invented  The 
thoracometer  (fig.  141)  measures  the  elevation  in  difierent  parts  of  the  sternum  It  consists  of 
two  metalhc  bars  placed  at  right  angles  to  each  other  ;  one  of  them,  A,  is  placed  on  the 
vertebral  column.  On  B  there  is  placed  a  movable  transverse  bar,  C,  which  carries  on  its 
free  end  a  toothed  rod,  Z,  directed  downwards.  The  lower  end  of  this  rod  is  provided  with 
a  pad  which  rests  on  the  sternum,  while  its  toothed  edge  drives  a  small  wheel,  which  moves 
^°T^^  excursions  are  indicated  on  a  circle  with  a  scale  attached  to  it. 

The  Cyrtometer  of  Woillez  consists  of  a  brass  chain  of  movable  links,  to  be  applied  in  a  definite 
direction  to  part  of  the  chest-wall,  e.g.,  transversely  on  a  level  with  the  nipple,  or  verticallv 
upon  the  mamniiUary  or  axillary  lines  anteriorly.  There  are  freely  movable  links  at  two  parts 
whicli  permit  the  chain  to  be  easily  removed,  so  that  as  a  whole  it  still  retains  its  form  The 
chain  IS  laid  upon  a  sheet  of  paper,  and  a  line  drawn  with  a  pencil  around  its  inner  margin 
gives  the  form  of  the  thorax  (fig.  140).    [A  lead  wire  answers  the  same  purpose.  ] 

Limits  of  the  Lungs.— The  extent  and  boundaries  of  the  lungs  are  ascertained 
in  the  hying  subject  by  means  of  percussion,  which  consists  in  lightly  tapping  the 
chest-wall  by  means  of  a  hammer  (percussion-hammer).  A  small  ivory  or  bone 
plate  or  pleximeter,  held  in  the  left  hand,  is  laid  on  the  chest,  and  the  hammer  is 
made  to  strike  this  plate,  whereby  a  sound  is  emitted,  which  sound  varies  with  the 
condition  of  the  subjacent  lung-tissue,  ^enever  the  lung-substance  in  contact 
witn  the  chest-wall  contains  air,  a  clear  resonant  tone  or  sound— such  as  is  obtained 
by  striking  a  vessel  containing  air,  a  clear  percussion-sound— is  obtained.  Where 
the  lung  does  not  contain  air,  a  dull  sound— like  striking  a  limb-is  obtained 
it  the_  parts  containing  air  be  very  thin,  or  only  partially  filled  with  air,  the 
sound  IS  "  muffled."  ^  l         j  >  p 

Fig.  142  indicates  the  relation  of  the  lungs  to  the  anterior  surface  of  the  chest. 
Ihe  apices  ofthe  lungs  reach  3  to  7  centimetres  (M  to  2-7  inches)  above  the 
clavicles  anteriorly,  while  posteriorly  they  extend  from  the  spines  of  the  scapulae 
as  high  as  the  seventh  spinous  process.  The  loioer  margin  of  the  right  lung  in  the 
passive  position  (moderate  expiration)  of  the  chest,  commences  at  the  right  m^v^in 
of  the  sternum  at  the  insertion  of  the  sixth  rib,  runs  under  the  right  nipple,  nearly 
parallel  to  the  upper  border  of  the  sixth  rib,  and  descends  a  litUe  in  the  axinaiy 
Dosl'tion  of'trr  TTf  "b.    On  the  left  side  (apart  from  the' 

Tnti         ^^^^'"^^)'  down  anterioriy  as  the  right, 

both  r        f  i^'  ^"^^'^  ^'"^^  «^  ^^'^  I-'^^^i^-^  ^'^^si  Fosteriorl^^ 

W  desfend  f     T  ^•^^'^"S       deepest^'inspiration,  the 

X  e  evpnr  k"^^  ^  I''  'i  i^'""  '^^^  ^""^  '^'^'''^  "bs,  and  poster  orly 
0  the  eleventh  rib-whereby  the  diaphragm  is  separated  from  the  thoracic  wall 

elevated  almoi  r^  .  '^'.f  '^^P^ration,  the  lower  margins  of  the  lungs  are 
t7^lfi  1  ^^^^  '^'''=^^d  d^'-iog  inspiration.    In  fig.  142^  vt,  n 

^ZtZn    nZ^'""        f 't'  ^""f/^^ri'^g  deep  inspiration  ;  h,  I,  durin.'  de'e 
Ser  than  t/""''  f       '^f'r^^  '^^^^^"^  ^y  the  costal  pleura  i^  considerably 
Sn  nr.lfp  1  '''''''^^''T'  °^       ^"°S-    This  is  specially  marked  at  the  loweV 
margin  of  the  lung,  and  where  the  left  lung  is  incised  ovei  the  heart.    In  these 
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regions,  during  expiration,  the  surfaces  of  the  visceral  and  parietal  pleura?  are  in 
contact,  but  during  inspiration  they  are  separated,  and  allow  the  thin  margins  of 
the  lung  to  be  insinuated  between  them.  This  available  space  is  called  comple- 
mental  space  {Gerhanlt),  or  "disposable"  or  reserve-pleural  space  by  Luschka 
{Eichhorst).  ] 

•.  It  is  important  to  observe  the  relation  of  the  margin  of  the  left  lung  to  the  heart. 
In  fig.  142  a  somewhat  triangular  space,  reaching  from  the  middle  of  the  point  of 
insertion  of  the  fourth  rib  to  the  sixth  rib  on  the  left  side  of  the  sternum,  is 
indicated.  In  the  passive  chest,  the  heart  lies  in  contact  with  the  thoracic  wall  in 
this  triangular  area  (§  56).  This  area  is  represented  by  the  triangle  t,  t',  t",  and 
percussion  over  it  gives  a  dull  sound  (superficial  dulness). 

In  the  area  of  the  larger  triangle,  d,  d',  d",  where  the  heart  is  separated  from'the 
chest-wall  by  the  thin  anterior  margins  of  the  lung,  percussion  gives  a  muffled  sound, 
while  further  outwards  a  clear  lung  percussion-sound  is  obtained.  During  deep 
inspiration,  the  inner  margin  of  the  left  lung  reaches  over  the  heart  as  far  as  the 


Kg.  142 

Topography  of  the  lungs  and  heart.  Ji,  I,  upward  limit  of  margin  of  lung  during  deepest  expira- 
tion ;  m,  n,  lower  limit  during  deepest  inspiration  ;  t,  t',  i",  triangular  area  where  the 
heart  is  uncovered  by  lung,  dull  percussion-sound  ;  d,  d',  d",  muffled  percussion-sound  ;  t, 
i',  anterior  margin  of  left  lung  reaches  this  line  during  deep  inspiration,  and  during  deep 
expiration  it  recedes  as  far  as  c,  e'. 

insertion  of  the  mediastinum,  whereby  the  dull  sound  is  limited  to  the  smallest 
triangle,  t,  i,  i.  Conversely,  during  very  complete  expiration,  the  margin  of  the 
lung  recedes  so  far  that  the  cardiac  dulness  embraces  the  space,  t,  e,  t-'. 

115.  PATHOLOGICAL  PERCUSSION-SOUNDS.— Abnormal  Dulness.— The  normal  clear  re- 
sonant percussion-sound  of  the  lungs  becomes  muffled  when  inliltratiou  takes  place  into  the 
lungs,  so  as  to  diminish  the  normal  amount  of  air  within  them,  or  when  the  lungs  are  com- 
pressed from  without,  e.g.,  by  ed'usion  of  fluid  into  the  pleura.  The  percussion-sound  becomes 
clearer  when  the  chest-wall  is  very  thin,  as  in  spare  individuals,  during  very  deep  inspiration, 
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and  especially  in  emphysema,  where  the  air- vesicles  of  certain  parts  of  the  lune  (anices  a,„l 
margins)  become  greatly  dilated.  *  (.apices  ana 

The  pitch  of  the  percussion -sound  ought  also  to  be  noted.  It  depends  upon  the  greater  or 
less  tension  ot  the  elastic  pulmonary  tissue,  and  on  the  elasticity  of  the  thoracic  w^all  Tl  - 
tension  of  the  elastic  tissue  is  increased  during  inspiration  and  diminished  during  expiratioji  so 
that  even  under  physiological  conditions,  the  pitch  of  the  sound  varies 

The  sound  is  said  to  bo  tympanitic  when  it  has  a  musical  quality  resembling  in  its  timbre 
the  sound  produced  on  drums,  and  when  it  has  a  slight  variation  in  pitch.  If  a  caoutehou  • 
ball  be  placed  near  the  ear,  on  tapping  it  gently,  a  u'ell-marked  tympanitic  sound  is  heard  and 
the  sound  is  of  higher  pitch  the  smaller  the  diameter  of  the  ballt  A  tympanitic  sound  "s 
always  produced  on  tapjnng  the  trachea  in  the  neck.  A  tympanitic  sound  produced  over  thr 
chest  xs  always  tndicatvve  oj  a  diseased  condition.  It  occurs  in  cases  of  cavities  or  vomica,  w  th  n 
the  substance  of  the  lung,  (the  sound  becomes  deeper  when  the  mouth,  or  better  th^  nout 
and  nose;  are  closed),  when  air  is  present  in  one  pleural  cavity,  as  well  as  in  conditions  v here 
the  tension  0  the  pulmonary  tissues  is  diminished.  The  tympanitic  sound  resemWes  the 
mdalhc  tmJchng  M,  is  heard  in  large  pathological  cavitie^  iA  the  lungs,  or  wh  ch  occlrs 
when  the  pleural  cavity  contains  air,  and  when  the  conditions  which  permit  a  moi4  un^b rm 
reflection  of  the  sound-waves  within  the  cavity  are  present.  •  unuoim 

[When  a  cavity,  freely  communicating  with  a  largo  bronchus,  exists  in  the  unner  and 
anterior  part  of  the  ung,  a  peculiar  "cracked-pot  soluid-  is  heard  on  percussin"T  r  the 
part.  Some  notion  of  this  sound  may  be  obtained  by  clasping  the  two  hrnids  so  as  ?o  bri^l  th' 
■  l^tl  ^'^-^y.togetlier,  leaving  an  air-space  between,  and  then  stiikinrtliem  L  tt  fnee 
When  percussion  is  made  over  a  large  cavity  communicating  with  a  bronchus,  some  of  the  aii  is 
expelled  and  the  sound  thereby  emitted  is  blended  with  th?  fundamental  no  e  ot  the  aS  in  the 
cavity  1  sell,  the  combination  of  these  two  sounds  thus  producing  the  -  cracked  pot "  sound  1 

of  t  P  ,     *  e'^^™i"'''tion  presents  gi-eat  or  small  resistance  to  the  bio/  eit  er 

l.  HHfpff  ^^"^  fi'^g'^^'^'  ^«  tli'^  case  may  be,  m  S 

^  KomS^°"  exerting  much  pressure  on,  and  so  distending,  the  thoracic  walls].^  '  " 
l-iionometry.  — If  the  stem  of  a  vibrating  tuning-fork  be  placed  on  the  chest- wall  ovpv  « 

tarns  little  or  no  air,  its  sound  is  enfeebled  (von  Baas).  '  ^  ^ 

116  THE  NORMAL  RESPIRATORY  SOUNDS.-If  the  ear  directly  or 
thiough  the  medium  of  a  stethoscope,  be  placed  ia  connection  with  the  chest-wall  we 
hear  over  the  entire  area,  where  the  lung  is  in  contact  with  the  chest,  the  so-callld 
'  normal  vesicular  sound,"  which  is  audible  during  inspiration,  a^d  L  typ  al 
haracters  may  be  studied  by  listening  in  the  infra-scapular  region  in  an  adu  f  I 

acheralaSi::'"7fr"''  ^"^^t  ^^"''^^"^  increases^n  intensity  untiH 
reacnes  a  maximum,  and  falls  away  before  expiration  begins!     It  is  «aid  to  bp 

caused  by  the  sudden  dilatation  of  the  air-vesicles  (hence  "  ve!icu  ar  ")  dm-ii^  Lpi,a 

tZ\T  ^'"'''"'^  *°       ^"^'^^^'^  «f  the  current  of  air  entering  he  alveoU 

The  sound  has  at  one  time,  a  soft,  at  another,  a  sharper  character  •  the  lattei  occur; 

tion     Thi.  i  Vn?l      iT^  i«  «^^bjected  to  greater  fric^ 

breathil     It  f^Z'f,^y.^f.'^P^ratorj,  sound,  which  may  be  absent  during  quiet 

th    a^^  ^passk?  ont  of'  tT  '  ^^^^^'^^^^        ^^^^^-^^er,  caused  by 

tub  dir  passing  out  of  the  air-vesicles,  is  three  or  four  times  shnrtm-  tbon  fii 
inspiratory,  is  loudest  at  first,  and  soon  disappears  the  letter  ^it  of Ti  p  pv  / 
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of  the  chest,  the  vesicular  sound  obscures  the  tubular  or  bronchial  sound.    If  the 
air-vesicles  are  deprived  of  their  air,  the  tubular  breathing  becomes  distinct. 

Bronchial  respiration  is  produced  chiefly  in  the  larynx,  owing  to  the  formation  of 
air-eddies  in  consequence  of  the  narrowing  of  the  respiratory  part  of  the  glottis. 
This  "  laryngeal  stenosis  sound  "  excites  resonance  of  the  tracheo-bronchial  column  of 
air,  and  communicates  to  it  the  specific  character  of  bronchial  breathing  which  is 
heard  over  the  large  tubes  of  the  bronchial  system  {Dehio). 

It  is  asserted  that,  when  lungs  containing  air  are  placed  over  the  trachea,  the  tubular  sound 
there  produced  becomes  vesicular.  In  this  case,  we  must  suppose  that  the  vesicular  sound 
arises  from  the  tubular  breathing  becotniug  weakened,  and  acoustically  altered  by  being 
conducted  through  the  lung  alveoli.  A  sighing  sound  is  ofteu  produced  at  the  apertures  of 
the  nose  and  mouth  during  forced  inspiration. 

117.  PATHOLOGICAL  EESPIEATORY  SOUNDS.— [The  breath-sounds  heard  in  disease  may 
be  merely  modifications  of  the  normal  vesicular  or  bronchial  sounds,  or  new  sounds,  such  as 
friction  sounds,  rales,  orrhonchi.] 

[Puerile  Breathing  is  merely  an  exaggerated  vesicular  sound,  so  called  because  it  resembles 
the  louder  vesicular  sound  heard  in  children.  It  occurs  when  some  part  of  the  lung  is  unable  to 
act,  and  there  is,  as  it  were,  extra  work  of  the  other  parts  to  compensate,  and  thus  the  sound  is 
exaggerated.] 

(1)  Bronchial  or  Tubular  Breathing  occurs  over  the  entire  area  of  the  lung,  either  when  the 
air- vesicles  nxe,  devoid  of  air,  which  may  be  caused  by  the  exudation  of  fluid  or  solid  constituents, 
or  when  the  lungs  are  compressed  from  without.  In  both  cases  vesicular  sounds  disappear,  and 
the  condensed  or  solidified  lung-tissue  coiulucls  the  tubular  sound  of  the  large  bronchi  to  the 
surface  of  the  chest.  [The  sound  heard  over  a  hepatised  lobe  of  the  lung  in  pneumonia  is  a 
typical  example.]  It  also  occurs  in  large  cavities,  with  resistent  walls  near  the  surface  of  the 
lung,  provided  these  cavities  communicate  with  a  large  bronchus.  [In  this  case  it  is  termed 
cavernous  breathing.] 

(2)  The  amphoric  sound  is  compared  to  that  produced  by  blowing  over  the  mouth  of  an 
empty  bottle.  It  occurs  either  when  a  cavity— least  the  size  of  the  list— exists  in  the  lung, 
which  is  so  blown  into  during  respiration  that  a  peculiar  amphoric-like  sound,  with  a  metallic 
timbi-e,  called  metallic  tinkling,  is  produced  ;  or  when  the  lung  still  contains  air,  and  is  capable 
of  expansion  ;  as  there  is  still  air  in  the  pleural  cavity,  it  acts  as  a  resonator,  and  causes  an 
amphoric  sound,  simultaneous  with  the  change  of  air  in  the  lungs.  [The  amphoric  sound  or 
echo  and  metallic  tinkling  are  the  only  certain  signs  of  the  existence  of  a  cavity  in  the  lung.] 

(.3)  If  obstruction  occurs  in  the  course  of  the  air-passages  of  the  lungs,  various  results  may 
accrue,  according  to  the  nature  of  the  resistance  -.—{a)  owing  to  various  causes,  eg  m  the 
apices  of  the  lungs,  there  may  be  partial  swelling  of  the  walls  of  the  air-tubes,  or  uifilti-atiou 
into  the  air-ceUs  which  hinders  the  regular  supply  of  air.  In  these  cases,  parts  of  the  lung 
are  not  supplied  with  air  continuously  ;  it  only  reaches  them  periodicallj',  when  a  cogwheel 
sound  occurs.  A  similar  sound  may  be  heard  occasionally  in  a  normal  lung,  when  the 
muscles  of  the  chest  contract  in  a  periodic  spasmodic  manner.  (&)  When  the  air  entering  large 
bronchi  causes  the  formation  of  bubbles  in  the  mucus  which  may  have  accumulated  there 
"  mucous  rales  "  are  produced.  They  also  occur  in  small  spaces  when  the  walls  are  separated 
from  then-  fluid  contents  by  the  air  entering  during  inspiration,  or  when  the  walls,  being  adherent 
to  each  other,  are  suddenly  pulled  asunder.  The  rales  are  distinguished  as  mo^st  (when  the 
contents  are  fluid),  or  as  dry  (when  the  contents  are  sticky)  ;  they  may  be  inspiratory,  ex^piratory, 
or  conti 
cracklin 


of  hair  between  the  fingers  near  one's  ear  ;  they  occur  only  during  inspiration,  and  are  a  prool  that 
some  air  is  entering  the  air-vesicles.  It  is  heard  in  its  typical  torm  during  the  first  s  age  of 
pneumonia,  and  seems  to  be  produced  by  the  bursting  of  minute  bubbles  of  air  m  a  Wuid.  J  (cj 
When  the  mucous  membrane  of  the  bronchi  is  greatly  swollen,  or  is  so  covered  with  Mscid 
mucus  that  the  air  must  force  its  way  through,  deep  sonorous  rhonchi  .(/"h"";  f  XI 
occur  in  the  large  air-passages,  and  clear  shrill  sibilant  sounds  (rhonchi  sibilantcs)  "  *  f^^^^^^^^^ 
ones.  [Rhonchi  are  isualfy  due  to  catarrh  or  to  aftcctions  of  the  bronchia  mucous  "  e'nbraiie 
or  bronchitis.]  When  there  is  extensive  bronchial  catarrh,  not  unfrequently  we  feel  the  chtst- 
wall  vibrating  with  the  rale  sounds  (bronchial  fremitus).  ,  .  ,   ^,    ,       •  ii„„.„i 

(4)  If  fluid^nd  air  occur  together  in  one  pleural  cavity  m  which  t^'*^  fP^f^*^' 
shaking  the  person's  thorax  vigorously  we  hear  a  sound  such  as  is  prodiiccd  ^^hen  air  and 
water  are  shaken  together  in  a  bottle.    This  is  the  snccnssion  sound  of  Hippocrates.  Much 
more  rarely  this  sound  is  heard  under  similar  conditions  m  large  pulmonaii  unities 

f5)  P  eural  Friction. -When  the  two  oi^posed  surfaces  of  the  pleura  are  inllamed,  ha^e 
beLL  sott  aud  aix.  covered  with  exudation,'  they  move  over  each  other  during  respiration,  and 
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in  doing  so  give  rise  to  friction-soiinds,  wlucli  cau  bo  felt  (often  by  the  patient  himself^  and 
can  also  be  heard.    The  sound  is  comparable  to  the  sound  produced  by  bonding  now  leather' 

(6)  Pectoral  Fremitiis.  — When  we  speak  or  sing  in  a  loud  tone,  the  walls  of  the  chest  vibrate 
because  the  vibration  of  the  vocal  cords  is  ]iropagated  throughout  the  entire  bronchial  ramificn' 
tions.  The  vibration  is,  of  course,  greatest  near  the  trachea  and  largo  bronchi.  The  ear  cannot 
detect  the  sounds  distinctly.  If  there  be  much  exudation  or  air  in  the  pleura,  or  o-reat  accumula 
tion  of  mucus  in  tlio  bronchi,  the  pectoral  fremitus  is  diminished  or  altogethei'  absent  rin 
health,  when  a  person  speaks,  the  vocal  resonance  over  the  trachea,  althoucdi  loud  niav  bo 
inarticulate  ;  and  on  listening  over  the  sternum  the  sound  is  diminished  audqmte  inarticulate  • 
while  over  the  chest-wall  generally  the  sound,  though  distinct,  is  feeble.     '  ' 

All  conditions  which  cause  bronchial  breathing  increase'  the  pectoral  fremitus  Under 
normal  circumstances,  therefore,  it  is  louder  where  bronchial  breathing  is  heard  norina'Hy  The 
ear  hears  an  intensified  sound,  called  bronchophony,  [which  is  a  sound  like  that  heard  iiormallv 
over  the  trachea  or  bronchi,  but  audible  over  the  vesicular  luug-tissue.  The  conditions  that 
cause  It  are  the  same  as  those  on  which  bronchial  breathing  depends  so  that  it  is  heard  in 
pneumonia  and  phthisis.  If,  through  effusion  into  the  pleura  or  inflammatory  processes  "in  the 
lung-tissue,  the  bronchi  are  pressed  flat,  a  peculiar  bleating  sound  (segophony)  niay  be  heard.] 

118.  PRESSURE  IN  THE  AIR-PASSAGES  LURING  RESPIRATION  — 

Respiratory  Pressure.— If  a  manometer  be  tied  into  the  trachea  of  an  animal 
so  that  the  respiration  goes  on  completely  undisturbed,  i.e.,  normal  respiration' 
durmg  every  inspiration  there  is  a  negative  pressure  (-  3  mm.  Hg)  and  durincr 
expiration  a  positive  pressure.    Bonders  placed  the  (J-sliaped  manometer  tube  in 
oiie  nostril,  closed  his  mouth,  leaving  the  other  nostril  open,  and  respired  quietly 
During  every  quiet  inspiration  the  mercury  showed  a  negative  pressure  of  -  1  mm 
and  during  expiration  a  positive  pressure  of  2-3  mm.  (Hg).  ' 

Forced  Respiration.— As  soon  as  the  air  was  inspii^d  or  expired  with  greater 
force,  the  variations  in  pressure  became  very  much  greater,  e.g.,  during  speaking 
singmg,  and  coughing.    The  inspiratory  pressure  was  =  -  57  mm   (36-74)  the 
greatest  expiratory  pressure  +  87  (82-100)  mm.  Hg.    The  pressure  of  forced  expira- 
tion, therefore,  is  30  mm.  greater  than  the  inspiratory  pressure  IDonders) 

Resistance  to  Inspiration. -Notwithstanding  this,  we  must  not  conclude  that  the 
expiratory  muscles  act  more  powerfully  than  the  inspiratory  ;  for  during  inspiration 
a  variety  of  resistances  have  to  be  overcome,  so  that  after  these  have  been  met,  there 
IS  only  a  residue  of  the  force  for  the  aspiration  of  the  mercury.  The  resistances  to 
be  overcome  by  the  inspiratory  muscles  are  :-(l)  The  elastic  tension  of  the  lunas 

mm  HW"^1 07^  =  /  >  during  the  deepest  inspirations  =  30 
mm.  Hg  (§  10/).  (2)  The  raising  of  the  weight  of  the  chest.  (3)  The  elastic 
rS  t-  'r  r^''^  cartilages     (4)  The  depression  of  the  abdominal  contents,  and 

Sn    7^j^ — ^  — ^  -  ^^^^  . 

Intra-thoracic  Pressure.— As  the  lungs  within  the  chest,  in  virtue  of  their  elas 
tic.  y,  continually  strive  to  collapse,  necessarily  they  must  cause  a  negattfp  ssui' 
the  chest.    This  amounts  in  dogs,  during  inspiration,  to  -  7-1  to -75  mm  H- 

wt^atZf  T.'^-'t?"-  ^"^^  corresponding  values  iol  ZT^Je 

Deen  estimated  at  -  4-5  mm.  Hg  and  -  3  mm.  Hg,  by  Hutchinson. 

anSuhcTnt'-SS'^^^^^^^^^^^^ 

chest  is  passive,  but  less  than  it  as  the  p  w        •       ''i  ''^t'Po^rlienc  pressure  when  th^ 

styKwfs'f^itfiSThS^^^^^^ 

pericardium  (sheep).     The  s  yiyte  "^'-^^^       ^t^'™^""  and  pushed  into  the 

manometer,  and  the  negativf  pitsuvrof  -  3  t^  n  t^^^  ^r'^'  ™">"^^cted  with  a 

dyspnoea  it  was  -9  mm        ^  Kosentltl 7L,tl n    i^™'        Y''^  obtained.    During  severe 
Hu.  iig.    itosentfiai  introduced  an  oesophageal  sound  with  an  elastic 
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ampulla  on  its  lower  end  into  tlie  cusoplmgus,  so  that  tlio  ampulla  came  to  lie  opposite  the 
jiosterior  modiastinuui.  The  sound  wiis  connected  with  a  registering  tambour  or  manometer. 
During  inspiration  the  manometer  fell,  and  during  inspiration  it  rose.] 

Even  the  greatest  ins]iiratory  or  ex])iratory  pressure  is  always  much  less  than  the  blood- 
pressure  in  the  large  arteries  ;  but  if  the  pressure  be  calculate<l  upon  the  entire  respiratory 
surface  of  the  thorax,  very  considerable  results  arc  obtained. 

Pneiimatometer. — This  instrument  of  Walilenburg  is  merely  a  mercurial  manometer  fixed  to  a 
stand,  and  connected  to  an  clastic  tube  with  a  suitable  mouthpiece,  which  is  fitted  over  the 
mouth  and  nose,  while  the  variations  of  the  Hg  can  be  read  off  on  a  scale.  [In  the  male,  the 
expiratory  pressure  is  90-120  mm.  Hg,  and  the  respiratory  70-100.  The  relation  of  the 
pressures  during  expiration  and  inspiration  is  more  important  than  the  absolute  pressure.] 
'fhc  inspiratory  pressure  is  diminished  in  nearly  all  diseases  where  the  expansion  of  the  lung  is 
inapaired  [phthisis],  or  the  expiratory  pressuie  is  diminished,  as  in  emphysema  and  a.sthma. 

Effects  of  the  first  Eespiration  on  the  Thorax. — Until  birth,  the  airless  lungs  are  completely 
■collapsed  (atolectic)  within  the  chest,  and  fill  it,  so  that  on  opening  the  chest  in  a  dead  fcetus, 
pneumo-thorax  does  not  occur  (Bernstein).  Supposing,  however,  respiration  to  have  been  fully 
established  after  birth,  and  air  to  have  freely  entered  the  lungs,  if  a  manometer  be  placed  in 
connection  with  the  trachea,  and  the  chest  be  opened,  the  manometer  will  register  a  pressure  of 
6  mm.  Hg,  due  to  the  collapse  of  the  elastic  lungs.  Bernstein  supposes  that  the  thorax  assumes 
a  new  permanent  form,  due  to  the  first  respiratory  distension  ;  it  is  as  if,  owing  to  the 
respiratory  elevation  of  the  ribs,  the  thorax  had  become  permanently  too  large  for  the  lungs, 
which  are,  therefore,  kept  permanently  distended,  but  collapse  as  soon  as  air  passes  into  the 
pleura.  When  a  lung  has  once  been  filled  with  air,  it  cannot  be  emptied  by  pressure  from 
without,  as  the  small  bronchi  are  compressed  before  the  air  can  pass  out  of  the  alveoli.  The 
expiratory  muscles  cannot  possibly  expel  all  the  air  from  the  lungs,  while  the  inspiratory 
muscular  force  is  sufficient  to  distend  the  lungs  beyond  their  elastic  equilibrium.  Inspiration 
distends  the  lungs,  increasing  their  elastic  tension,  while  expiration  diminishes  the  tension 
without  abolishing  it. 

119.  APPENDIX  TO  RESPIRATION.— Nasal  Breathing.— During  quiet 
respiration  we  usually  breathe — or  ought  to  breathe — through  the  no.strils,  the 
mouth  being  closed.  The  current  of  air  passes  through  the  pharyngo-nasal  cavity 
— so  that,  in  its  course  during  inspiration,  it  is  (1)  ivarmed  and  rendered  moist,  and 
thus  irritation  of  the  mucous  membrane  of  the  air-passages  by  the  cold  air  is  pre- 
vented ;  (2)  small  particles  of  soot,  or  other  foreign  substances  in  the  air,  adhere  to, 
and  become  embedded  in  the  mucus  covering  the  somewhat  tortuous  walls  of  the 
respiratory  passages,  and  are  carried  outwards  by  the  agency  of  the  ciliated  epi- 
thelium of  the  res[3iratory  passages  ;  (3)  disagreeable  odours  and  certain  impurities 
are  detected  by  the  sense  of  smell. 

If  a  lung  be  inflated,  air  constantly  passes  through  the  walls  of  the  alveoli  and  ti-achea.  This 
also  occurs  during  violent  expiratory  efforts  (cutaneous  emphysema  in  whooping-cough),  so  that 
menmo-thovax  mn.j  occm- {J.  B.  Sivcdd  and  Xobert).  t 

Piilmonary  (Edema,  or  the  exudation  of  lymph  into  the  pulmonary  alveoh,  occurs— (1) 
When  there  is  very  great  resistance  to  the  blood-stream  in  the  aorta  or  its  branches,  e.g.,  by 
11  maturing  all  the  arteries  going  to  the  head  or  the  arch  of  the  aorta,  so  that  only  one  carotid 
remaLns  pervious.  (2)  When  the  pulmonary  veins  are  occluded.  (3)  When  the  left  ventrick 
owino-  to  mechanical  injury,  ceases  to  beat,  while  the  right  ventricle  goes  on  contracting  (§  4/ ). 
These  conditions  produce  at  the  same  time  unajmia  of  the  vaso-motor  centre,  which  results  in 
stimulation  of  that  centre,  and  consequent  contraction  of  all  the  small  arteries.  Thus  the 
blood-stream  through  the  veins  to  the  right  heart  is  favoured,  and  this  in  its  turn  favours  the 
production  of  cedema  of  the  lungs.  [The  injection  of  muscarin  rapidly  causes  pulmonary 
'edema,  due  to  the  increase  of  pressuie  and.slowing  of  the  blood-stream  in  the  pulmonary  capillaries. 
It  is  set  aside  by  atropin  (  Weinzwcig,  Grossmann).] 

120  MODIFIED  RESPIRATORY  MOVEMENTS.— (1)  Coughing  consists  in  a  sudden 
violent  expiratory  explosion  after  a  previous  deep  inspiration  and  closure  of  the  glottis,  whereby 
the  glottis  is  forced  open,  and  any  substance,  fluid,  gaseous,  or  solid,  in  contact  with  the  res- 
piratory mucous  membrane  is  violently  ejected  through  the  open  mouth  It  is  produced  volun- 
tarily or  reflexly  ;  in  the  latter  case,  it  can  be  controlled  by  the  will  on  y  to  a  limited  extent. 

rGau8e8.-A  cough  may  be  discharged  reflexly  from  a  large  number  of  surfaces:— (1)  A 
draught  of  cold  air  striking  the  slcin,  especially  of  the  upper  part  of  the  bod)-  This  may  cause 
congestion  of  blood  in  the  air-passages,  this  in  turn  exciting  the  cough  (2)  More  frequently 
it  is  discharged  from  the  respiratory  mucous  membrane,  especially  ot  the  larynx,  the  sensorj 
branches  of  the  vagus  and  the  superior  laryngeal  nerve  being  the  aflercnt  nerves.  A  cough 
cannot  be  discharged  from  every  pai't  of  the  larynx :  thus  there  is  none  from  the  true  vocal  cords. 
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but  only  from  the  glottis  respiratorin.  All  other  parts  of  the  larynx  are  Inactive,  and  so  is  the 
trachea  as  far  as  the  bifurcation,  whore  stimulation  excites  cough  (Kohts).  (3)  Sometimes  an 
offending  body,  such  as  a  pea  or  inspissated  cerumen  in  the  external  auditory  meatus,  gives  rise 
to  coughing,  tlie  aflbront  nerve  being  the  auricular  branch  of  the  vagus.  (4)  There  seems  to  be 
no  doubt  that  there  may  be  a  "gastric  or  stomach  cough,"  produced  by  stimulation  of  the  gastric 
branches  of  the  vagus,  especially  in  cases  of  indigestion,  accompanied  by  irritation  of  the  larynx 
and  trachea.  (5)  Irritation  of  the  costal  pleura  and  even  of  the  OBSophagns  {Kohts).  (6)  Irrita- 
tion of  some  parts  of  the  nose.  (7)  Sometimes  also  from  irritation  of  the  pharynx,  as  by  an 
elongated  uvula.  (8)  In  some  diseases  of  the  liver,  spleen,  and  generative  organs,  when  pressure 
is  exerted  on  these  parts.  ] 

(2)  Hawking,  or  clearing  the  throat— An  expiratory  current  is  forced  in  a  continuous  stream 
through  the  narrow  space  between  the  root  of  the  tongue  and  the  depressed  soft  palate,  in  order 
to  assist  in  the  removal  of  foreign  bodies.  When  the  act  is  carried  out  periodically,  the  closed 
glottis  is  suddenly  forced  open,  and  it  is  comparable  to  a  voluntary  gentle  cough.  This  act  can 
only  be  produced  voluntarily. 

(3)  Sneezing  consists  in  a  sudden  violent  expiratory  blast  through  the  nose,  for  the  removal 
of  mucus  or  foreign  bodies  (the  mouth  being  rarely  open)  after  a  simple  or  repeated  spasm-like 
inspn-ation— the  glottis  remaining  open.  It  is  usually  caused  reflexly  by  stimulation  of  sensory 
nerve-fibres  of  the  nose  [nasal  branch  of  the  fifth  nerve],  or  by  sudden  exposure  to  a  bright  light 
[the  afferent  nerve  is  the  optic].  This  reflex  act  may  be  interfered  with  to  a  certain  extent  or 
even  prevented,  by  stimulation  of  sensory  nerves,  or  firmly  compressing  the  nose  where  the 
nasal  nerve  issues.  The  continued  use  of  sternutatories,  as  in  persons  who  take  snuff  dulls  the 
sensory  nerves,  so  that  they  no  longer  act  when  stimulated  reflexly.  ' 

[Sternutatories  or  Errhines,  such  as  powered  ipecacuanha,  snuff,  and  euphorbium,  also  in- 
crease the  secretion  from  the  nasal  glands.  The  afferent  impulses  sent  to  the  respiratory  centre 
also  affect  the  vaso-motor  centre,  so  that,  even  when  sneezing  does  not  occur,  the  blood-nressnre 
throughout  the  body  is  raised.] 

(4)  Snoring  occurs  during  respiration  through  the  open  mouth,  whereby  the  inspiratorv  and 
expiratory  stream  of  air  throws  the  uvula  and  soft  palate  into  vibration.  It  is  involuntarv  and 
usually  occurs  during  sleep,  but  it  may  be  produced  voluntarily.  • 

(5)  Gargling  consists  in  the  slow  passage  of  the  expiratory  air-current  in  the  form  of  bubbles 
through  a  fluid  lying  between  the  tongue  and  the  soft  palate,  when  the  head  is  held  backwards 
it  is  a  voluntary  act. 

(6)  Crying,  caused  by  emotional  conditions,  consists  in  short,  deep  inspirations,  long  expira- 
tionsMvith  the  glottis  narrowed,  relaxed  facial  and  jaw  muscles,  secretion  of  tears,  often  com- 
bined with  plaintive  inarticulate  expressions.  When  crying  is  long  continued,  sudden  and 
spasmodic  mvoluntaiy  contractions  of  the  diaphragm  occur,  which  cause  the  inspiratory  sounds 
in  the  pharynx  and  larynx  known  as  sobbing.    This  is  an  involuntary  act. 

inin  nSi""^  •  P^lo^ged  inspiration,  usually  combined  with  a  plaintive  sound,  often  caused 
mvoluntarily,  owing  to  painful  or  unpleasant  recollections. 

Jfl  ,   1  ^^^^  ™Pi^^  expiratory  blasts  through  the  tense  vocal  cords,  which 

cause  a  clear  tone,  and  there  are  characteristic  inarticulate  sounds  in  the  larynx,  with  vihZ 
Xe^ou  owfnfto  thP  niouth  is  usually  open,  and  the  countenance  hala  characteristic 
expression  owing  to  the  action  of  the  M.  zygomaticus  major.    It  is  usuallv  involuntarv  and 

sTppTnliSpSS!^^'      ^  ^^^-^^^^  ^1-4        mJ7h  ^nd' 

insniraTror^li\^.n^nTi°T'^  '^''1'  inspiration  occurring  after  successive  attempts  at  numerous 
inspiratioub-the  mouth,  fauces,  and  glottis  being  wide  open;  expiration  shorter— both  acts 

Sergei's  oC;r  "  '-"'-'"i'. 

[(10)  Hiccougli  is  due  to  a  spasmodic  involuntary  contraction  of  the  dianhracrm  cansincr  an 

W  Ss'a  verv  ro  Xl^  ^-  °        ^'''^''^  membrane,  and  some- 

iimes  It  IS  a  very  troublesome  symptom  in  urremic  poisoning.] 

VAPnfm^^M  n^r^^^x  RESPIRATION-CARBON  DIOXIDE,  OXYGEN,  and  WATERY 

J  the?ntWoLlwfiT^4?*^^^^^^^  ^^'^^  °f  COvis  estiinattl  b^ 
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2.  By  Weight. — A  largo  quantity  of  the  mixture  of  gases  which  has  to  he  investigated  is  made 
to  pass  through  a  Liebig's  bulb  iiUed  with  caustic  iiotash.  The  potash  apparatus  having  been 
carefully  weiglicd  beforehand,  the  increase  of  weight  indicates  the  amount  of  CO^  which  has 
been  taken  up  by  the  potash  from  the  air  passed  through  it. 

3.  By  Titration. — A  large  volume  of  the  air  to  be  investigated  is  conducted  through  a  known 
volume  of  a  solution  of  barium  hydrate.  The  CO.,  unites  with  the  barium  and  forms  barium 
carbonate.  The  lUiid  is  neutralised  with  a  standard  solution  of  oxalic  acid,  and  the  more  barium 
that  has  uniteil  with  the  C0„  the  smaller  will  be  the  amount  of  oxalic  acid  used,  and  vice  vcrsd. 

II.  Estimation  of  Oxygen. — According  to  volume — («)  By  the  union  of  the  0  with  potassium 

])yrogallate.   The  same 

25  procedure  is  adopted 

as  for  the  estimation 
of  COjj,  only  the  flask, 
n,  is  filled  with  the 
pyrogallatc  solutioniu- 
stead  of  potash,  (b) 
Hy  explosion  in  an 
eudiometer  (see  Blood- 
Gases,  %  35). 

III.  Estimation  of 
Watery  Vapour. — The 
air  to  be  investigated  is 
passed  through  a  bulb 
containing  concentrated 
sulpMiric  acid,  or 
through  a  tube  filled 
with  pieces  of  calcium 
chlonde.  The  amount 
of  water  is  directly  in- 
dicated by  the  increase 
of  wei^ciit. 


.a 


Fig.  143. 

Apparatus  of  Andral  and  Gavarret  for  collecting  the  expired  air 
large  cylinder  to  collect  the  air  expired  ;  P,  weight  to  balance  cylin- 
der ;  a,  b,  two  Miiller's  valves ;  M,  mouthpiece.    II.  Anthracometer 
of  Vierordt. 


122.  METHODS  OF 
INVESTIGATION.— I. 
Collecting  the  Expired 
Air. — (1)  The  air  ex- 
pired may  be  collected 
in  the  cylinder  of  the 
C,  spirometer,  which  is 
suspended  in  concen- 
ti-ated  salt  solution  to 
avoid  the  absorption 
of  C0„  (§  108). 
times  into  a  capacious 


Andral  and  Gavarret's  Apparatus. — The  operator  breathed  several 
cylinder  (fig.  143).  A  mouthpiece  (M)  was  placed  air-tight  over  the  mouth  while  the  nostrils 
were  closed.  The  direction  of  the  respu-atory  current  was  regulated  by  two  so-called  ' '  MuUer  s 
Valves  "  (merciu'ial),  {a  and  b).  With  every  inspiration  the  bottle  or  valve,  a  (filled  below  with 
Hg  and  hermetically  closed  above),  permits  the  air  inspired  to  pass  to  the  lungs— during  every 
expiration  the  expired  air  can  pass  only  through  b  to  the  collecting-cylinder  C.  .  .   .  , 

(2)  If  the  gases  given  oK  by  the  skin  are  to  be  collected,  a  limb,  oi'  whatever  part  is  to  be 
investigated,  is  secured  in  a  closed  vessel,  and  the  gases  so  obtained  are  analysed. 

II.  The  most  important  apparatus  for  this  purpose  are  those  of— («)  Scliarlmg  (bg.  144), 
which  consists  of  a  closed  box.  A,  of  sufficient  size  to  contain  a  man.  It  is  piwnded  with  an 
inlet  z  and  outlet  b.  The  latter  is  connected  with  an  aspirator,  C,  a  large  barrel  ftllecl  with 
water.  When  the  stop-cock,  h,  is  opened  and  the  water  flows  out  of  the  barrel,  Ircsli  air  will 
rush  in  continuously  into  the  box.  A,  and  the  air  mixed  with  the  expired  gases  will  be  drawn 
towards  C.  A  Liebig's  bulb,  d,  filled  with  caustic  potash,  is  connected  with  the  entrance  tube 
=  through  which  the  in-going  air  must  pass,  whereby  it  is  completely  deprived  ot  tUo,  so  that, 
the  person  exi)erimented  on  is  supplied  with  air  free  from  C0„.  The  air  passing  out  by  the 
exit  tube,  h.  has  to  pass  first  through  e,  where  it  gives  up  its  watery  vapour  to  sulphuric  acia, 
whereby  the  amount  of  watery  vapour  is  estimated  by  the  increase  of  the  weight  ot  the 
apparatus,  e.  Afterwards  the  air  passes  through  a  bulb,/,  containing  caustic  potash,  which 
absorbs  all  the  CO..,  while  the  tube,  g,  filled  with  sulphuric  acid,  absorbs  any  watery  rapo  u 
that  may  come  froni /  The  increase  in  weight  of /and  g  indicates  the  amount  ol  LU„.  ihc 
total  volume  of  air  used  is  known  from  the  capacity  of  C.  i,„.,  jf  ;c  nn^^^nrv 

fi)  Eegnault  and  Reiset's  Apparatus  is  more  complicated,  and  is  used  when  it  is  necessarj 
6  .     ,    ..  ..  ,      ,  „  i,„n         It  consists  of  a  globe,  K 


to  keep  anima 


Is  for  some  time  under  observation  iu  a  bcll-jar. 


in 
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hich  is  placed  the  dog  to  be  experimented  on  (iig.  145).  Around  this  is  placed  a  cylinder 
(J,  g,  (provided  with  a  thermometer,  t),  which  may  be  used  for  calorimetric  experiments.  A 
tube,  c,  leads  into  the  globe,  K;  tlirough  this  tube  passes  a  known  quantity  of  pure  oxyren 
(fig.  145,  0).    To  absorb  any  trace  of  COa,  a  vessel  containing  potash  (fig.  145,  CO.,)  is  placed 


nrw¥^ 


Fig.  144. 

Scharling's  apparatus,  d,  bulb  containing  caustic  potash  to  absorb  CO.,  fi  om  in-goincr  air  ■  A 
box  for  animal  experimented  on  ;  e  and  g,  tubes  containing  sulphuric  acid  to  absorb 
watery  vapour;  /,  potash  bulb  to  absorb  COg  given  off;  C,  vessel  filled  with  water  to 
aspn-ate  air  ;  h,  stop-cock. 

in  the  course  of  th'e  tube     The  vessel  for  measuring  the  0  is  emptied  towards  R,  throu<^h  a 
solution  of  calcium  chloride  from  a  large  pan  (CaCl,)  provided  with  large  flasks.    Two  tubes 
fll  and  e,  lead  from  R,  and  are  united  by  caoutchouc  tubes  with  the  potash  bulbs  (KOH  Ko/tV 
which  can  be  raised  or  depressed  alternately  by  means  of  the  beam,  W.    In  this  way  they 


t^v  ^^^^?^  apparatus  of  Regnault  and  Reiset.    R,  globe  for  animal ;  g,  g,  outer 
casing  for  R,  provided  with  a  thermometer,  t ;  d  and  e,  exit  tubes  to  movable  potash  bulbs, 
nrmo;  r  f       i- oxygen;  CO,,  vessel  to  absorb  any  carbonic  acid  ;  CaCU 
apparatus  for  estimating  the  amount  of  0  supplied  ;  /,  manometer. 

wSh?of  ^Sp«p  fl^\*'''ff^'  /r""  ^'  ^■^'■^  "^'l"'^^"  P^t'^^^^  ^l^^°rbs  the  CO.,.  Tlie  increase  in 
mettV  sW.  Si    \T       ''^P'^."'"™*  ^"^"f      tlie  amount  of  CO.,  expired.    Tlie  mano- 

fc^  V  'pirtpnw!^  ;^iff«-ence  of  the  pressure  outside  and  inside  the  globe,  R. 

chimbTr  7  rtff^nfnlT  ^"Tf''^''^i*^°  '°"]P^'^*'^  apparatus  (fig.  146).    It  consists  of  a 

for  Hie  admkTS  ,^"<i  V^ovu^^^  with  a  door  and  a  window.    At  a  is  an  opening 

lor  the  admission  of  air,  while  a  large  double  suction-pump,  PPj  (driven  by  means  of  a  steam- 
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engino)  eoiitimmlly  rcnew.s  tho  air  within  the  chamber.  The  air  passes  into  a  vessel,  6  filled 
with  pumice-stoiic  .satuyated  witli  sulplmric  acid,  in  which  it  is  dried  ;  it  then  passes  through  a 
large  (jas-mclcr,  c,  wlucli  measures  the  total  amount  of  the  air  passing  through  it.  After  the  air 
is  measured,  it  is  emptied  outwards  by  means  of  the  pump,  PPi.  From  the  chief  exit  tube,  x 
ot  the  chamber  provided  with  a  small  manometer,  q,  a  narrow  laterally  placed  tube,  n,  passes 
conducting  a  small  secondary  stream,  wliich  is  chemically  investigated.  This  current  passes 
through  the  sudion-apparatus,  MJVlj  (constructed  on  tho  principle  of  Miiller's  mercurial  valve 
and  driven  by  a  steam-engine).  Before  reaching  this  apparatus,  the  air  passes  through  the 
bulb,  K,  hlled  with  sulpluiric  acid,  whose  increase  in  weight  indicates  the  amount  of  watery 
vapoiir  After  passing  through  MMj,  it  goes  through  the  tube,  R,  Idled  with  baryta  solution, 
which  takes  up  tO^.    Tlie  quantity  of  air  which  passes  through  the  accessory  current,  n,  is 


Fig.  146. 

Respiration  apparatus  of  v.  Pettenkofer.  Z,  chamber  for  person  experimented  on  ;  x,  exit 
tube  with  manometer,  q  ;  b,  vessel  with  sulphuric  acid ;  C,  gas-meter ;  PPj,  pump ;  n 
secondary  current,  with,  k,  bulb ;  MMj,  suction  apparatus ;  u,  gas-meter  ;  N,  stream  for 
investigating  air  before  it  enters  Z. 

measured  by  the  small  gas-meter,  u,  from  which  it  passes  outwards.  The  second  accessory 
stream,  N,  enables  us  to  investigate  the  air  before  it  enters  the  chamber,  and  it  is  arranged  in 
exactly  the  same  way  as  n.  The  increase  of  COj  and  HjO  in  the  accessory  stream,  n  (i.e.,  more 
than  in  N),  indicates  the  amount  of  COj  given  off  by  the  person  in  the  chamber,  Z. 

123.  COMPOSITION  OF  ATMOSPHERIC  AIR.— 1.  Dry  Air  contains  :— 

Gas.  By  Weight.  By  Volume. 

0,                                                 23-015  20-96 

N,                                               76-985  79-02 

CO.,                                                 ...  0 -03-0 -03  4- 

2.  Aqueous  vapour  is  always  present  in  the  air,  but  it  varies  greatly  in  amount, 
and  generally  increases  with  the  increase  of  the  temperature  of  the  air.  "We 
distinguish  (a)  the  ahsolute  moisture,  i.e.,  the  quantity  of  watery  vapour  which  a 
volume  of  air  contains  in  the  form  of  vapour ;  and  (6)  the  relative  moisture,  i.e., 
the  amount  of  watery  vapour  which  a  volume  of  air  contains  with  respect  to  its 
temperature. 

Experience  shows  that  people  generally  can  breathe  most  comfortably  in  an  atmosphere  which 
not  completely  saturated  with  aqueous  vapour  according  to  its  temperature,  but-  is  only 
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saturated  to  the  extent  of  70  per  cent.  If  the  air  bo  too  dry,  it  irritates  the  respiratory  mucous 
membrane  ;  if  too  moist,  there  is  a  disagreeable  sensation,  and  if  it  be  too  wnrm,  a  feclin^  of 
closeness.  Hence,  it  is  important  to  see  that  the  proper  amount  of  watery  vapour  is  present  in 
the  air  of  our  sitting-rooms,  bedrooms,  and  hospital  wards. 

The  absolute  amount  of  moisture  varies :— In  towns  during  the  day  it  increases  with 
increase  of  temperature,  and  diminishes  when  the  temperature  falls  ;  it  also  varies  with  the 
direction  of  tlie  wind,  season  of  the  year,  and  the  height  above  sea-level. 

The  relative  amoimt  of  moisture  is  greatest  at  sunrise,  least  at  midday  ;  small  on  high 
mountains  ;  greater  in  winter  than  in  summer  ;  larger  with  a  south  or  a  west  wind  than  with  a 
north  or  an  east  wind. 

Tlie  air  in  midsummer  contains  absolutely  three  times  as  much  watery  vnpour  as  in  mid- 
winter, nevertheless  the  air  in  summer  is  relatively  drier  than  the  air  in  winter. 

3.  The  air  expands  by  heat.   Rudberg  found  that  1000  volumes 
•of  air,  at  0°,  expanded  to  1365  when  heated  to  100°  0. 

4.  The  density  of  the  air  diminishes  with  increase  of  the  height 
above  the  sea-level. 

124.  COMPOSITION  OF  EXPIRED  AIR.— 1.  The  expired  air 
•contains  more  COg — in  normal  respiration  =  4 "3 8  vols,  per  cent.  (3-3 
to  5*5  per  cent.),  so  that  it  contains  nearly  100  times  more  COg 
than  the  atmospheric  air. 

2.  It  contains  less  0  (4-782  vols,  per  cent,  less)  than  the  atmo- 
spheric air,  i.e.,  it  contains  only  16-033  vols,  per  cent,  of  O. 

3.  Respiratory  Quotient. — Hence,  during  respiration,  more  O  is 
taken  into  the  body  from  the  air  than  COg  is  given  off ;  so  that  the 
volume  of  the  expired  air  is  (J^to-gL-)  smaller  than  the  volume  of 
the  air  inspired,  both  being  calculated  as  dry,  at  the  same  tempera- 
ture, and  at  the  same  barometric  pressure.  The  relation  of  the  O 
absorbed  to  the  COg  given  off  is  4-38  :  4-782.  This  is  expressed 
by  the  "respiratory  quotient" — 


COo 
O 


4.  An  excessively  small  quantity  of  N  is  added  to  the  expired  air 
{Regncmlt  and  Reiset).  Segen  found  that  all  the  N  taken  in  with 
the  food  did  not  reappear  in  the  excreta  (urine  and  fteces),  and  he 
assumed  that  a  small  part  of  it  was  given  off"  by  the  lungs. 

5.  During  ordinary  respiration  the  expired  air  is  saturated  with 
watery  vapour.  It  is  evident,  therefore,  that  when  the  watery 
vapour  in  the  air  varies,  the  lungs  give  off  different  quantities  of 
water  from  the  body.  The  percentage  of  watery  vapour  falls  during 
rapid  respu-ation  {Moleschott). 

6.  The  expired  air  is  warmer  (36-3°  C).    It  is  very  near  the 
temperature  of  the  body,  and  although  the  temperature  of  the  sur-         ^     -  - 

Jit  ^^''.'^°"^?t^^instrument  used  by  Valentin  and  Brunner  to  determine  the  temueraturp 
tl  er^omX  V''-  Tl  *  '\  ^  ^'  ^'         ^  mouthpiece,  Tand  i?  tK  fin 

li^v^^i^,;.,^'t.^T^'''  ""^'^  through 


Temperature  of 
the  Air. 

-6 '3°  C, 
-H7-19°  C, 
-f44°  C,  . 


Temporaturo  of  tlie 
Expired  Air. 

4-29-8°  C. 
-f  36-2-37°  C. 
H-38-5°  C. 


7.  The  diminution  of  the  volume  of  the  expired  air  mentioned  under  C3)  is  far 
•more  than  compensated  by  the  warming  whiJh  the  inspired  airundergoi^^^  the 
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respiratory  passages,  so  that  the  volume  of  the  expired  air  is  one-ninth  greater 
than  the  air  inspired. 

8.  A  very  small  quantity  of  ammonia  is  found  in  the  expired  air  =  0-0204 
grammes  in  24  hours ;  it  is  probably  derived  from  the  blood. 

9.  Small  quantities  of  H  and  CHj  are  expired,  both  being  absorbed  from  the  in- 
testine.   In  herbivora,  Reiset  found  that  30  litres  of  CIIj  were  expired  in  24  hours. 

125.  aUANTITY  OF  GASES  EXCHANGED. -As  under  normal  circum- 
stances more  O  is  absorbed  than  there  is  CO.,  given  off  (equal  volumes  of  0  and 
C0.2  contain  equal  quantities  of  O),  a  part  of  the  O  must  be  used  for  other  oxida- 
tion-processes in  the  body.  According  to  the  extent  of  these  latter  processes,  the 
ratio  of  the  0  taken  in  to  the  COg  given  out — 

=  0-906  normally^  must  vary. 

The  amount  of  CO.^  given  off  may  be  less  than  the  "  mean  "  above  stated.  The 
quantity  of  CO.2  alone  is  not  a  reliable  indication  of  the  entire  exchange  of  gases 
during  respiration ;  we  must  estimate  simultaneously  the  amount  of  0  absorbed 
and  the  CO^  given  off. 

126.  DAILY  GASEOUS  INCOME  AND  EXPENDITURE:— 

Income  in  24  hours. 


Oxygen— 

744  grm.s.  =  516-500  c. cmtr.       ( Vicrordt). 


(At  0°  C.  and  mean  barometiic  pressure.) 


Expenditm-e  in  24  hours. 
Carbonic  Acid — 

900  grms.  =  455500  c. cmtr.  ( Vierordt). 

36  grms.  per  hour  {Sclmrling). 

„  (Liebenneister). 
, ,  .  {Panum). 
, ,       .  {Eanke). 

( Valentin). 
{Vierordt). 


32-8  to  33-4  grms, 
34  grms. 
31  -5  to  33  grms. 
Water— 640  grms. 

330 


127.  CONDITIONS  INFLUENCING  THE  GASEOUS  EXCHANGES.— The 

formation  of  CO^,  in  all  probability,  consists  of  two  distinct  processes.  First,  com- 
pounds containing  COg,  which  are  oxidation-products  of  substances  containing 
carbon,  seem  to  be  formed  in  the  tissues.  The  second  process  consists  in  the  separa- 
tion of  this  CO2,  which,  however,  takes  place  without  the  absorption  of  O.  Both 
processes  do  not  always-  occur  simultaneously,  and  the  one  process  may  exceed  the 
other  in  extent.    The  formation  of  CO,  is  affected  by  : — 

1.  Age. — Until  the  body  is  fully  developed,  the  COg  given  off  increases,  but  it 
diminishes  as  the  bodily  energies  decay.  Hence,  in  young  persons  the  0  absorbed 
is  relatively  greater  than  the  COj  given  off  ;  at  other  periods  both  values  are  pretty 
constant.    Example  : — 


Age — Years. 

In  24  Hours. 

Gram.  Excreted.  = 

Cai'bon. 

0  Absorbed  Gram. 

8 
15 
16 
18-20 
20-24 
40-60 
60-80 

443  gram. 
766  „ 
950 
1003  „ 
■1074  „ 
889  „ 
810  „ 

=  121  Carbon. 
-  209 
=  259  ., 
=  274  „ 
=  293  „ 
=  242  „ 
=  221  „ 

376  grammes. 

652  „ 

809 

854 

914 

757 

689 

The  absolute  amount  of  CO2  given  off  is  less  in  children  than  in  adults ;  but  if 
the  CO2  given  off  be  calculated  with  reference  to  body-weight,  then,  weight  for 
■weight,  a  child  gives  off  twice  as  much  CO2  as  an  adult. 

2.  Sex. — Males,  from  the  eighth  year  onward  to  old  age,  give  off  about  one- 
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third  more  COo  than  females.    This  difference  is  more  marked  at  puberty,  when  the 
difference  may  rise  to  one-half.    After  cessation  of  the  menses,  there  is  an  increase 
and  in  old  age  the  amount  of  CO^  given  off  diminishes.    Pregnancy  increases 
the  amount,  owing  to  causes  which  are  easily  understood  {Anclral  and  Gavarret). 

3.  Constitution. — In  general,  muscular  energetic  persons  use  more  O  and  excrete 
more  COo  than  less  active  jjersons  of  the  same  weight. 

4.  Alternation  of  Day  and  Nig^ht— The  CO.,  given  off  is  diminished  about  one- 
fourth  during  sleep,  due  to  the  constant  heat  of  the  surroundings  (bed),  darkness, 
absence  of  muscular  activity,  and  the  non-taking  of  food  (see  5,  6,  7,  9).  0  is  not 
stored  up  during  sleep  (*S'.  Zeivin).  After  awaking  in  the  morning,  the  respirations 
are  deeper  and  more  rapid,  while  the  amount  of  CO,  given  off  is  increased.  It 
decreases  during  the  forenoon,  until  dinner  at  mid-day  causes  another  increase.  It 
falls  during  the  afternoon,  and  increases  again  after  supper. 

During  hybernation,  when  no  food  is  taken,  and  when  the  respirations  cease,  or  are  o-reatly 
ihininislied,  the  respiratory  exchange  of  gases  is  carried  out  by  diffusion  and  the  cardio- 
pneumatic  movements  (§  59).  The  C0„  given  off  falls  to  the  0  taken  in  to  ir,  of  what  they 
are  m  the  waking  condition.  Much  less  CO^  is  given  off  than  0  taken  in,  so  that  the  bodv- 
weight  may  increase  through  the  excess  of  0. 

5.  Temperature  of  the  Surroundings.— Cold-blooded  animals  become  warmer 
wheia  the  temperature  of  their  environment  is  raised,  and  they  give  off  more  CO 
in  this  condition  than  when  they  are  cooler ;  e.g.,  a  frog  with  the  temperature  of  the 
surroundings  at  39°  C.  excreted  three  times  as  much  COg  as  when  the  temperature 
was  6°  C.    Warm-blooded  animals  behave  quite  differently  when  the  tempera- 
ture of  the  surrounding  medium  is  changed.    When  the  temperature  of  the  animal 
IS  lowered  thereby,  there  is  a  considerable  decrease  in  the  amount  of  CO,  given  off  as 
in  cold-blooded  animals,  but  if  the  temperature  of  the  animal  be  increased  (and  also 
in  fever),  the  COg  is  increased  (C.  Ludiuig  and  Sanders-Ezn).    Exactly  the  reverse 
obtains  when  the  temperature  of  the  surroundings  varies,  and  the  bodily  tempera- 
ture remains  constant.    As  the  cold  of  the  surrounding  medium  increases,  the  pro- 
cesses of  oxidation  within  the  body  are  increased  through  some  as  yet  unknown 
reflex  mechamsm ;  the  number  and  depth  of  the  respirations  increase,  whereby 
more  O  is  taken  in  and  more  COg  is  given  out.    A  man  in  January  uses  32-2 
grammes  O  per  hour ;  in  July  only  31-7  grammes.    In  animals,  with  the  tempera- 
ture of  the  surroundmgs  at  8°  C,  the  CO,  given  off  was  one-third  greater  than 
with  a  temperature  of  38°  C.    When  the  temperature  of  the  air  increases-the 
body  temperature  remaining  the  same— the  respiratory  activity  and  the  CO,  given 
off  dimmish,  while  the  pulse  remains  nearly  constant.    On  passing  suddenly  from 
a  cold  to  a  warm  medium  the  amount  of  CO^  is  considerably  diminished  :  and  con- 
Ireased  (^214)''''^       '  ^  ^        medium,  the  amount  is  considerably  in- 

6.  Muscular  exercise  causes  a  considerable  increase  in  the  CO,  given  out  which 
may  be  three  times  greater  during  walking  than  during  rest  {Ed' Smith).  Ludwig 
and  Sczelkow  estimated  the  O  taken  in  and  the  CO,  given  off  by  a  rabbit  during  rest 

CO  """'f '  '^-^ '  t'^  ^"^^^  '''''  During  tetanus  the  O  and 

th?  m  tv''''Tf  ^°^«^^f^Wy,  but  in  tetanised  animals  more  0  was  given  off  in 
anLa?lb2rbp1  .^,'7  ''''^  ^J^iultaneously  during  respiration.  The  passive 
animal  absoi bed  nearly  twice  as  much  O  as  the  amount  of  CO,  given  off  (§  294). 

wl. M  ^      ^1  1  ''^''^^^  ^        inconsiderable  increase  in  the  CO,  given  off 

cfnsiderablv          r  .^^^  inanition,  the  exchange  of  gases  diminishes 

luicklnhin^  CO,  given ''off  dhiiinishes  more 

off  to  tht^  t    .  .1  Z"^"?  ^''^^'^y  «f             influences  the  CO,  given 

f  g  ate    excretL  :    PO^h'"  (carbohydrates  and  fats)-1ause 

greater  excretion  ot  CO,  than  substances  which  contain  less  C  (albumins). 
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llegnault  and  Reisct  found  that  a  dog  gave  off  79  per  cent,  of  the  O  inspired  after 
a  liosh  diet,  and  91  per  cent,  after  a  diet  of  starch.  If  easily  oxidisable  substances 
(glycerin  or  lactate  of  soda)  are  injected  into  the  blood,  the  O  taken  in,  and  the 
CO ,  cfiven  off,  undergo  a  considerable  increase  {Ludwir/  and  Scheremetjewshj). 
Alcohols,  tea,  and  ethereal  oils  diminish  the  CO,  {Front,  Vierordt).  [Ed.  Smith 
divided  foods,  with  reference  to  the  excretion  of  C6^,  into  two  classes.  The  respira- 
tory excitants  include  nitrogenous  foods,  rum,  beer,  sugar,  stout,  &c. ;  the  non- 
exciters  starch,  fat,  some  alcoholic  mixtures.  The  most  powerful  respiratory 
excitants,  however,  are  tea,  sugar,  coffee,  and  rum,  and  the  maximum  effect  is 
usually  experienced  within  an  hour.  He  also  found  that  the  effects  produced  by 
alcoholic  drinks  varied  with  the  nature  of  the  spirituous  liquor.  Thus  brandy, 
whisky,  and  gin  diminish  the  amount ;  while  pure  alcohol,  rum,  ale,  and  porter 
1>6i]icl  to  mcrGciSG  it  J 

8.  The  number  and  depth  of  the  respirations  have  practically  no  influence  on  the 
formation  of  CO.,  or  the  oxidation-processes  within  the  body,  these  being  regulated 
by  the  tissues  themselves,  by  some  mechanism  as  yet  unknown  {Fjiiujer)  They 
have  a  marked  effect,  however,  upon  the  removal  of  the  already  formed  CO2  from 
the  body.  An  increase  in  the  mimher  of  respirations  (their  depth  remaining  the 
same),  as  well  as  an  increase  of  their  de2M  (the  number  remaining  the  same),  causes 
an  absolute  increase  in  the  amount  of  CO^  given  off,  which,  with  reference  to  the 
total  amount  of  gases  exchanged,  is  relatively  diminished.  The  following  example 
from  Vierordt  illustrates  this: — 


No.  of  Resps. 
per  Minute. 

Volume  of 
Air. 

Amount  of     pev  cent. 
CO2.  CO2. 

Deptli  of 
Resps. 

12 
24 
48 
96 

6000 
12000 
24000 
48000 

258  c.cmtr.  =4-3  % 
420     ,,  =3-5 
744            =3-1  ,, 
1392     „      =2-9  „ 

500 
1000 
1500 
2000 
3000 

Amount  of  _  per  cent. 
CO,.  COo. 


21  c.cmtr.  =4-3  % 

36      .,  =3-6  „ 

51      „  =3-4  „ 

64     „  =3-2  „ 

72     „  =1-4  „ 


9.  Exposure  to  a  bright  hglit  causes  an  mcrease  m  me        givcu  uix  xu  xx^^o 
in  mammals  and  birds,  even  in  frogs  deprived  of  their  lungs  or  in  those  who  e 
spinal  cord  has  been  divided  high  up.    The  consumption  of  O  is  increased  at  the 
ame  t  me     The  same  results  occur  in  blind  persons  although  to  a  less  degree. 
Blu'sh-violet  light  is  almost  as  active  as  white  light,  while  red  light  is  less  active 
10  The  experiments  of  Grehant,  on  dogs,  seem  to  show  that  iutense  inflammatiou  of  the 

'^'^t^.^Sn>S^^'^^^^^^  ^^^^^^  --'''''^ 

narcotin,  papaverin,  dimmish  it  {Fubim). 

128  DIFFUSION  OF  GASES  WITHIN  THE  LUNGS.   The  air  within  the  air- 
vesiJirs  contains  most  CO.,  and  least  O,  and  as  we  pass  from  the         ^o  he  k^^^^ 
bronchi  and  onwards  to  the  trachea,  the  composition  of  the  air  S^f     y  Woache. 
more  closely  to  that  of  the  atmosphere.   Hence,  if  the  air  expired  be  coUecte.  in  tv.  0 
portions,  the  first  half  {i.e.,  the  air  from  the  larger  air-passages  contams  les  CO,  {6 
vols  per  cent.)  than  the  second  half  (5:4  vols,  per  cent.).   The  difference  in  the  pu- 
lentaS  of  gases  gives  rise  to  a  diffusion  of  the  gases  within   he  air-passages ,  the 
CO  must  dkJhom  the  air-vesicles  outwards,  and  the  O  from  the  atmosphere 
and  Tstrils  inwards  (§  33).    This  movement  is  aided  by  the  cardio-pneumatic 
movement  (V59)     In  hyb^^         animals  and  in  persons  appare,n I y  hut  not 
Zl^Y  dead,  the  exchange  of  gases  within  the  lungs  can  only  occur  in  the  above- 
meSed  ways.    For  ordinary  purposes  this  mechanism  is  insufficient,  and  there 
ra'Xd  trrespiratory  mov^Lnls  whereby  atniospl;-  ^^^^  an 
the  larger  air-passages,  from  which  and  into  which  the  diffusion  cm  rents 
CO.,  pass,  on  account  of  the  difference  of  tension  of  the  gases. 


EXCHANGE  OF  GASES  IN  THE  AIR- VESICLES.  igj 

129.  EXCHANGE  OF  GASES  IN  THE  AIR-VESICLES. -The  excliancre  of 
gases  between  the  gases  of  the  blood  and  those  in  the  air-vesicles  occurs  almost 
exclusively  through  the  agency  of  chemical  processes,  and  therefore  independently 
of  the  diffusion  of  gases. 

Method.— It  is  importaut  to  ascertain  the  tension  of  the  0  and  CO.,  in  the  venous  blood  of 
the  pulmonary  capillaries.  Pfliiger  and  Wolf  berg  estimated  the  tension  by  ' '  catheterisine  the 
lungs.  An  elastic  catheter  was  introduced  through  an  opening  in  the  trachea  of  a  dog  into 
the  bronchus  Icadm-  to  the  lowest  lobe  of  .tlie  left  lung.  An  elastic  sac  was  ijlaced  round  the 
catheter  and  when  the  latter  was  introduced  into  the  bronchus,  the  sac  around  the  catheter  was 
distended  so  as  to  plug  the  bronchus.  No  air  could  escape  between  the  catheter  and  tlie  wall  of 
the  bronchus.  The  outer  end  of  the  catheter  was  closed  at  first,  and  the  dog  was  allowed  to 
respire  quietly  After  four  minutes  the  air  in  the  air-vesicles  was  completely  in  equmbrium 
with  the  blood-gases  The  air  of  the  lung  was  sucked  out  of  the  catheter  by  means  if  an  a"™ 
pump,  and  afterwards  analysed.  ^ 

Thus  we  may  measure  indirectly  the  tension  of  the  O  and  CO,  in  the  venous 
blood  of  the  pulmonary  capiUaries.  The  direct  estimation  of  the  gases  in  different 
kinds  of  blood  is  made  by  shaking  up  the  blood  with  another  gas.  The  ^ases  so 
removed  indicate  directly  the  proportion  of  blood-gases. 

The  following  statement  shows  the  tension  and  percentage  of  O  and  CO  in 
arterial  and  venous  blood,  in  the  atmosphere,  and  in  the  air  of  the  alveoli :—  ^ 
I 


O-Tension  in  arterial  blood  =  29 -6  mm.  Hg 
(corresponding  to  a  mixture  containing  3-9 
vol.  per  cent,  of  0). 

II. 

COa-Tension  in  arterial  blood  =  21  mm.  Hg 
(corresponding  to  2-8  vol.  per  cent.). 

III. 

O-Tension  in  venous  blood  =  22  mm.  Ho- 
(corresponding  to  2-9  vol.  per  cent.).  " 

IV. 

COo-Tension  in  venous  blood  =  41  mm.  Hg 
(corresponding  to  5 '4  vol.  per  cent. ). 


V. 

O-Tensiou  in  the  air  of  the  alveoli  of  the 
catheterised  lung  =  27  "44    mm.  Hg  (cor- 
responding to  3-6  vol.  per  cent.) 
VI. 

CO„-Tension  in  the  aii-  of  the  alveoli  of  the 
catheterised  lung  =27  mm.  Hg  (correspond- 
ing to  3-56  vol.  per  cent). 

VII. 

O-Tension  in  the  atmosphere  =  158  mm.  Hg 
(corresponding  to  20-8  vol.  per  cent.). 
VIII. 

COa-Tension  in  the  atmosphere  =  0 -38  mm. 
Hg  (corresponding  to  0-03-0  "05  vol.  per 
cent). 


J\hen  we  compare  the  tension  of  the  O  in  the  air  (VII.  =  168  mm.  Hg)  with 
the  tension  of  the  0  in  venous  blood  (III.  =  22  mm.  Hg,  or  V.  =  27 -U  mm  He) 

.    T^.^^  J''  ^^^^       P^^^^g^  °f       O  from  the  air  of  the  ai  - 

vesicles  into  the  blood  was  due  solely  to  diffusion  of  the  gases  ;  and  similarly  we 
niight  assume  that  the  CO,  of  the  venous  blood  (IV.  or  VI.)  diffusedTto  the  air 

moSrfrtery^Ll^an^  W  ^^^^^-^^  Respiration. -The  blood  of  the  pul- 
«lfl^!7     1  ^  IS  changed  from  venous  into  arterial  blood  (S  39)  the  most  obvious 

^IZ  iS^'KhO  ^    ITT  ?■  The  reduced  Hb  of  the  venous  blood  is  con- 

(6)  Pawlow^S'thit  1  1  'f  -  f  ^'P"''^  ^^^^^^"^^  «f  temperature,  see  §  209,  3. 
Tower  "f  loSlttn     a'^       f  P'''''  ''"^^  lungs'loses' its 

Propertf^^^^^^^^^^  the  pulmonary  tissues  have  the 

into  the  SuHloodnrtf"^  ^l^^^^'i"  the  alveoli 

venous  blood  of  the  lung-capillaries,  whereby  the  blood  is  arterialised,  it  is 
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proved  that  this  is  a  chemical  process.  The  gas-free  (reduced)  haemoglobin  takes 
up  0  to  form  oxyhicmoglobin  (§  15,  1).  That  this  absorption  has  nothing  to  do 
directly  with  the  diffusion  of  gases,  but  is  due  to  a  chemical  combination  of  the 
atomic  compounds,  is  shown  by  the  fact  that,  when  pure  0  is  respired,  the  blood  does 
not  take  up  more  0  than  when  atmospheric  air  is  respired  ;  further,  that  animals 
made  to  breathe  in  a  limited  closed  space  can  absorb  almost  all  the  O — even  to 
traces — into  their  blood  before  suffocation  occurs.  Of  course,  if  the  absorption  of 
O  were  due  to  diffusion,  in  the  former  case  more  0  would  be  absorbed,  while  in  the 
latter  case  the  absorption  of  O  could  not  possibly  occur  to  such  an  extent  as  it  does. 
The  law  of  diffusion  comes  into  play  in  connection  with  the  absorption  of  0  to  this 
extent,  viz.,  that  the  O  diffuses  from  the  air-cells  of  the  lung  into  the  blood-plasma, 
where  it  reaches  the  blood-corpuscles  floating  in  the  plasma.  The  hajmoglobin  of  the 
blood-corpuscles  forms  at  once  a  chemical  compound  (oxyhaemoglobin)  with  the  O. 

Even  in  very  rarefied  air,  sucli  as  is  met  with  in  the  upper  regions  of  the  atmosphere  during 
a  balloon  ascent,  the  absorption  of  0  still  remains  independent  of  the  partial  pressure.  But  a 
much  longer  time  is  required  for  this  process  at  the  ordinary  temperature  of  the  body,  so  that 
in  rarefied  air,  the  absorption  of  0  is  greatly  delayed,  but  it  is  not  diminished.  This  is  the 
cause  of  death  in  aeronauts  who  have  ascended  so  high  that  the  atmospheric  pressure  is  dimin- 
ished to  one-third  (Sctschenow). 

2.  Excretion  of  CO.^. — With  regard  to  the  excretion  of  CO,  from  the  blood,  we 
must  remember  that  the  COg  in  the  blood  exists  in  two  conditions.  Part  of  the 
CO,  forms  a  loose  or  feeble  chemical  compound,  while  another  portion  is  more 
•firmly  combined.  The  former  is  obtained  by  those  means  which  remove  gases  from 
fluids  containing  them  in  a  state  of  absorption,  so  that  in  removing  the  CO.2  from 
the  blood  it  is  difficult  to  determine  whether  the  CO^,  so  removed,  obeyed  the  law 
of  diffusion,  or  if  it  was  expelled  by  chemical  means. 

Although  it  is  convenient  to  represent  the  excretion  of  COg  from  the  blood  into 
the  air-vesicles  of  the  lung,  as  due  to  equilibration  of  the  tension  of  the  CO,  on 
opposite  sides  of  the  alveolar  membrane,  i.e.,  to  diffusion — nevertheless,  chemical 
processes  play  an  important  part  in  this  act.  The  absorption  of  O  by  the  coloured 
corpuscles  acts,  at  the  same  time,  in  expelling  CO2.  This  is  proved  by  the  fact 
that  the  expulsion  of  COg  from  the  blood  takes  place  more  readily  when  O  is 
simultaneously  admitted.  The  free  supply  of  O  not  only  favours  the  removal  of 
the  CO2,  which  is  loosely  combined,  but  it  also  favours  the  expulsion  of  that  portion 
of  the  CO.2  which  is  more  firmly  combined,  and  which  can  only  be  expelled  by  the 
addition  of  acids  to  the  blood.  That  the  oxygenated  blood-corpuscles  {i.e.,  their 
oxyhaemoglobin)  are  concerned  in  the  removal  of  CO2  is  proved  by  the  fact  that 
CO,  is  more  easily  removed  from  serum  which  contains  oxygenated  blood-corpuscles 
than  from  serum  charged  with  O. 

[The  following  scheme  may  serve  to  illustrate  the  extent  to  which  diffusion  comes 
into  play.  The  0  must  pass  through  the  alveolar  membrane,  AB — including  the 
alveolar  epithelium  and  the  wall  of  the  capillaries — as  well  as  the  blood-plasma,  to 
reach  the  heemoglobin  of  the  blood-corpuscles.  Similarly,  the  CO,  must  leave  the 
salts  of  the  plasma  with  which  it  is  in  combination,  and  diffuse  in  the  opposite 
direction,  through  the  wall  of  the  capillaries,  the  alveolar  membrane,  and  epithelium, 
to  reach  the  air-vesicles.  Let  AB  represent  the  alveolar  membrane ;  on  the  one 
side  of  it  is  represented  the  partial  pressure  of  the  CO.,  and  O  in  the  air-vesicles  ; 
and  on  the  other,  the  partial  pressure  of  the  CO.^  and  O  in  the  venous  blood  entering 
the  lung.    The  arrows  indicate  the  direction  of  diffusion.] 

Partial  pressure  of  air  in  I   ^ 

alveoli  of  lung. 

A- 


7-44 

■-    ,  i—  — T- 

Tension  of  gases  in  venous        )      41  22 

blood  of  lung.  |    cO.,  0 


,  DISSOCIATION  OF  GASES.  jg^ 

Nature  of  the  Process. — The  exchange  of  gases  between  the  blood  and  the  aif 
in  the  lungs  has  been  represented  by  Bonders  as  due  to  the  process  of  dis- 
sociation. 

[Bohr  used  a  modified  rlieometer  of  Lndwig's,  whereby  living  arterial  blood  was  brought  into 
direct  contact  with  a  volume  of  air  containing  a  greater  or  less  percentage  of  CO.,.  Even  when 
the  amount  of  CO..  in  the  air  in  direct  contact  with  tlie  blood  was  very  small,  it  was  found  that 
very  little  CO3  diffused  from  the  blood  into  the  air-space.  Bohr  therefore  concludes  that  the 
separation  of  COo  from  the  venous  blood  in  the  luiigs,  and  its  passage  into  the  air-vesicles  are 
not  e.xplicable  on  the  hypothesis  of  dilfusion,  but  we  must  rather  regard  the  COo  as  removed 
from  the  blood  by  the  pulmonary  tissue  by  means  of  a  kind  of  secretory  process,  analogous  to 
the  excretion-processes  in  glands.  ]  ° 

130.  DISSOCIATION  OF  GASES.— Many  gases  form  true  chemical  compounds 
with  other  bodies  (^.e.,  they  combine  according  to  their  equivalents),  when  the  con- 
tact of  these  bodies  is  effected  under  conditions  such  that  the  partial  pressure  of 
the  gases  is  high.  The  chemical  compound  formed  under  these  conditions  is  broken 
up,  whenever  the  partial  pressure  is  diminished,  or  when  it  reaches  a  certain  mini- 
mum level,  which  varies  with  the  nature  of  the  bodies  forming  the  compound 
Thus,  by  increasing  and  diminishing  the  partial  pressure  alternately,  a  chemical' 
compound  of  the  gas  may  be  formed  and  again  broken  up.  This  process  is  called 
dissociation  of  the  gases.  The  minimal  partial  pressure  is  constant  for  each  of 
the  different  substances  and  gases,  but  temperature,  as  in  the  case  of  the  absorption- 
of  gases,  has  a  great  effect  on  the  partial  pressure  ;  with  increase  of  temperature 
the  partial  pressure,  under  which  dissociation  occurs,  diminishes. 

As  an  example  of  the  dissociation  of  a  gas,  take  the  case  of  calcium  carbonate.  When  it  is 
heated  m  the  air  to  440°  C.,  CO,  is  given  off  from  its  state  of  chemical  combination  but  s 
taken  up  again  and  a  chemical  compound  formed,  which  is  changed  into  chalk  when  it  cools 

Dissociation  in  the  Blood.— The  chemical  combinations  containing  CO  and 
those  containing  O  within  the  blood-stream,  viz.,  the  salts  of  the  plasma,  which 
are  combined  with  CO^,  and  the  oxyhasmoglobiu,  behave  in  a  similar  manner.  If 
these  compounds  of  O  and  CO^  are  placed  under  conditions  where  the  partial 
pressure  of  these  gases  is  very  low— i.e.,  in  a  medium  containing  a  very  small 
amount  of  these  gases,  the  compounds  are  dissociated,  i.e.,  they  give  off  CO  or  O 
If  after  being  dissociated  they  are  placed  under  conditions  where,  owing  \o  the 
large  amount  of  these  gases,  the  partial  pressure  of  O  or  of  CO,  is  high,  these  gases 
are  taken  up  agam,  and  enter  into  a  condition  of  chemical  combination 

The  haemoglobm  of  the  blood  in  the  pulmonary  capillaries  finds  plenty  of  0  in 
L  thlTn' '     T'  1  O  owing  .to  the  high  partial  pressure  of  the  O 

L  i  compound  oxyhemoglobin.    On  its  course  through 

the  capillaries  of  the  systemic  circulation,  the  oxyhemoglobin  of  the  blood  comes 
into  relation  with  tissues  poor  in  O;  the  oxyhemoglobin  is  dissociated  the  O  is 
supplied  to  the  tissues,  and  the  blood  freed  irom  thfs  O  returns  to  the  Iht  hear? 
and  passes  to  the  lungs,  where  it  takes  up  the  new  0  ' 
The  blood  whilst  circulating  meets  with  most  CO,  in  the  tissues  •  the  hmh 
partial  pressure  of  the  CO,  in  the  tissues  causes  the  Co'  to  unite  S  certain  con 
stituents  m  the  blood  so  as  to  form  chemical  compounds,' which  carry  the  Crfrom 

h':  Crr^erv  lo^l-  ^'.V"'  l^oweVer,  te^JISat^res^^re^^^^ 

the  CO2  IS  very  low,  dissociation  of  these  chemical  compounds  occurs  under  the 

tl^xn  n  ST"''        '^'^^^  ^'^^^  of  the  W  fiom  wh  ch 

hVlf?  .1'^.-'^''"°^  expiration.  It  is  evident  that  the  giving  up  of  O  Tom  the 
lt  f.T  \"  ''''''''' absorption  of  CO,  from  the  tissue!,  "0  on  s^de  bv  s  de 

^^iL^Ztli^l^?^^^^  t         or  an  animal  be  placed  in  t1,e 

do  not  enter  the  ^ham^./ ^f^^ I  S^^fi^S^^^^  ^IJ- 
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chamber.  It  is  less  satisfactory  to  leave  tlie  head  of  the  person  outside  the  chamber,  while  the 
neck  is  iixod  air-tiffht  in  tlio  wall  of  the  chamber.  The  extent  of  the  cutaneous  respiration  of  a 
limb  may  be  ascertained  by  enclosing  it  in  an  air-tight  vessel  {IVuhrvj)  similar  to  that  used  for 
tlie  arm  in  the  plethysniograph  {§  101). 

Loss  l)y  Skin.— A  healthy  man  lose.s  by  the  skin,  in  24  hours,  -^^  of  his  body- 
weight,  which  is  greater  than  the  loss  by  the  lungs,  in  the  ratio  of  3' :  2,  Only  10 
grammes — 150  grains, — or  it  maybe  3-9  grammes  60  grains, — of  the  entire  loss  are 
due  to  the  CO,  given  off  by  the  skin.  The  remainder  of  the  excretion  from  the 
skin  is  due  to  water  [l|-2  lb  daily]  containing  a  few  salts  in  solution.  When  the 
surrounding  temperature  is  raised,  the  CO^  is  increased,  in  fact  it  may  be  doubled ; 
violent  muscular  exercise  has  the  same  effect. 

0  Absorbed. — The  O  taken  up  by  the  skin  is  either  equal  to,  or  slightly  less 
than,  the  COj  given  off.  As  the  COg  excreted  by  the  skin  is  only  of  that  ex- 
creted by  the  lungs,  while  the  O  taken  in  -  of  that  taken  in  by  the  lungs,  it 
is  evident  that  the  respiratory  activity  of  the  skin  is  very  slight.  Animals  whose 
skin  has  been  covered  by  an  impermeable  varnish  die,  not  from  suffocation,  but 
from  other  causes  (§  225). 

In  animals  with  a  thin  moist  epidermis  (frog)  the  exchange  of  gases  is  much  greater,  and  in 
them  the  skin  so  far  supports  the  lungs  in  their  function,  and  may  even  partly  replace  them 
functionally.  In  mammals  with  thick  dry  cutaneous  appendages,  the  exchange  of  gases  is, 
again,  much  less  than  in  man. 

132.  INTERNAL  RESPIRATION.— Where  COg  is  formed.— By  the  term 
"  internal  respiration  "  is  understood  the  exchange  of  gases  between  the  capillaries 
of  the  systemic  circulation  and  the  tissues  of  the  organs  of  the  body.  As  organic 
constituents  of  the  tissues,  during  their  activity,  undergo  gradual  oxidation,  and 
form,  amongst  other  products,  COj;  we  may  assume — (1)  that  the  chief  focus  for 
the  absorption  of  O  and  the  formation  of  COg  is  to  be  sought  for  within  the 
tissues  themselves.  That  the  0  from  the  blood  in  the  capillaries  rapidly  penetrates 
or  diffuses  into  the  tissues,  is  shown  by  the  fact  that  the  blood  in  the  capillaries 
rapidly  loses  O  and  gains  CO,,  while  blood  containing  O,  and  kept  warm  out- 
side the  body,  changes  very  slowly  and  incompletely.  If  portions  of  fresh  tissues 
be  placed  in  defibrinated  blood  containing  O,  then  the  O  rapidly  disappears. 
Frogs  deprived  of  their  blood  exhibit  an  exchange  of  gases  almost  as  great  as 
normal.  This  shows  that  the  exchange  of  gases  must  take  place  in  the  tissues 
themselves.  If  the  chief  oxidations  took  place  in  the  blood  and  not  in  the  tissues, 
then,  during  suffocation,  when  O  is  excluded,  the  substances  which  use  up  O,  i.e., 
those  substances  which  act  as  reducing  agents,  ought  to  accumulate  in  the  blood. 
But  this  is  not  the  case,  for  the  blood  of  asphyxiated  animals  contains  mere  traces 
of  reducing  materials  {Pfliiger).  It  is  difficult  to  say  how  the  O  is  absorbed  by  the 
tissues,  and  what  becomes  of  it  immediately  it  comes  in  contact  with  the  living 
elements  of  the  tissues.  Perhaps  it  is  temporarily  stored  up,  or  it  may  form  certain 
intermediate  less  oxidised  compounds.  This  may  be  followed  by  a  period  of  rapid 
formation  and  excretion  of  CO,.  On  this  supposition,  it  is  evident  that  the  absorp- 
tion of  O  and  the  excretion  of'COg  need  not  occur  to  the  same  extent,  so  that  the 
amount  of  CO2  given  off  at  any  period  is  not  necessarily  an  index  of  the  amount  of 
O  absorbed  during  the  same  period  (§  127). 

[There  are  two  views  as  to  where  the  COg  is  formed  as  the  blood  passes  through 
the  tissues.  One  view  is  that  the  seat  of  oxidation  is  in  the  blood  itself,  and  the 
other  is  that  it  is  formed  iu  the  tissues.  If  we  knew  the  tension  of  the  gases  in 
the  tissues,  the  problem  would  be  easily  solved,  but  we  can  only  arrive  at  a  know- 
ledge of  this  subject  indirectly,  in  the  following  ways]: — 

CO.,  in  Cavities.— That  the  CO.,  is  formed  in  the  tissues,  is  supported  by  the  fact  that  the 
amount  of  CO2  in  the  fluids  of  the'cavities  of  the  body  is  greater  than  the  CO.  m  the  blood  ot 
the  capillaries."    The  tension  of  CO^  in — 
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Mm. 

Arterial  blood,     .       .        12'28  Hg  tension. 
Peritoneal  cavity,        .        58 '5    ,,  ,, 
Acid  urine,      '  .       .        68"0  ,, 


Mm. 

Bile  50-0  Hg  tension. 

Hydrocele  fluid,     .       .        46'5  ,, 

{Pfliiger  and  Slrasshurg). 

The  large  amount  of  CO.,  in  these  fluids  can  only  arise  from  the  C0«  of  the  tissues  passing  into 
them,- 

Gases  of  Lymph.— In  tlie  lymph  of  the  ductus  thoracicus  the  tension  of  C02  =  33-4  to  37-2 
mm.  Hg,  which  is  greater  than  in  arterial  blood,  hut  considcrahly  less  than  in  venous  blood 
(41-0  mm.  Hg).  [Ludioig  and  Hammarsten,  Tschirjeiu.]  This  does  not  entitle  us  to  conclude 
that  in  the  tissues  from  which  the  lymph  comes  only  a  small  quantity  of  CO.,  is  formed,  but 
rather  that  in  the  lymph  there  is  less  attraction  for  the  CO2  formed  in  the  tiss'ues  than  in  the 
blood  of  the  capillaries,  where  chemical  forces  are  active  in  causing  it  to  combine,  or  that  in  the 
com-se  of  the  long  lymph-current,  the  COo  is  partly  given  back' to  the  tissues,  or  that  CO,  is 
formed  in  the  blood  itself.  Further,  the  muscles,  which  are  by  far  the  largest  producers  of  C0„, 
contain  few  lymphatics,  nevertheless  they  supply  much  CO^  to  the  blood.  The  amount  of  free 
''non-lixed"  COo  contained  in  the  juices  and  tissues  indicates  that  the  CO,  passes  from  the 
tissues  into  the  blood  ;  still,  Preyer  believes  that  in  venous  blood  C0„  undergoes  chemical  com- 
bination. The  exchange  of  0  and  COj  varies  much  in  the  difl'erent  "tissues.  The  muscles  are 
the  most  important  organs,  for  in  their  active  condition  they  excrete  a  large  amount  of  CO, 
and  use  up  much  0.  The  0  is  so  rapidly  used  up  by  them  that  no  free  0  can  be  pumped  out 
of  muscular  tissue  {L.  Hermann).  The  exchange  of  gases  is  more  vigorous  during  the  activity 
of  the  tissues.  Nor  are  the  salivary  glands,  kidneys,  and  pancreas  any  exception,  for  although, 
when  these  organs  are  actively  secreting,  the  blood  flows  out  of  the  dilated  veins  in  a  bright  red 
stream,  still  the  relative  diminution  of  COg  is  more  than  compensated  by  the  increased  volume 
of  blood  which  passes  through  these  organs. 

Eeductions  by  the  Tissues.— The  researches  of  Ehrlich  have  shown  that  in  most  tissues  very 
energetic  reductions  take  place.  If  colouring- matters,  such  as  alizarin  blue,  indopheuol  blue 
or  methyl  blue,  be  introduced  into  the  blood-stream,  the  tissues  are  coloured  by  them.  Those 
tissues  or  organs  which  have  a  particular  affinity  for  0  {e.g.,  liver,  cortex  of  the  kidney,  and 
limgs),  absorb  0  from  these  pigments,  and  render  them  colourless.  The  pancreas  and  sub- 
maxillary gland  scarcely  reduce  them  at  all. 

(2)  In  the  blood  itself,  as  in  all  tissues,  O  is  used  up  and  CO2  is  formed. 
This  is  proved  by  the  following  facts  :— That  blood  withdrawn  from  the  body 
becomes  poorer  in  O  and  richer  in  COg ;  that  in  the  blood  of  asphyxia,  free  from 
O,  and  in  the  blood-corpuscles,  there  are  slight  traces  of  reducing  agents,  which 
become  oxidised  on  the  addition  of  O.  Still,  this  process  is  comparatively  insigni- 
ficant as  against  that  which  occurs  in  all  the  other  tissues.  That  the  walls  of  the 
vessels— more  especially  the  muscular  fibres  in  the  walls  of  the  small  arteries— use 
O  and  produce  COg  is  unquestionable,  although  the  exchange  is  so  slight  that  the 
blood  in  its  whole  arterial  course  undergoes  no  visible  change. 

Lud\vig  and  his  pupils  have  proved  that  CO^  is  actually  formed  in  the  blood.  If  the  easily 
oxidisable  lactate  of  soda  be  mixed  with  blood,  and  this  blood  be  caused  to  circulate  in  an 
excised  but  still  Imng  organ,  such  as  a  lung  or  kidney,  more  0  is  used  up  and  more  CO,  is 
tormed  than  in  unmixed  blood  similarly  transfused. 

wu^^  "^^^^  tissues  of  the  living  lungs  use  0  and  give  off  CO,  is  probable 
When  C.  Ludwig  and  Miiller  passed  arterial  blood  through  the  blood-vessels  of  a 
lung  deprived  of  air,  the  O  was  diminished  and  the  COg  increased.  As  the  total 
amount  of  CO2  and  O  found  in  the  entire  blood,  at  any  one  time,  is  only  4 
grammes  and  as  the  daily  excretion  of  CO2  =  900  grammes,  and  the  O  absorbed 
<laily  =  744  grammes,  it  is  clear  that  exchange  of  gases  must  go  on  with  great 
rapidity,  that  the  0  absorbed  must  be  used  quickly,  and  the  CO^  must  be  rapidly 

±oS  ro"  nnS'S?.!^'*  1*^1^*  oxidation-processes  of  such  magnitude,  as  e.g.,  the  union  of  C 
sumi^d  t^'U  11  A  ^^I'^t^^'^^J'  temperature  of  the  blood  and  the  tissues.  It  has  been 
Ses  rilL  °f  .f'l'  -r  '^^„°2,o°«  Producer,  and  transfers  this  active  form  of  0  to  the 
wocest,  nf  n?,Vl  r      If  °f         °f  tl^*^  and  tissues  favours  the 

Lcome  L^Lfv  n  .^T""'"'"  oi'ganic  substances,  which  are  not  altered  by  0  alone, 

suL°ar  Iff^r  f  ^'■'^'^  ^-f-'  gallic  acid,  pyrogallic  acid,  and 

SonatI  whe^Ttl'^T'"  T  ""^ff^'^ted  by  "ozone  aloAe  \re  changed  into 

Te™TntrJdnc  tl  fo"n  of  alka  me  salts  {Goritp-Besanez)  :  and,  in  tl.e  same  way,  when 
ney  aie  introduced  into  the  body  in  the  lorm  of  acids,  they  are  partly  or  wholly  exci-eted  in 
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the  lu'iuo,  but  wlion  tliey  arc  adniinisterod  as  alkaline  compounds  they  are  changed  into 
carbonates,  .... 

133.  RESPIRATION  IN  A  LIMITED  SPACE.— Respiration  in  a  Hmited 
space  causes— (1)  a  gradual  diminution  of  0  ;  (2)  a  simultaneous  increase  of  CO., ; 
(3)  a  diminution  in  the  volume  of  the  gases.  If  the  space  be  of  moderate  dimen- 
sions, the  animal  uses  up  almost  all  the  O  contained  therein,  and  dies  ultimately 
from  spasms  caused  by  the  asphyxia.  The  0  is  absorbed,  therefore— independently 
of  the  laws  of  absorption — by  chemical  means.  The  O  in  the  blood  is  almost  com- 
pletely used  up  (§  129).  In  a  larger  space,  the  C0._;  accumulates  rapidly,  before 
the  diminution  of  O  is  such  as  to  affect  the  life  of  the  animal.  As  COg  can  only 
be  excreted  from  the  blood  when  the  tension  of  the  COg  in  the  blood  is  greater 
than  the  tension  of  CO.^  in  the  air,  as  soon  as  the  CO.^  in  the  surrounding  air  in 
the  closed  space  becomes  the  same  as  in  the  blood,  the'COg  will  be  retained  in  the 
blood,  and  finally  CO^  may  pass  back  into  the  body.  This"  occurs  in  a  large  closed 
space,  when  the  amount  of  O  is  still  sufficient  to  support  life,  so  that  death  occurs, 
under  these  circumstances  (in  rabbits)  through  poisoning  with  CO,  causing 
diminished  excitability,  loss  of  consciousness,  and  lowering  of  temperature,  but  no 
spasms  ( Wonn  Milller).  In  pure  0  animals  breathe  in  a  normal  way ;  the  quantity 
of  O  absorbed  and  the  CO,  excreted  is  quite  independent  of  the  percentage  of  O, 
so  that  the  former  occurs  through  chemical  agency  independent  of  pressm-e.  In 
limited  spaces  filled  with  O,  animals  died  by  absorption  of  the  CO,  excreted. 
Worm  Miiller  found  that  rabbits  died  after  absorbing  CO2  equal  to  half  the  volume 
of  their  body,  although  the  air  still  contained  50  per  cent.  O.  Animals  can 
breathe  quite  quietly  a  mixture  of  air  containing  14 '8  per  cent.  (20 '9  per  cent, 
normal)  ;  with  7  per  cent,  they  breathe  with  difficulty  ;  with  4'5  per  cent,  there  is 
marked  dyspnoea  ;  with  3  per  cent.  O  there  is  tolerably  rapid  asphyxia.  The  air 
expired  by  man  normally  contains  14  to  18  per  cent.  O.  According  to  Hempner, 
mammals  placed  in  a  mixture  of  gases  poor  in  O  use  slightly  less  0. 

Dyspncea  occurs  when  the  respired  air  is  deficient  in  0,  as  well  as  when  it  is  overcharged 
with  C0„,  but  the  dyspncea  in  the  former  case  is  prolonged  and  severe  ;  in  the  latter,  the 
respiratory  activity  soon  ceases.  The  want  of  0  causes  a  greater  and  more  prolonged  increase 
of  the  blood-pressure  than  is  caused  by  excess  of  COg.  Lastly,  the  consumption  of  0  in  the 
body  is  less  affected  when  the  0  in  the  air  is  diminished  than  when  there  is  excess  of  COo.  If 
air  containing  a  diminished  amount  of  0  be  respired,  death  is  preceded  by  violent  phenomena 
of  excitement  and  spasms,  which  are  absent  in  cases  of  death  caused  by  breathing  air  over- 
charged with  CO2.  In  poisoning  with  COo,  the  excretion  of  COo  is  greatly  diminished,  while 
■with  diminution  of  0  it  is  almost  unchanged. 

If  animals  be  supplied  with  a  mixture  of  gases  similar  to  the  atmosphere,  in 
which  N  is  replaced  by  H,  they  breathe  quite  normally  [Lavoisier  mid  Seguin) ; 
the  H  undergoes  no  great  change. 

CI.  Bernard  found  that,  when  an  animal  breathed  in  a  limited  space,  it  became  partially 
accustomed  to  the  condition.  On  placing  a  bird  under  a  bell-jar,  it  lived  several  hours  ;  but 
if  several  hours  before  its  death,  another  bird  fresh  from  the  outer  air  were  placed  under  the 
same  bell-jar,  the  second  bird  died  at  once,  with  convulsions. 

Frogs,  when  placed  for  several  hours  in  air  devoid  of  0,  give  off  just  as  much  CO.,  as  in  air 
containing  0,  and  they  do  this  without  any  obvious  disturbance.  Hence,  it  appears  that  the 
formation  of  COo  is  independent  of  the  absorption  of  O,  and  the  C0„  must  be  formed  from  the 
decomposition  of  other  compounds.  Ultimately,  however,  complete  motor  paralysis  occurs, 
whilst  the  circulation  remains  undisturbed  (Aubert). 

[134.  DYSPN(EA  AND  ASPHYXIA.— For  the  causes  of  dyspnea  see  §  111, 
and  those  of  asphyxia  see  §  368.  If  from  any  cause  an  animal  be  not  supplied  with 
a  due  amount  of  air,  normal  respiration  becomes  greatly  altered,  passing  through  the 
phases  of  hyperpnoea,  or  increased  respiration,  dyspnoea,  or  difficulty  of  breathing, 
to  the  final  condition  of  sufi'ocation  or  asphyxia.  The  phenomena  of  asphyxia 
may  be  developed  by  closing  the  trachea  of  an  animal  with  a  clamp,  or  by  any 
means  which  prevents  the  entrance  of  air  or  blood  into  the  lungs. 


PHENOMENA  OF  ASPHYXIA.  1^7 

The  phenomena  of  asphyxia  are  usually  divided  into  several  stages  : — 1.  During 
the  first  stage  there  is  hyperpnoea,  the  respirations  being  deeper,  more  frequent, 
and  laboured.  The  extraordinary  muscles  of  respiration — both  those  of  inspiration 
and  expiration  (§  118) — are  called  into  action,  dyspnoea  is  rapidly  produced,  and  the 
struggle  for  air  becomes  more  and  more  severe.  At  the  same  time  the  oxygen  of 
the  blood  is  being  used  up,  while  the  blood  itself  becomes  more  and  more  venous. 
The  venous  blood  circulating  in  the  medulla  oblongata  and  spinal  cord  stimulates 
the  respiratory  centres,  and  causes  the  violent  respirations.  This  stage  usually  lasts 
about  a  minute,  and  gradually  gives  places  to — 

2.  The  second  stage,  when  the  inspii-atory  muscles  become  less  active,  while 
those  concerned  in  laboured  expiration  contract  energetically,  and  indeed  almost 
every  muscle  in  the  body  may  contract ;  so  that  this  stage  of  violent  expiratory 
efforts  ends  in  general  convulsions.  The  convulsions  are  due  to  stimulation  of  the 
respiratory  centres  by  the  venous  blood.  The  convulsive  stage  is  short,  and  is 
usually  reached  in  a  little  over  one  minute.    This  storm  is  succeeded  by — 

3.  The  third  stage,  or  stage  of  exhaustion,  the  transition  being  usually  some- 
what sudden.  It  is  brought  about  by  the  venous  blood  acting  on  and  paralysing 
the  respiratory  centres.  The  pupils  are  widely  dilated,  consciousness  is  abolished, 
and  the  activity  of  the  reflex  centres  is  so  depressed  that  it  is  impossible  to  discharge 
a  reflex  act,  even  from  the  cornea.  The  animal  lies  almost  motionless,  with  flaccid 
muscles,  and  to  all  appearance  dead,  but  every  now  and  again,  at  long  intervals,  it 
makes  a  few  deep  inspiratory  efforts,  showing  that  the  respiratory  centres  are  not 
quite,  but  almost  paralysed.  Gradually  the  pauses  become  longer  and  the  inspira- 
tions feebler  and  of  a  gasping  character.  As  the  venous  blood  circulates  in  the  spinal 
cord,  it  causes  a  large  number  of  muscles  to  contract,  so  that  the  animal  extends  ita 
trunk  and  limbs.  It  makes  one  great  inspiratory  spasm,  the  mouth  being  widely 
opened  and  the  nostrils  dilated,  and  ceases  to  breathe.  After  this  stage,  which  is 
the  longest  and  most  variable,  the  heart  becomes  paralysed,  partly  from  being  over- 
distended  with  venous  blood,  and  partly,  perhaps,  from  the  action  of  the  venous 
blood  on  the  cardiac  tissues,  so  that  the  pulse  can  hardly  be  felt.  To  this  pulseless 
condition  the  term  "asphyxia"  ought  properly  to  be  applied.  In  connection  with 
the  resuscitation  of  asphyxiated  persons,  it  is  important  to  note  that  the  heart  con- 
tmues  to  beat  for  a  few  seconds  after  the  respiratory  movements  have  ceased. 

The  whole  series  of  phenomena  occupies  from  3  to  6  minutes,  according  to  the 
animal  operated  on,  and  depending  also  upon  the  suddenness  with  which  the  trachea 
was  closed.  If  the  causes  of  suff'ocation  act  more  slowly,  the  phenomena  are  the 
same,  only  they  are  developed  more  slowly. 

The  Circulation. —The  post-mortem  appearances  in  man  or  in  an  animal  are 
generally  well  marked.  The  right  side  of  the  heart,  the  pulmonary  artery,  the 
venae  cavjB,  and  the  vems  of  the  neck  are  engorged  with  dark  venous  blood  The 
left  side  IS  comparatively  empty,  because  the  rigor  mortis  of  the  left  side  of  the 
heart,  and_  the _  elastic  recoil  of  the  systemic  arteries,  force  the  blood  towards 
the  systemic  veins.  The  blood  itself  is  almost  black,  and  is  deprived  of  almost  aU 
Its  oxygen,  its  htemoglobin  being  nearly  all  in  the  condition  of  reduced  hemoglobin, 
yhile  ordinary  venous  blood  contains  a  considerable  amount  of  oxyhfemoglobin  as 
well  as  reduced  Hb.  The  blood  of  an  asphyxiated  animal  practically  contains  none 
of  the  former  and  much  of  the  latter.  It  is  important  to  study  the  changes  in  the 
circulation  in  relation  to  phenomena  exhibited  by  an  animal  during  suffocation. 

We  may  measure  the  blood-pressure  in  any  artery  of  an  animal  while  it  is  bein^ 
asphyxiated,  or  we  may  open  its  chest,  maintain  artilicial  respiration,  and  place  a 
manometer  in  a  systemic  artery,  e.g.,  the  carotid,  and  another  in  a  branch  of  the 
pulmonary  artery.  In  the  latter  case,  we  can  watch  the  order  of  events  in  the 
heart  itself,  when  the  artificial  respiration  is  interrupted.  It  is  well  to  study 
the  events  in  both  cases.       "  .       ^      ■  "  """"J^ 
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If  the  "blood-pressure  be  measured  in  a  systemic  artery,  e.g.,  the  carotid,  it  is 
found  that  the  blood-pressure  rises  very  rapidly,  and  to  a  great  extent  during  the 
first  and  second  stages  ;  the  pulse-beats  at  first  arc  quicker,  but  soon  become  slower 
and  more  vigorous.  During  the  third  stage  it  falls  rapidly  to  zero.  The  great 
rise  of  the  blood-pressure,  during  the  first  and  second  stages,  is  chiefly  due  to  the 
action  of  the  venous  blood  on  the  general  vaso-motor  centre,  causing  constriction  of 
the  small  systemic  arteries.  The  peripheral  resistance  is  thus  greatly  increased, 
and  it  tends  to  cause  the  heart  to  contract  more  vigorously,  but  the  slower  and 
more  vigorous  beats  of  the  heart  are  also  partly  due  to  the  action  of  the  venous 
blood  on  the  cardio-inhibitory  centre  in  the  medulla. 

If  the  second  method  be  adopted,  viz.,  to  open  the  chest,  keep  up  artificial 
respiration,  and  measure  the  blood-pressure  in  a  branch  of  the  pulmonary  artery, 
as  well  as  in  a  systemic  artery, — e.g.,  the  carotid, — we  find  that  when  the  artificial 
respiration  is  stopped,  in  addition  to  the  rise  of  the  blood-pressure  indicated  in  the 
carotid  manometer,  the  cavities  of  the  heart  and  the  large  veins  near  it  are  engorged 
with  venous  blood.    There  is,  however,  but  a  slight  comparative  rise  in  the  blood- 
pressure  in  the  pulmonary  artery.    This  may  be  accounted  for,  either  by  the  pul- 
monary artery  not  being  influenced  to  the  same  extent  as  other  arteries  by  the 
vaso-motor  centre,  or  by  its  greater  distensibility  (§  88).    But,  as  the  heart  itself  is 
supplied  through  the  coronary  arteries  with  venous  blood,  its  action  soon  becomes 
weakened,  each  beat  becomes  feebler,  so  that  soon  the  left  ventricle  ceases  to  con- 
tract and  is  unable  to  overcome  the  great  peripheral  resistance  in  the  systemic 
arteries,  although  the  right  ventricle  may  still  be  contracting.    As  the  blood 
becomes  more  venous,  the  vaso-motor  centre  becomes  paralysed,  the  small  systemic 
arteries  relax,  and  the  blood  flows  from  them  into  the  veins,  while  the  blood-pressure 
in  the  carotid  manometer  rapidly  falls.    The  left  ventricle,  now  relieved  from  the 
great  internal  pressure,  may  execute  a  few  feeble  beats,  but  they  can  only  be  feeble, 
as  its  tissues  have  been  subjected  to  the  action  of  the  very  impure  blood.  More 
and  more  blood  accumulates  in  the  right  side  from  the  causes  already  mentioned. 
The  violent  inspiratory  efforts  in  the  early  stages  aspirate  blood  from  the  veins 
towards  the  right  side  of  the  heart,  but  of  course  this  factor  is  absent  when  the 

chest  is  opened.]  ,  ,    ,  i      •     ^       a     4.  • 

rConvulsions  during  asphyxia  occur  only  in  warm-blooded  animals,  and  not  m 
frogs  If  a  drug  when  injected  into  a  mammal  excites  convulsions,  but  does  not 
do  so  in  the  frog,  then  it  is  usually  concluded  that  the  convulsions  are  due  to  its 
action  on  the  circulation  and  respiration,  and  not  to  any  direct  stimulatmg  effect 
upon  the  motor  centres.  But  if  the  drug  excites  convulsions  both  m  the  mammal 
and  frog,  then  it  probably  acts  directly  on  the  motor  centres  {Bi-unto7i).\ 

Recovery  from  the  condition  of  Asphyxia.-If  the  trachea  of  a  dog  be  ^^1°^^ ^^^uddeuly  an^^ 
roTnT,letelv  the  average  duration  of  the  respiratory  movements  is  4  minutes  5  seconds,  «h  le 
trCt  conta  t^^^^  for  about  7  minutes.  Eecovery  may  be  obtained  if  P^F^  n.eans  be 
adopted  before  the  heart  censes  to  beat ;  but  after  this,  never.  If  a  ^°g,l^'^^^„;«;™.f '  /^^f  * 
is  different  After  complete  submersion  for  H  minute,  recovery  did  not  take  place,  in 
^owSng  air  pass  s  out  of  the  chest,  and  ^vater  is  inspired  into  and  fills  the  air-vesicles  It 
Sfrirfof'recoverv  to  take  place  in  a  person  deprived  of  air  for  more  than  five  mmutes.  If  the 
rtatemen  Jof  ronS-diver  are  to  be  trusted,  a  person  may  become  accustomed  to  the  depriva 
of  aiX  a  lon^i  time  tlian  usual.  In  cases  where  recovery  takes  place  «fter  a  much  longeT 
feS  of  sulision,  it  has  been  suggested  that,  in  these  cases,  -^"I?,' ^^^^^^^^^^^^^ 

but  feebly  or  not  at  all,  so  that  the  oxygen  in  the  blood  is  not  used  up  with  tj«  ^ame  lapid  tj 
It  is  a  will-known  fact  that  newly-born  and  young  puppies  can  be  submerged  foi  a  long  time 

'trt^Sl'ReS^^^^^^^  A8phyxia._In  cases  of  suspended  animation,  artfM  rcspirat^ 
mifsf  be  performed.    The  first  thing  to  be  done  is  to  remove  any  foreign  ^^}>^^^'^%^'^^lJ^^' 

chest  rhythmically  with  the  hands. 


ARTIFICIAL  EESPIRATION  IN  ASPHYXIA.  igg 

[Marshall  Hall's  Method.— "  After  cleaving  the  mouth  and  throat,  place  the  patient  on  the 
face,  raising  and  supporting  the  cliest  well  on  a  folded  coat  or  other  article  of  dress.  Turn  the 
body  very  gently  on  the  side  and  a  little  beyond,  and  then  briskly  on  the  face,  back  again 
repeating  these  measures  cautiously,  efficiently,  and  perseveringly,  about  fifteen  times  in  the 
raimrte,  or  once  every  four  or  live  seconds,  occasionally  varying  the  side.  By  placing  the 
patient  on  the  chest,  the  weight  of  the  body  forces  the  air  out ;  when  turned  on  the  side,  tliis 
pressure  is  removed,  and  air  enters  the  chest.  On  each  occasion  that  the  body  is  replaced  on 
the  face,  make  uniform  but  efficient  pressure  with  brisk  movement  on  the  back  between  and 
below  the  shoulder-blades  or  bones  on  each  side,  removing  the  pressure  immediately  before 
turning  tlie  body  on  the  side.  During  the  whole  of  the  operations  let  one  person  attend  solely 
to  the  movements  of  the  head  and  of  the  arm  placed  under  it."] 

[Sylvester's  Method.— "  Place  the  patient  on  the  back  on  the  flat  surface,  inclined  a  little 
upwards  from  the  feet  ;  raise  and  support  the  head  and  shoulders  on  a  small  firm  cushion  or 
folded  article  of  dress  placed  under  the  shoulder-blades.  Draw  forward  the  patient's  tongue 
and  keep  it  projecting  beyond  the  lips  ;  an  elastic  band  over  the  tongue  and  under  the  chiii 
will  answer  this  purpose,  or  a  piece  of  string  or  tape  may  be  tied  round  them,  or  by  raisinc  the 
lower  jaw  the  teeth  may  be  made  to  retain  the  tongue  in  that  position.  Remove  all  tight 
clotliing  from  about  the  neck  and  chest,  especially  the  braces."  "To  Imitate  the  Movements  of 
Breathing.— Standing  at  the  patient's  head  grasp  the  arms  just  above  the  elbows,  and  draw  the 
arms  gently  and  steadily  upwards  above  the  head,  and  l-eep  them  stretched  upwards  for  two 
seconds.  By  this  means  air  is  drawn  into  the  lungs.  Then  turn  down  the  patient's  arms,  and 
press  them  gently  and  firmly  for  two  seconds  against  the  sides  of  the  chest.  By  this  means  air 
is  pressed  out  of  the  lungs.  Repeat  these  measures  alternately,  deliberately,  and  perseveringly 
about  fifteen  times  in  a  minute,  until  a  spontaneous  effort  to  respire  is  perceived,  immediately 
upon  which  cease  to  imitate  the  movements  of  breathing,  and  proceed  to  induce  circulation  and 
warmth."] 

Howard  advises  rhythmical  compression  of  the  chest  and  abdomen  by  sitting  like  a  rider 
astride  of  the  body,  while  Schiiller  advises  that  the  lower  ribs  be  seized  from  above  with  both 
hands  and  raised,  whereby  the  chest  is  dilated,  especially  when  the  thigh  is  pressed  against  the 
abdomen  to  compress  the  abdominal  walls.  The  chest  is  compressed  by  laying  the  hands  flat 
upon  the  hypochondria.  Artificial  respiration  acts  favourably  by  supplying  0  to,  as  well  as 
removing  00,  from,  the  blood  ;  further,  it  aids  the  movement  of  the  blood  within  the  heart 
and  m  the  large  vessels  of  the  thorax.  If  the  action  of  the  heart  has  ceased,  recovery  is  impos- 
sible. In  asphyxiated  newly-born  children,  we  must  not  cease  too  soon  to  perform  artificial 
respiration.  Even  when  the  result  appears  hopeless,  we  ought  to  persevere.  Pfliiger  and  Zuntz 
observed  that  the  reflex  excitability  of  the  fcetal  heart  continued  for  several  hours  after  the 
death  of  the  mother. 

Eesuscitation  by  compressing  the  heart.— Bdhm  found  that  in  the  case  of  cats  poisoned  with 
potash  salts  or  chloroform,  or  asphyxiated,  so  as  to  arrest  respiration  and  the  action  of  the 
heart,— even  for  a  period  of  forty  minutes,— and  even  when  the  pressure  within  the  carotid  had 
tauen  to  zero,  he  could  restore  animation  by  rhythmical  compression  of  the  heart,  combined  with 
artificial  respiration.  The  compression  of  the  heart  causes  a  slight  movement  of  the  blood 
while  It  acts  at  the  same  time  as  a  rhythmical  cardiac  stimulus.  After  recovery  of  the  respiration' 
tne  reflex  excitability  and  gradually  also  voluntary  movements  are  restored.  The  animals  are 
Wind  lor  several  days,  the  brain  acts  slowly,  and  the  urine  contains  sugar.  These  experiments 
show  how  important  it  is  m  cases  of  asphyxia  to  act  at  the  same  time  upon  the  heart 

1?  or  physiological  purposes,  artificial  respiration  is  often  made  use  of,  especiaUy  after 
poisoning  with  curaia.  Air  is  forced  into  the  lungs  by  means  of  an  elastic  bag  or  beUows, 
attached  to  a  cannula  tied  m  the  trachea.  The  cannula  has  a  small  opening  in  the  side  of  it 
to  allow  the  expired  air  to  escape.  6 

, I'l".?^.  have  once  been  properly  distended  with  air,  it  is  impossible 
t\^.l,Lt^  "^''''.^  compression  of  them  to  get  rid  of  all  the  air.    This  is  probably  due  to 

the  piessure  acting  on  the  small  bronchi,  so  as  to  squeeze  them,  before  the  aii-  can  be  forced  out 
? atUernw  If  ■        ^°^''r.i'  ^^^'"^  ^'^^      suspended  in  water,  the  Co! 

ana  Kellei ihe  atelectasis,  which  sometimes  occurs  m  the  lung,  may  thus  be  explained  •—If 
a  bronchus  IS  stopped  with  mucus  or  exudation,  CO,  accumulates'in  the  air-vesiclerbeWin  ' 
to  this  bronchus.    If  the  CO,  is  absorbed  by  the  blood  or  lymph,  the  correspondin°  areS 

aboS?  Xlt  iTrT  ^'r^^^'^  °f  the  respiratory  muscles,  b?ougS 

aoout  by  airect  or  reflex  stimulation  of  the  respiratory  centre.  ^  >  o 

caJ^su;nS^Hl^?°''°^n™'w  ^^^thout  a  sufficient  admixture  of  0 

thL'gr:^;SL^n??rtirr?^^^^^^^^ ^^^^       -  ---^^  '^-ti-g 

II.  Poisonous  Gases. -0-dlsplacing  Ga8^s.-(«,)  Those  that  displace  0.  and  form  a  stable  com- 
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pouml  with  tho  lireino<?lobin— (1)  60  (§§  16  and  17).  (2)  CNH  (hydrocyanic  acid)  displaces  (?) 
O  from  hajmoslobiii,  forming  a  more  stable  compound,  and  kills  exceedingly  rapidly.  IJlood- 
corpiiscles  charged  with  hydrocyanic  acid  lo.se  the  property  of  decomposing  liydric  peroxide  into 
Avater  and  0  (§  17,  S). 

(1)  Narcotic  Gases. — (1)  COj,. — V.  Pettenkofer  characterises  atmospheric  air  containing  'Iper 
cent.  C'Oo  as  "  bad  air"  ;  still,  air  in  a  room  containing  this  amount  of  C0„  produces  a  di.sagreeable 
feeling,  rather  from  the  impurities  mixed  with  it  than  from  the  actual  amount  of  CO^  itself. 
Air  containing  1  per  cent.  CO.j  ])roduces  decided  discomfort,  and  with  10  per  cent,  it  endangers 
life,  while  larger  amounts  cause  deatli,  with  symptoms  of  coma.  (2)  N.jO  (niti'ous  oxide),  respired, 
mixed  with  ^  volume  0,  causes,  after  1  to  2  minutes,  a  short  temporary  stage  of  excitement 
("Laughing  gas"  of  H.  Davy),  which  is  succeeded  by  unconsciousness,  and  afterwards  by  an 
increased  excretion  of  CO.,.    (3)  Ozonised  air  causes  similar  ell'ects  {Binz). 

(c)  Reducing  Gases. — (1)  H._,S  (sulphuretted  hydrogen)  ra]iidly  robs  blood-corpuscles  of  0, 
S  and  H«0  being  formed,  and  death  occurs  rapidly  before  tlie  gas  can  decompose  the  hajmoglobin 
to  form  a  sulphur-methaimoglobin  compound. 

(2)  PH;,  (phosphuretted  hydrogen)  is  oxidised  in  the  blood  to  form  phosphoric  acid  and 
water,  with  decomposition  of  the  haemoglobin. 

(3)  AsHj  (arseniuretted  hydrogen)  and  SbH.,  (antimoniuretted  hydrogen)  act  like  PHg,  but 
the  hfemoglobin  passes  out  of  the  stroma  and  appears  in  the  urine. 

(4)  CoNj  (cyanogen)  absorbs  0,  and  decomposes  tho  blood. 

III.  Irrespirable  gases,  i.e.,  gases  which,  on  entering  the  larynx,  cause  reflex  spasm  of  the 
glottis.  When  introduced  into  the  trachea,  they  cause  inflammation  and  death.  Under  this 
category  come  hydrochloric,  hydrofluoric,  sulphurous,  nitrous,  and  nitric  acids,  ammonia, 
chlorine,  fluorine,  and  ozone. 

136.  ACCIDENTAL  IMPURITIES  OF  THE  AIR.— Amongst  these  are  duBt-particles,  which 

occur  in  enormous  amount  suspended  in  the  air,  and  thereby  act  injuriously  upon  the  respiratory 
organs.  The  ciliated  epithelium  of  the  respiratory  passages  eliminates  a  large  number  of  them 
(fig.  148).    Some  of  them,  however,  reach  the  air-vesicles  of  the  lung,  where  they  penetrate  the 

epithelium,  reach  the  interstitial  lung-tissue 
and  lymphatics,  andso  pass  with  the  lymph- 
stream  into  the  bronchial  glands.  Particles 
of  coal  or  cliarcoal  are  found  in  the  lungs 
of  all  elderly  individuals,  and  blacken  the 
alveoli.  In  moderate  amount,  these  black 
particles  do  not  seem  to  do  any  harm  in  the 
tissues,  but  when  there  are  large  accumu- 
lations they  give  rise  to  lung-aflections, 
which  lead  to  disintegration  of  these  organs. 
[In  coal-miners,  for  example,  the  lung- 
tissues  along  the  track  of  the  lymphatics 
and  in  the  bronchial  glands  are  quite  black, 
constituting  "  coal-miners'  lung."]  In 
many  trades  various  particles  occur  in  the 
weavers,  spinners,  tobacco  manufacturers, 
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Fig.  148. 
Ciliated  epithelium. 

air:  miners,  grinders,  stone-masons,  file-makers,   ,  -j.  -  . 

millers,  and  bakers  suH'er  from  lung  affections  caused  by  the  introduction  of  particles  of  various 
kinds  inhaled  during  the  time  they  are  at  work.  t    -i  ij 

Germs.— There  seems  no  doubt  that  the  seeds  of  some  contagious  diseases  may  be  inhaled. 
Diphtheritic  bacteria  (Bacillus  diphtheria)  become  localised  in  tlie  pharynx  and  in  the  larynx- 
glanders  in  the  nose-measles  in  the  bronchi— whooping-cough  in  the  bronohi-hay-monads 
fn  the  nose— the  Bacillus  pneuraoniie  of  pneumonia  in  theiDulmonary  alveoli  iuberculosis, 
according  to  E.  Koch,  is  due  to  tho  introduction  and  development  of  the  Bacillus  tuberculosis 
in  the  luSgs,  the  bacillus  being  derived  from  the  dust  of  tuberculous  sputa.  1  he  same  seems  to  be 
the  case  with  the  Bacillus  of  leprosy  and  with  Bacillus  malanae,  winch  is  the  cause  of  makm 
The  latter  organism  thus  reaches  the  blood  ;  it  changes  the  Hb  within  the  red  blood-corpuscles 
into  jnelanin°(§  10,  3),  and  causes  them  to  break  up  The  Micrococcus  7^=""^!  ^"if 
gains  access  to  the  blood  in  the  same  way,  also  the  Spirillum  of  remittent  fever  (fig.  23),  the 
microbe  of  scarlet  fever,  &c.  ,   ,       -^i        r    5  ...„n«,^«,i 

Seeds  of  disease  passing  into  the  mouth  along  with  an-,  and  .a  so  with  the  1^°°^^' « ^7^"^^^' 
and  undergo  development  in  the  intestinal  tract,  as  is  probably  the  case  in  choleia(Co™^ 
bacillus  of  iJ.  Koch),  dysentery,  typhoid,  and  anthrax  which  is  due  to  Bacterium  authracis 
(fig.  24). 

VENTILATION  OF  ROOMS.— Fresh  air  is  as  necessary  for  the  healthy  as  for  the  sick. 
Evefy  healthy  person  ought  to  have  a  cubic  space  of  at  the  very  least  800  cubic  feet,  and  every 
silk  JeiSi  at  tL  very  least  1000  cubic  feet  of  space.  [The  cubic  space  allowed  per  mdiv  dual 
■  aries  g  eTtly,  but  lOCO  cubic  feet  is  a  fair  aver/ge.    H  the  air  in  this  space  is  to  be  kept  sAyeet, 
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so  that  the  CO.,,  does  not  exceed  -06  per  cent.,  3000  cubic  feet  of  air  per  hour  must  he  supplied 
i.e.,  the  air  in  the  space  must  be  renewed  three  times  per  hour.]  ' 
[Eloor-Space.— It  is  equally  important  to  secure  sullicient  floor-space,  and  this  is  especially 
the  case  in  hospitals.  If  possible,  100-120  square  feet  of  floor-space  ought  to  be  provided  for 
oach  patient  in  a  hospital-ward,  and  if  it  is  obtainable  a  cubic  space  of  1500  cubic  feet  {Purkes). 
In  all  cases  the  minimum  floor-space  should  not  be  less  than      of  the  cubic  space.] 

Overcrowding.— When  there  is  overcrowding  in  a  room,  the  amount  of  CO.,  increases.  V. 
Pettenkofer  found  the  normal  amount  of  CO.,  ('04  to  -05  per  1000)  increased^in  comfortable 
rooms  to  0'54-0-7  per  1000;  in  badly  ventilated  sick  chambers  =  2-4  ;  in  overcrowded  audi- 
toriums, 3-2  ;  in  pits  =  4  "9  ;  in  schoolrooms,  7-2  per  1000.    Although  it  is  not  the  quantity  of 
COo  which  makes  the  air  of  an  overcrowded  room  injurious,  but  the  excretions  from  the  outer 
and  inner  surfaces  of  the  bod}',  which  give  a  distinct  odour  to  the  air,  quite  recognisable  by  the 
.sense  of  smell,  still  the  amount  of  C0„  is  taken  as  an  index  of  the  jjresence  and  amount  of  the.se 
•other  deleterious  substances.    Whether  or  not  the  ventilation  of  a  room  or  ward  occupied  by 
persons  is  sufficient,  is  ascertained  by  estimating  the  amount  of  CO.,.    A  room  which  does  not 
give  a  disagreeable,  somewhat  stuffy,  odour  has  less  than  0-7  per  1000  of  C0„  while  the  ventila- 
tion IS  certamly  insufficient  if  the  C02  =  l  per  1000.    As  the  air  contains"  only  0-0005  cubic 
metre  CO2  in  1  cubic  metre  of  air,  and  as  an  adult  produces  hourly  0-0226  cubic  metres  CO 
calculation  shows  that  every  person  requires  113  cubic  metres  of  fresh  air  per  hour  if  the  Co' 
is  not  to  exceed  0-7  per  1000  :  for  0-7  :  1000  =  (0-0226-|-xx  0-0005):  a;,  i.e.,  a;  =  113.'  "■ 
[Vitiating  Products.— In  a  state  of  repose,  an  adult  man  gives  oS  from  12  to  16  cubic  feet  of 
CO2  m  twenty-four  hours,  or  on  an  average  -6  cubic  feet  per  hour.    To  this  must  be  added  a 
certam  quantity  of  organic  matter,  which  is  extremely  deleterious  to  health.    While  the  CO 
difi'uses  readily  and  is  easily  disposed  of  by  opening  the  windows,  this  is  not  the  case  with  the 
organic  matter,  which  adheres  to  clothing,  curtains,  and  furniture  ;  hence  to  get  rid  of  it  a 
room,  and  especially  a  sleeping  apartment,  requires  to  be  well  aired  for  a  long  time  too-ether 
vnth  the  free  admission  of  sunlight.    We  must  also  remember  that  an  adult  gives  oft'  from°25  to 
40  oz.  of  water  by  the  skin  and  lungs.    The  nature  of  the  organic  matters  is  not  precisely 
known,  but  some  of  it  is  particulate,  consisting  of  epithelium,  fatty  matters,  and  organic 
vapours  from  the  lungs  and  mouth.    It  blackens  sulphuric  acid,  and  decolourises  a  weak  solu- 
tion ol  pptassic  permanganate.    As  a  test,  if  we  expire  through  distilled  water,  and  this  water 
be  set  aside  tor  some  time  m  a  warm  place,  it  will  soon  become  foetid.    We  must  also  take  into 
the  products  of  combuBtion  ;  thus  1  cubic  foot  of  coal-gas,  when  burned,  destroys 
au  tne  U  m  0  cubic  feet  of  air  (Farkes).}  •' 

Methods. —In  ordinary  rooms,  where  every  person  is  aUowed  the  necessary  cubic  space  (1000 
cubic  feet),  the  air  is  sufficiently  renewed  by  means  of  the  pOres  in  the  walls  of  the  room  by  the 
opening  and  shutting  of  doors,  and  by  the  fireplace,  provided  the  damper  is  kept  open  It  is 
wn^ll.  fl  "^t^^>-al  ventilation  be  not  interfered  with  by  dampness  of  the 

hM  Z  t^^tP^r  T?'  ^^""^K  ^*       ^^"^'^  J^™P  "-alls  ai-e  njurious  to 

rilti^li  V  ^^^y  l^eat'.       in  them  the  germs  of  infectious  diseases  may  develop. 

[Natural  Ventilation. -By  this  term  is  meant  the  ventilation  brought  about  by  the  or  narv 

ril-fi  ^       °       different  densities  of  air  at  unequal  temperatures.] 
rli^ll  T  Ventilation.-Various  methods  are  in  use  for  ventilating  public  buildin-s  and 
a  r^TfttloL  Two  principles  are  adopted  for  the  former,  viz.,  extracti^on  and  propSn  of 
fn  the  Vtt-  a^  7fnl1'  ^"'^ked  out  0  the  rooms  by  a  fan  or  other  apparatus,  while 

tLperature.  j  previously  heated  to  the  necessary 

plIe^edTnftTwair''*Tr*^-°'^  of  introducing  air  into  a  room  is  by  means  of  Tobin's  tubes, 
.tl^f  1       ■  ^"t'^^'^  through  these  tubes  from  the  outside  near  the  floor  and 

a  s  tfn"^room°7""  '''''  "I  '"^'T^-  ^'J  ^'^^  '  '''^  ^i^'  def  ends  3I0T1V  For 
fowPr  .n^«r    1'  1  plan  Of  Window  ventilation  is  H.  Bird's  Method  --Rdse  the 

AiT  wi  ]  fbnn    P^^-'  \°      "P  ^^'^  "P'^'""^.  ^  piece  of  wood  3  or  4  inches  hi S 

atirfcr?:^^ofruVpr:lt'-^^^^"^  ^^1^1^- 

138.  FORMATION  OF  MUCUS,  SPUTUM.-The  respiratory  mucous  mem 

.cold  ro?W  the  mucous  glands  from  the  action  of 

^emo^ed     An  in         {"^"""'l-  "^^'^^     ''"'^'''^  already  formed  is 

membrane  for  ^ «f       respiratory  mucous 

Sea  ?.ntVnof^  f  irritation].  Division  of  the  nerves  on  one  side  of  the 
^n(LM^  Z\'"^^""^  ^'^'^'^^  ^'^'^^"^  membrane  and  increased  secre- 

•Xt]  'J  "^r'"''''  relation  of  cause  and 

eliectj.    The  secretion  cannot  be  excited  by  stimulating  the  nerves  going  to  the 
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mucous  membrane.  This  merely  causes  anasmia  of  the  mucous  membrane,  while 
the  secretion  continues.] 

Modifying  Conditions. — If  ico  bo  placed  on  the  belly  of  an  animal  so  as  to  cause  the  animal 
"  to  take  a  cold,"  the  respiratory  raucous  membrane  first  becomes  jxilc,  and  afterwards  there  is 
a  copious  mucous  secretion,  the  membrane  becoming  deeply  congested.  The  injection  of  sodium 
carbonate  and  ammonium  chloride  into  the  blood  limits  the  secretion.  The  local  application  of 
alum,  silver  nitrate,  or  tannic  acid,  makes  the  mucous  membrane  turbid,  and  the  epithelium  is 
shed.  The  secretion  is  excited  by  apomorphin,'iOmetin,  pilocarpin,  and  ipecacuanha  when  given 
internally,  while  it  is  limited  by  atropin  and  morphia  {Rosshach). 

[Expectorants  favour  the  removal  of  the  secretions  from  the  air-passages.  This  they  may  do- 
either  by  («)  altering  the  character  and  qualities  of  the  secretion  itself,  or  (&)  by  affecting  the 
expulsive  mechanism.  Some  of  the  drugs  already  mentioned  arc  examples  of  the  first  class. 
The  second  class  act  chiefly  by  influencing  the  respiratory  centre,  e.g.,  ipecacuanha,  strychnia, 
ammonia,  senega  ;  emetics  also  act  energetically  as  expectorants,  as  in  some  cases  of  chronic 
bronchitis  ;  warmth  and  moisture  in  the  air  are  also  powerful  adjuncts.] 

Sputum. — Under  normal  circumstances,  some  mucus — mixed  with  a  little  saliva — 
may  be  coughed  up  from  the  back  of  the  throat.    In  catarrhal  conditions  of  the 


Fig.  149. 

Various  obiects  found  in  sputum.  1,  detritus  and  particles  of  dust;  2,  alveolar  epitheliun> 
with  pigment  ;  3,  fatty  and  pigmented  alveolar  epithelium  ;  4,  alveolar  epithelium  witli 
myelin-forms  ;  5,  free  myelin-forms  ;  6,  7,  ciliated  epithelium  some  without  cdm  ;  8,. 
squamous  epithelium  from  the  mouth  ;  9,  leucocytes  ;  10,_  elastic  fibres  ;  11,  fibrm-cast  of  a 
small  bronchus  ;  12,  leptothrix  buccalis  with  cocci,  bacteria,  and  spirochaetae  ;  «,  tatty  acia 
crystals  and  free  fatty  granules  ;  h,  heematoidin  ;  c,  Charcot's  crystals  ;  d,  cholesterm. 
respiratory  mucous  membrane,  the  sputum  is  greatly  increased  in  amount,  and  is 
often  mixed  with  other  characteristic  products.    MicroscopicaUy,  sputum  con- 

Epithelial  Cells,  chiefly  squames  from  the  mouth  and  pharynx  (fig.  U9), 
more  rarely  alveolar  epithelium  and  ciliated  epithelium  (7)  from  the  respiratory 
passages.  They  are  often  altered  owing  to  maceration  or  other  changes.  iHus 
some  cells  may  have  lost  their  cilia  (6). 

The  epithelium  of  the  alveoli  (2)  is  squamous  epithelium,  the  cells  being  two  to  tour  timos 
th  JSeadh  of  a  colourless  blood-corpusck    These^ells  occur  chiefly  l^f^^^f^^S 
individuals  over  30  years  of  age.    In  younger  persons  their  presence  indicates  a  pathological 
condition  of  the  pulmonary  parenchyma. 
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Thoy  often  undergo  fatty  degeneration,  and  they  may  contain  pigment-granules  (3) ;  or  they 
may  present  the  appearance  of  \yhat  Buhl  has  called  "myelin  degenerated  cells,"  i.e.,  cells  filled 
with  clear  refractive  drops  of  various  sizes,  some  colourless,  others  with  coloured  particles,  the  latter 
having  been  absorbed  (4).    Mucin  in  the  form  of  myelin  drops  (5)  is  always  present  in  sputum. 

2.  Lymphoid  cells  (9)  are  colourless  blood-corpuscles  which  have  wandered  out 
of  the  blood-vessels ;  they  are  most  numerous  in  yellow  sputum,  and  less  numerous 
in  the  clear  mucus-like  excretion.  The  lymph-cells  often  present  alterations  in  their 
characters  •,  they  may  be  shrivelled  up,  fatty,  or  present  a  granular  appearance. 

The  fluid  substance  of  the  sputum  contains  much  mucus,  arising  from  the 
mucous  glands  and  goblet  cells,  together  with  nuclein,  and  lecithin,  and  the  con- 
stituents of  saliva,  according  to  the  amount  of  the  latter  mixed  with  the  secretion. 
Albumin  occurs  only  during  the  inflammation  of  the  respiratory  passages,  and  its 
amount  increases  with  the  degree  of  inflammation.  Urea  has  been  found  in  cases 
of  nephritis. 

In  cases  of  catarrh,  the  sputum  is  at  first  usually  sticky  and  clear  (sputa  cruda),  but  later  it 
becomes  more  fii-m  and  yellow  (sputa  cocta).  Under  pathological  conditions,  there  may  be  found 
in  the  sputum— (a)  red  blood-corpuscles  from  rupture  of  a  blood-vessel.  (&)  Elastic-flbres  (10) 
from  disintegration  of  the  alveoli  of  the  lung ;  usually  the  bundles  are  fine,  curved,  and  the 
fibres  branched.  [In  certain  cases  it  is  well  to  add  a  solution  of  caustic  potash,  which 'dissolves 
most  of  the  other  elements,  leaving  the  elastic  fibres  untouched.]  Their  presence  always 
indicates  destruction  of  the  lung-tissue,  (c)  Colourless  plugs  of  fibrin  (11),  casts  of  the  smaller 
or  larger  bronchi,  occur  in  some  cases  of  fibrinous  exudation  into  the  finer  air-passages  (d) 
Crystals  of  various  kinds— crystals  oifattij  acids  in  bundles  of  fine  needles  (fig.  149,  a).  They 
indicate  great  decomposition  of  the  stagnant  secretion.  Leucin  and  tyrosin  crystals  are  rare 
(§  269)  Tyrosin  occurs  in  considerable  amount  when  an  old  abscess  breaks  into  the  lun^s 
Colourless,  sharp-pointed,  octagonal  or  rhombic  plates— Charcot's  crystals  (c)— have  been  found 
in  the  expectoration  in  asthma,  and  exudative  affections  of  the  bronchi.  Haematoidin  (b)  and 
cholestenn  crystals  (d)  occur  much  more  rarely. 

Fungi  and  other  lowly  organisms  are  taken  in  during  inspiration  (§  136).  The  threads  of 
Leptothrix  buccahs  (12),  detached  from  the  teeth,  are  frequently  found  (§  147).  Mycelium  and 
spores  are  found  m  thrush  (Oidium  albicans),  especially  in  the  mouths  of  sucking  infants  In 
malodorous,  expectoration  rod-shaped  bacteria  are  present.  In  pulmonary  gangrene  are  found 
monads  and  cercoraonads ;  in  pulmonary  phthisis  the  tubercle  bacillus  ;  verV  rarely  sarcina 
which,  however,  is  often  found  in  gastric  catarrh  in  the  stomach  and  also  in  the  urine  (S  270) 

Physical  Characters. -Sputum,  with  reference  to  its  physical  characters,  is  described  as 
mucous,  nnuco-furulent,  or  purulent. 

Abnormal  coloration  of  the  sputum— red  from  blood  ;  when  the  blood  remains  long  in  the 
lung  It  imdergoes  a  regular  series  of  changes,  and  tinges  the  sputum  dark-red,  bluish-brown, 
vpuIwT'^-  "^'^  '^^^P  yellow,  yellowish-gi-een,  or  grass-green.  The  sputum  is  sometimes 
"  blMk-spit''"  owners]  ^^^^     in^W^di  [as  in  the  case  of  the 

hJ5L°„1°'^f  °'"^e'^  unpleasant.^   It  becomes  very  disagreeable  when  it 

has  remained  long  m  pathological  lung-cavities,  and  it  is  stinking  in  gangi'ene  Sf  the  lung. 

139.  ACTION  OF  THE  ATMOSPHERIC  PRESSTTRE.-At  the  normal 
pressure  of  the  atmosphere  (height  of  the  barometer,  760  millimetres  Hg),  pressure  is 
exerted  upon  the  entire  surface  of  the  body  =  15,000  to  20,000  kilos.,  according  to 
the  extent  of  the  superficial  area.    This  pressure  acts  equally  on  all  sides  upon  the 
body  and  also  occurs  m  all  internal  cavities  containing  air,  both  those  that  are  con- 
stantly filled  with  air  (the  respiratory  passages  and  the  spaces  in  the  superior  maxil- 
lary, Irontal,  and  ethmoid  bones),  and  those  that  are  temporarily  in  direct  communi- 
sm /I,  \  f  digestive  tract  and  tympanum).    As  the  fluids  of  the 
Doay  (blood,  lymph,  secretions,  parenchymatous  juices)  are  practically  incompres- 
frnr^'i     -  ^  ^""^              "°^^ianged  under  the  pressure  ;  but  they  absorb  gases 
thp^nS'  T  ^?"^«P°f  ding  to  the  prevailing  pressure  {i.e.,  the  partial  pressure  of 
the  individual  gases),  and  according  to  their  temperature  (S  33).    The  solids 
consist  of  elementary  parts  (cells  and  fibres),  each  of  which  presents  only  a  micro- 
scopic surface  to  the  pressure,  so  that  for  each   cell  the  prevailing  pressure 
whiph  tl.     ""^^A^'P  be  calculated  at  a  few  millimetres-a  pressure  under 
^vhicii  the  most  delicate  histological  tissues  undergo  development.    As  an  example 
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of  the  action  of  the  pressure  of  the  atmospheric  pressure  upon  large  masses,  take 
that  brought  about  by  the  adhesion  of  the  smooth,  sticky,  moist,  articular  surfaces 
of  the  shoulder  and  hip  joints  ;  the  arm  and  the  leg  are  supported  without  the 
action  of  muscles.  The  thigh-bone  remains  in  its  socket  after  section  of  all  the 
muscles  and  its  capsule.  Even  when  the  cotyloid  cavity  is  perforated,  the  head  of 
the  femur  does  not  fall  out  of  its  socket.  The  ordinary  barometric  variations  affect 
the  respiration — a  rise  of  the  barometric  pressure  excites,  while  a  fall  diminishes, 
the  respirations.    The  absolute  amount  of  CO.,  remains  the  same  (§  127,  8). 

Great  diminution  of  the  atmosplieric  pressure,  such  as  occurs  in  ballooning  (highest  ascent, 
8600  metres),  or  in  ascending  mountains,  causes  a  series  of  characteristic  phenomena: — (1)  In 
consequence  of  the  diminution  of  the  pressure  upon  the  parts  directly  in  contact  with  the  air, 
they  become  greatly  congested,  lience  there  is  redness  and  swelling  of  the  skin  and  free  mucous 
membranes  ;  there  may  be  hsemorrhage  from  the  nose,  lungs,  gums  ;  turgidity  of  the  cutaneous 
veins  ;  copious  secretion  of  sweat ;  great  secretion  of  mucus.  (2)  A  feeling  of  weight  in  the 
limbs,  a  pressing  outwards  of  the  tympanic  membrane  (until  the  tension  is  equilibrated  by 
opening  the  Eustachian  tube),  and  as  a  consequence  noises  in  the  ears  and  difficulty  of  hearing. 
(3)  In  consequence  of  the  diminished  tension  of  the  0  in  the  air  (§  129),  there  is  difficulty  of 
breathing,  pain  in  the  chest,  whereby  the  respirations  (and  pulse)  become  more  rapid,  deeper, 
and  irregular.  "When  the  atmospheric  pressure  is  diminished  J- J,  the  amount  of  0  in  the  blood 
is  diminished,  the  CO,  is  imperfectly  removed  from  the  blood,  and  in  consequence  there  is 
diminished  oxidation  within  the  body.  When  the  atmospheric  pressure  is  diminished  to  one- 
lialf,  the  amount  of  COg  in  arterial  blood  is  lessened  ;  and  the  amount  of  N  diminishes  pro- 
portionally with  the  decrease  of  the  atmospheric  pressure.  The  diminished  tension  of  the  air 
prevents  the  vibrations  of  the  vocal  cords  from  occurring  so  forcibly,  and  hence  the  voice  is  feeble. 
(5)  In  consequence  of  the  amount  of  blood  in  the  skin,  the  internal  organs  are  relatively  anaemic ; 
hence,  there  is  diminished  secretion  of  urine,  muscular  weakness,  disturbances  of  digestion, 
dulness  of  the  senses,  and  it  may  be  unconsciousness,  and  all  these  phenomena  are  intensified  by 
the  conditions  mentioned  under  (3).  Some  of  these  phenomena  are  modified  by  usage.  The 
highest  limit  at  which  a  man  may  still  retain  his  senses  is  placed  by  Tissandier  at  an  elevation 
of  8;000  metres  (280  mm.  Hg).  In  dogs  the  blood-pressure  falls,  and  the  pulse  becomes  small 
and  diminished  in  frequency,  when  the  atmospheric  pressure  falls  to  200  mm.  Hg. 

Those  who  live  upon  high  mountains  suffer  from  a  disease  "  mal  de  montagne,"  which  consists 
essentially  in  the  above  symptoms,  although  it  is  sometimes  complicated  with  an.'emia  of  the 
internal  organs.  Al.  v.  Humboldt  found  that  in  those  who  lived  on  tlie  Andes  the  thorax  was 
capacious.  At  6000  to  8000  feet  above  sea-level,  water  contains  only  one-third  of  the  absorbed 
gases,  so  that  fishes  cannot  live  in  it.  Animals  may  be  subjected  to  a  further  diminution  of  the 
atmospheric  pressure  by  being  placed  under  the  receiver  of  an  air-pump.  Birds  die  when  the 
pressure  is  reduced  to  120  mm.  Hg ;  mammals  at  40  mm.  Hg ;  frogs  endure  repeated  evacua- 
tions of  the  receiver,  whereby  they  are  much  distended,  owing  to  the  escape  of  gases  and  water, 
but  after  the  entrance  of  air  they  become  greatly  compressed.  The  cause  of  death  in  mammals 
is  ascribed  by  Hoppe-Seyler  to  the  evolution  of  bubbles  of  gas  in  the  blood  ;  these  bubbles  stop 
up  the  capillaries,  and  the  circulation  is  arrested.  Local  diminution  of  tlie  atmospheric  pressure 
causes  marked  congestion  and  swelling  of  the  part,  as  occurs  when  a  cupping-glass  is  used. 

Great  increase  of  the  atmospheric  pressure  causes  phenomena,  for  the  most  part,  the  reverse 
of  the  foregoing,  as  in  pneumatic  cabinets  and  in  diving-bells,  w-here  men  may  work  even  under 
4^  atmospheres  pressure.  (1)  Paleness  and  dryness  of  the  external  surfaces,  collapse  of  the 
cutaneous  veins,  diminution  of  perspiration,  and  mucous  secretions.  (2)  The  tympanic  mem- 
brane is  pressed  inwards  (until  the  air  escapes  through  the  Eustachian  tube,  after  causing  a 
sharp  sound),  acute  sounds  are  heard,  pain  in  the  ears,  and  difficulty  of  hearing.  (3)  A  feeling 
of  lightness  and  freshness  during  respiration,  the  respiration  becomes  slower  (by  2-4  per  minute), 
inspiration  easier  and  shorter,  expiration  lengthened,  the  pause  distinct.  The  capacity  of  the 
lungs  increases,  owing  to  the  freer  movement  of  the  diaphragm,  in  consequence  of  the  diminu- 
tion of  the  intestinal  gases.  Owing  to  the  more  rapid  oxidations  in  the  body,  muscular  move- 
ment is  easier  and  more  active.  The  0  absorbed  and  the  C0„  excreted  are  increased.  The 
venous  blood  is  reddened.  (4)  Difficulty  of  speaking,  alteration  of  the  tone  of  the  voice, 
inability  to  whistle.  (5)  Increase  of  the  urinary  secretion,  more  muscular  energy,  more  rapid 
metabolism,  increased  appetite,  subjective  feeling  of  warmth,  pulse  beats  slower,  and  pulse-curve 
is  lower  (compare  §  74).  In  animals  subjected  to  excessively  high  atmospheric  pressure,  P.  Bert 
found  that  the  arterial  blood  contained  30  vols,  per  cent.  0  (at  760  mm.  Hg) ;  wdien  the 
amount  rose  to  35  vol.  per  cent.,  death  occurred  with  convulsions.  Compressed  air  has  been 
used  for  therapeutical  purposes,  but  in  doing  so  a  too  rapid  increase  of  the  pressure  is  to  be 
avoided.  Waldenburg  has  constructed  such  an  apparatus,  which  may  be  used  for  the  respira- 
tion of  air  under  a  greater  or  less  pressure.  ., 
Frogs,  when  placed  in  compressed  0  (at  14  atmospheres),  exhibit  the  same  plicnomena  as  ii 
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they  were  in  a  vacuum,  or  pure  N.  There  is  paralysis  of  the  central  nervous  system,  sometimes 
preceded  by  convulsions.  The  heart  ceases  to  beat  (not  the  lymph  hearts),  while  the  excitability 
of  the  motor  nerves  is  lost  at  the  same  time,  and  lastly  the  direct  muscular  excitability  disappears. 
An  excised  frog's  heart  placed  in  0  under  a  very  high  pressure  (13  atmospheres),  scarcely  beats 
one-fourth  of  the  time  during  which  it  pulsates  in  air.  If  the  heart  be  exposed  to  the  air 
again,  it  begins  to  beat,  so  that  compressed  0  renders  the  vitality  of  the  heart  latent  before 
abolishing  it. 

Phosphorus  retains  its  luminosity  under  a  high  pressure  in  0,  but  this  is  not  the  case  with 
the  luminous  organisms,  e.g.,  Lampyris,  and  luminous  bacteria.  High  atmospheric  pressure  is 
also  injurious  to  plants. 

140.  COMPARATIVE  AND  HISTORICAL. -Mammals  have  lungs  similar  to  those  of  man. 
The  lungs  of  birds  are  spongy,  and  united  to  the  chest-wall,  while  there  are  openings  on  their 
sui-face  communicating  witTi  thin-walled  "  air-sacs, "  which  are  placed  amongst  the  viscera. 
The  air-sacs  communicate  with  cavities  in  the  bones,  which  give  the  latter  great  lightness.  The 
diaphragm  is  absent.  In  reptiles  the  lungs  are  divided  into  greater  and  smaller  compartments  • 
in  snakes  one  lung  is  abortive,  while  the  other  has  the  elongated  form  of  the  body.  The  amphi- 
bians (frog)  possess  two  simple  lungs,  each  of  which  represents  an  enormous  infundibulum  with 
its  alveoli.  The  frog  pumps  air  into  its  lungs  by  the  contraction  of  its  throat,  the  nostrils 
being  closed  and  the  glottis  opened.  When  young— until  theii-  metamorphosis— fi-of's  breathe 
like  fishes  by  means  of  gills.  The  perennibranchiate  amphibians  (Proteus)  retain  their  gills 
throughout  life.  Amongst  fishes,  which  breathe  by  gills  and  use  the  0  absorbed  by  the  water 
the  Dipnoi  have  in  addition  to  gills  a  swim-bladder  provided  with  afferent  and  efferent  vessels' 
which  is  comparable  to  the  lung.  The  Cobitis  respires  also  with  its  intestine.  Insects  and 
centipedes  respire  by  "  trachea},"  which  are  branched  canals  distributed  throughout  the  body  • 
they  open  on  the  surface  of  the  body  by  openings  (stigmata)  which  can  be  closed  Spiders 
respire  by  means  of  ti-achese  and  tracheal  sacs,  crabs  h\  gills.  The  molluscs  and  cephalopods 
have  gills  ;  some  gasteropods  have  giUs  and  others  lungs.  Amongst  the  lower  invertebrata  some 
breathe  by  gills,  others  by  means  of  a  special  "  water-vasisular  system,"  and  others  again  bv  no 
special  organs.  " 

Historical.— Aristotle  (384  B.C.)  regarded  the  object  of  respiration  to  be  the  cooling  of  the 
body  so  as  to  moderate  the  internal  warmth.  He  observed  correctly  that  the  warmest  animals 
n  of  ono™°'*  ^1**      interpreting  the  fact  he  reversed  the  cause  and  effect.  Galen 

(131-203  A. D.)  thought  that  the  "soot"  was  removed  from  the  body  along  with  the  expired 
water.  Ihe  most  important  experiments  on  the  mechanics  of  respiration  date  from  Galen  •  he 
observed  that  the  lungs  passively  follow  the  movements  of  the  chest ;  that  the  diaphragm  is  the 
most  important  muscle  of  inspiration  ;  that  the  external  intercostals  are  ijispiratorv  :  and  the 
internal,  expiratory.  He  divided  the  intercostal  nerves  and  muscles,  and  observed  that  loss  of 
voice  occurred.  On  dividing  the  spinal  cord  higher  and  higher,  he  found  that  as  he  did  so  the 
muscles  ot  the  thorax  lying  higher  up  became  paralysed.  Oribasius  (360  a.d.)  observed  that  in 
double  pneumothorax  both  lungs  collapsed.  Vesalius  (1540)  first  described  artificial  respiration 
as  a  means  of  restoring  the  beat  of  the  heart.  Malpighi  (1661)  described  the  structure  of  the 
lungs.  J.  A.  Borelh  (f  1679)  gave  the  first  fundamental  description  of  the  mechanism  of  the 
rlfiZrv^  f  fr"-""!-'--.  cJiemical  processes  of  respiration  could  only  be  known  after  the 
r W^h  Tlkpt  mJ7?r  ''''^  !l  ^Jn'^'^  concerned.^  Van  Helmont  (+  1644)  detected  CO,. 
1777prwtv^]-  discovered  that  CO^  or  "fixed  air,"  is  given  out  during  expiration.]  In 
1/74  Piiestley  discovered  0.    Lavoisier  detected  N  (1775),  and  ascertained  the  composition  of 

SXSn  wl^hin^h  ''^^f^^  *V  ^'''^-f''''  °^  ^'^^  °f  the  breath  as  a  Lsult  of  a 
tio^of  Xn  I  Vnl^^^  lungs  themselves  J.  Ingen-Houss  (1730-1799)  discovered  the  respira- 
S  others  fhat  If^O  ^  o«^ers  proved  the  existence  of  C0„  in  venous  blood,  and  Hofl'mann 
and  others  that  of  0  m  arterial  blood.    The  more  complete  conception  of  the  exchange  of 

^l%Zl}Z:r(h  3°6).'  '  ''''  ""'^"'^  ''  ^'^'''^ 
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141.  THE  MOUTH  AND  ITS  GLANDS.  —The  mucous  membrane  of  the  cavity  of  the  mouth, 
which  becomes  continuous  with  the  skin  at  the  red  margin  of  the  lips,  has  a  number  of  seba- 
ceous glands  in  the  region  of  the  red  part  of  the  lip.  The  buccal  mucous  membrane  consists 
of  bundles  of  fine  fibrous  tissue  mixed  with  elastic  fibres,  which  traverse  it  in  every  direction. 
Papillse— simple  or  compound— occur  near  the  free  surfaces.  The  sub-mucous  tissue,  which 
is  directly  continuous  with  the  fibrous  tissue  of  the  mucous  membrane  itself,  is  thickest  where 
the  mucous  membrane  is  thickest,  and  densest  where  it  is  firmly  fixed  to  the  periosteum  of  the 

bone  and  to  the  gum  ;  it  is  thinnest  where  the  mucous  membrane  is 
most  movable,  and  where  there  are  most  folds.    The  cavity  of  the 
mouth  is  lined  by  stratified  squamous  epithelium  (fig.  150),  which 
is  thickest,  as  a  rule,  where  the  longest  papilla;  occur. 
— ,      All  the  glands  of  the  mouth,  including  the  salivary  glands, 
\©S  ^^^y      divided  into  different  classes  according  to  the  nature 
'         of  their  secretions. 

1.  The  serous  or  alhuminous  glands  [true  salivary], 
whose  secretion  contains  a  certain  amount  of  albumin,  e.g., 
the  human  parotid. 

2.  The  mucous  glands,  whose  secretion,  in  addition  to 
some  albumin  contains  the  characteristic  constituent  mucin. 

Fie,.  150.  3.  The  mixed  [or  muco-salivary]  glands,  some  of  the 

Cells  of  stratified  squamous  acini  secreting  an  albuminous  fluid  and  others  mucin,  e.g.,  the 
epitheliumdetachedfrom  human  maxillary  gland. 

the  mouth,  s,  salivary  jj-^jnerous  mucous  glands  (labial,  buccal,  palatine,  lingual,  molar) 
corpuscles.  ^^^^^        appearance  of  small  macroscopic  bodies  lying  in  the  sub- 

mucosa  They  are  branched  tubular  glands,  and  the  contents  of  their  secretory  cells  consist 
partly  of  mucin,  which  is  expeUed  from  them  during  secretion.  The  excretory  ducts  of  these 
irlands  which  are  lined  by  cylindrical  epithelium,  are  constricted  where  they  enter  the  mouth, 
Not  unfrequently  one  duct  receives  the  secretion  of  a  neighbouring  gland. 

The  glands  of  the  tongue  form  two  groups,  which  difi-er  morphologically  and  physiologicaUy. 
(1)  The  mucous  glands  (Weber's  glands),  occurring  chiefly  near  the  root  of  the  tongue  are 
branched  tubular  glands  lined  with  clear  transparent  secretory  cells  whose  nuclei  are  placed 
near  the  attached  end  of  the  cells.  The  acini  have  a  distinct  menibrana  propria.  (2)  The 
serous  glands  {Ebner's)  are  acinous  glands  occurring  in  the  region  of  the  circumvallate  papi  te 
(and  in  animals  near  the  papillee  foliatiB).  They  are  lined  with  turbid  granular  epithelium  with 
a  central  nucleus,  and  secrete  saliva.  (3)  The  glands  of  Blandin  and  Nuhn  are  placed  near  the 
tip  of  the  tongue,  and  consist  of  mucous  and  serous  acim,  so  that  they  are  mixed  glands 

^■^ThTwoSl-vessels  are  moderately  abundant,  and  the  larger  trunks  lie  in  the  sub-mucosa, 
whilst  the  finer  twigs  penetrate  into  the  papilte,  where  they  form  either  a  capillary  network  or 

''Thl^al•g«■  lymphatics  lie  in  the  sub-mucosa,  whilst  the  finer  branches  form  a  fine  network 
placed  in  the  mucosa.    The  lymph-foUicles  also  belong  to  the  lymphatic  system  (§  19/  .  On 
the  dorsum  of  the  posterior  part  of  the  tongue  they  form  an  almost  <=-?»t~ ^"J^; ^ 
round  or  oval  (l-l'S  mm.  in  diameter),  lying  in  the  sub-mucosa,  and  consist  of  adenoid  tissue 
loaTd'Xlyinph-corpuscles.    The  outer  part  of  the  adenoid  reticulum  is  compressed  so  as  to 
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form  a  kind  of  capsule  for  each  follicle.  Similar  follicles  occur  in  the  intestine  as  solitary 
follicles  ;  in  the  small  intestine  they  are  collected  together  into  Peyer's  patches,  and  in  tlie 
•spleen  they  occur  as  Malpighian  corpuscles.  Ou  the  dorsum  of  the  tongue  several  of  these 
follicles  form  a  slightly  oval  elevation,  which  is  surrounded  by  connective-tissue.  In  the 
■centre  of  this  elevation  there  is  a  depression, 
into  which  a  mucous  gland  opens,  which  fills 
the  small  crater  with  mucus  (fig.  151). 

The  tonsils  have  fundamentally  the  same 
structure.  On  their  sm-face  are  a  number  of 
depressions  into  which  the  ducts  of  small 
mucous  glands  open.  These  depressions  are 
surrounded  by  groups  (10-20)  of  lymph- 
follicles,  and  the  whole  is  environed  by  a 
capsule  of  connective-tissue  (fig.  152).  Large 
lymph-spaces,  communicating  with  lym- 
phatics, occur  in  the  neighbourhood  of  the 
tonsils,  but  as  yet  a  direct  connection  between 
the  spaces  in  the  follicles  and  the  lymph- 
vessels  has  not  been  proved  to  exist.  Similar 
structures  occur  in  the  tubal  and  pharyngeal 
tonsils.  [Stohr  asserts  that  an  enormous  num- 
ber of  leucocytes  wander  out  of  the  tonsils, 
solitary  and  Peyer's  glands,  and  the  adenoid 
tissue  of  the  bronchial  mucous  membrane. 
The  cells  pass  out  between  the  epithelial  cells, 
but  do  not  pass  into  the  interior  of  the  latter.  ] 

Nerves. — Numerous  medullatecl  nerve-fibres  occur 
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gland. 


Mucous 
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Tig.  151. 

Section  of  a  mucous  follicle  from  the  tongue. 


'jI  •    r  ,..^^...u^o^,^_      vo-iiuica  ui;uur  in  the  sub-mucosa,  pass  into  the  mucosa, 

and  terminate  partly  m  the  individual  papiUffl  m  Krause's  end-bulbs,  which  are  most  abundant 
in  the  hps  and  soft  palate,  and  not  so  numerous  in  the  cheeks  and  floor  of  the  mouth  The 
nerves  administer  not  only  to  common  sensation,  but  they  are  also  the  organs  of  transmissions 
lor  tactile  (heat  and  pressure)  ^^wi^o 
impressions.  It  is  highly 
probable,  however,  that  some 
nerve-fibres  end  in  fine  ter- 
minal fibrils,  between  the 
epithelial  cells,  as  in  the 
cornea  and  elsewhere. 

[Secretory  glands  may  be 
simple  (fig.  153,  B,  C,  D)  or 
•compound  (E).  In  the  latter 
case  the  duct  is  branched. 
In  the  process  of  develop- 
ment, a  solid  process  of  the 
epithelium  sinks  into  the 
subjacent  fibrous  tissue,  and, 
to  form  a  simple  gland,  a 
cavity  appears  in  this  bud, 
but  for  a  compound  gland, 
other  epithelial  buds  sprout  //• 
from  its  blind  end.  Each 
bud  acquires  a  central  cavity, 
these  elongate  and  increase 
in  number,  thus  forming  a 
much  branched  system,  the 


Epithelium, 


terminal  blind  ends  forming        .  ^ig-  152. 

the  acini,  alveoU  or  true  ^ei'tical  section  of  a  human  tonsil,  x  20.  1,  cavity  :  2,  epithelium 
secretory  part.  If  the  alveoli  infiltrated  with  leucocytes  below  and  on  the  left,  but  free  on  the 
are  tubular  m  shape,  the  5  3,  adenoid  tissue  with  sections  a,  h,  c,  of  masses  of  it : 

gland  IS  caUed  a  compound        fibrous  sheath  ;  5,  section  of  a  gland-duct ;  d,  blood-vessel. 

SYnteLrl^dands^' ?lT.P°"^?  S^'^'^f  P^^*^  ^^''^^t'^^T.  ^'^d  others  act  as  ducts, 
•of  the  bodv  ar?  of  Shfc       P^rts  may  be  secretory.   All  the  glands  opening  on  the  sm-face 

meSrane  and  outsMP  hi,    "'ir^  '"'''^^'^         ^'^^"g  ^^'^  '^""^  r-^^t^on  a  basement 

lemorane,  and  outside  this  are  the  lymph-spaces  and  capillary  blood-vessels.] 

lingJS*  and  paroJf        GLANDS    The  three  pairs  of  salivary  glands,  sub-maxillary,  sub- 

in  t?e  more  ofleL  flasl  shn3°!,?'^  *r^"^''  ^^^"""h  Y'^'        ^'  '^^'^^  "  '"'^^^  ^"^t,  terminating 
more  or  less  flask-shaped  alveoli  or  acini.  [Each  gland  consists  of  a  number  of  lobes,  and 
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each  lobe  in  turn  of  a  numl)er  of  lobules,  which,  again,. are  composed  of  acini.  All  these  are  held 
together  by  a  framework  ol'  couuectivo-tissue.  The  larger  branches  of  tlie  duct  lie  between  the 
lobules,  luul  constitute  the  interlobular  ducts,  giving  branches  to  each  lobule  which  they  enter, 

—         constituting   the    intralobular  ducts, 


which  branch  and  finally  tenninate  in 
connection  with  the  alveoli,  by  means 
of  an  intei-mediary  or  intercalary  part. 
The  larger  interlobar  and  interlobular 
ducts  consist  of  a  menibrana,  propria, 
strengthened  outside  with  fibrous  and 
elastic  tissue,  and  in  some  places  also  l)y 
non-striped  muscle,  while  the  ducts  are 
lined  by  columnar  epithelial  cells.  lu 
the  largest  branches,  there  is  a  second 
row  of  smaller  cells,  lying  between  the 
large  cells  and  the  membrana  propria. 


Fig.  153.  Fig.  154. 

Fig.  153.— Evolution  of  glands.   A,  schema  of  skin ;  ej},  epidermis ;  d,  cutis  with  a  capillaiy  c ; 

B,  simple  gland  with  its  blood-vessels  ;  C,  D,  more  complex  glands  ;  E,  compound  gland, 

blood-vessels  omitted. 
Fig.  154.— Rodded  epithelium  lining  the  duct  of  a  salivary  gland. 


Fig.  155. 

A,  duct  and  acini  of  the  parbtid  gland  of  a  dog  ;  B,  acini  of  the  sub-maxillary  gland  of  a  dog  ; 
c,  refractive  mucous  cells  ;  d,  granular  half-moons  of  Gianuzzi  ;  C,  similar  alveoli  after 
prolonged  secretion  ;  D,  basket-shaped  tissue-investment  of  an  acinus  ;  F,  entrance  ot  a 
non-meduUated  nerve-fibre  into  a  secretory  cell. 

The  intralobular  ducts  are  lined  by  a  single  layer  of  large  cylindrical  epithelium  with  the 
nucleus  about  the  middle  of  the  cell,  while  the  outer  half  of  the  cell  is  finely  striated  longitud- 
inally, or  "rodded,"  which  is  due  to  fibrilhe  (iig.  154);  the  inner  half  next  the  lu'"en  i* 
f'ranuiar  The  intermediary  part  is  narrow,  and  is  lined  by  a  single  layer  of  flattened  cells, 
each  with  an  elongated  oval  nucleus.  There  is  usually  a  narrow  ''"«<=k,  w-^iere  he  n^^^^^^ 
lobular  duct  becomes  continuous  with  the  intermediary  part,  and  here  the  cells  aie  POO^edral-  J 
The  acini,  or  alveoU,  are  the  parts  where  the  actual  process  of  secretion  takes  place,  iney 
vary  somewhat  in  shape-some  arc  tubular,  others  branched,  some  are  dilated  and  resemble  a 
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Floreuce  flask,  and  several  of  them  usually  oiDen  into  one  intermediary  part  of  a  duct.  Each 
alveolus  is  bounded  by  a  basement  membrane,  with  a  reticulate  structure  made  up  of  nucleated 
branched,  and  anastomosing  cells  so  as  to  resemble  a  basket  (D).  There  is  a  homogeneous 
membrane  bounding  the  alveoli  in  addition  to  this  basket-shaped  structure.  Immediately  out- 
side this  membrane  is  a  lymph-space,  and  outside  this  again  the  network  of  capillaries  is 
distributed.  [The  extent  to  which  this  lymph-space  is  tilled  with  lymph  determines  the 
distance  of  the  capillaries  from  the  membraua  propria.  The  interalveolar  lymph-spaces  com- 
municate with  large  lymph-spaces  between  the  lobules,  which  in  turn  communicate  witli 
perivascular  lymphatics  around  the  arteries  and  veins.]  The  lymphatics  emerge  from  the  fland 
at  the  hilum.  " 

The  secretory  cells  vary  in  structure,  according  as  the  salivary  gland  is  a  mucous 
[sub-maxillary  and  sub-lingual  of  the  dog  and  cat],  a  serous  [parotid  of  man  and 
mammals,  and  sub-maxillary  of  rabbit],  or  a  mixed  gland  [human  sub-maxillary 
and  sub-lingual]. 

Mucous  Acini.— The  secretory  cells  of  mucous  glands,  and  the  mucoiis  acini  of  mixed  glands 
(fig.  156),  are  lined  by  a  single  layer  of  "  mucin  ceUs  "  (fig.  155,  B,  c),  which  are  lart^e  cells  dis- 
tended with  mucin,  or  with  a  hypothetical 
substance,  mucigen,  which  yields  mucin.  The 
mucin  cells  are  more  or  less  spheroidal  in 
shape,  clear,  shining,  highly  refractive,  and 
nearly  fill  the  acinus.    The  flattened  nncleu 
is  near  the  wall  of  the  acinus.   Each  cell  has  a 
fine  process  which  overlaps  the  fixed  parts  of 
the  cells  next  to  it.    Owing  to  the  body  of 
each  cell  being  infiltrated  with  mucin,  these 
cells  do  not  stain  with  carmine,  although  the 
nucleus  and  its  immediately  investing  proto- 
plasm do.    Another  kind  of  cell  occurs  in  the 
sub-maxillary  gland  of  the  dog.    It  forms  a 
half-moon-shaped  structure  lying  in  direct 
contact  with  the  wall  of  the  acinus  (Giamiszi) 
Each  "half-moon"  or  "crescent"  consists 
of  a  number  of  small,  closely  packed,  angu- 
lar, highly  albuminous  cells  with  small  oval 
nuclei,  which,  however,  are  separated  only 
with  difficulty.  Hence,  Heidenhain  has  called 
them  "composite  marginal  ceUs "  (B,  d) 
They  are  granular,  darker,  devoid  of  mucin 
and  stain  readily  with  pigments.    [In  the 
sub-maxillary  gland  of  the  cat,  there  is  a 
complete  layer  of  these  ' '  marginal  "  carmine- 

stammg  cells  lying  between  the  mucous  cells  •'■^'S- 
and  the  membrana  propria.]  Section  of  a  human  sub-maxillary  gland.  On 

[Serous  Acini.— In  true    serous  glands  left  is  a  group  of  serous  alveoli,  and  on  the 

(parotid  of  man  and  mammals)  and  in  the     "g^i*  ^  group  of  mucous  alveoli 

diti.n  spreads  toCds  the  innt!4I^"ftL  cer^^  transparent,  and  this  con- 

mic'ou?aXtt""sr;nf&^^^^^  °f  the  alveoli  are 

the  one  kind  of  acinus  is  ^ir.ctiy  S^:^ ^^^3^:^^^  -™-'ous,  and 

SALIVARY^S?^^f^^T,^^^.^^^  ^^^^^^  activity  OF  THE 

Wh  n  the  Z^^^     at  rL  I-^'T'  '^"S^"^^'  ^«  absolute  alcohol. 

carmL    thVctll   conS  stained  with 

e,  tne  cells  consist  of  a  pale,  almost  uncoloured  substance,  with  a  few  line 
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granules,  and  a  small,  irregular,  red-stained,  shrivelled  nucleus  devoid  of  a  nucleolus. 
The  appearance  of  the  nucleus  suggests  the  idea  of  its  being  shrivelled  by  the 
action  of  the  hardening  reagent  (fig.  157.] 

[During  activity,  if  the  gland  be  caused  to  secrete  by  stimulating  the  sympa- 
thetic, all  parts  of  the  cells  undergo  a  change  (figs.  157,  158).  In  preparations 
hardened  in  alcohol — (1)  the  cells  diminish  somewhat  in  size;  (2)  the  nuclei 
are  no  longer  irregular,  but  round,  with  a  sharp  contour  and  nucleoli;  (3)  the  sub- 
stance of  the  cell  itself  is  turbid  owing  to  the  diminution  of  the  clear  substance, 
and  the  increase  of  the  granules,  especially  near  the  nuclei ;  (4)  at  the  same  time, 
the  whole  cell  stains  more  deeply  with  carmine  (Jleidenhain).] 

[On  studying  the  changes  which  occur  in  a  living  serous  gland,  Langley  found 
that  the  substance  of  the  cells  of  the  parotid  is  pervaded  by  fine  granules,  which 


Sections  of  a  "  serous 


157.  Fig.  158. 

gland.  The  parotid  of  a  rabbit,  fig.  157,  at  rest ;  fig.  158,  after 
stimulation  of  the  cervical  sympathetic. 

are  so  numerous  as  to  obscure  the  nucleus,  while  the  outlines  of  the  cells  are  indis- 
tinct. No  lumen  is  visible  in  the  acini  during  activity,  the  granules  disappear 
from  the  outer  zone  of  the  cells,  the  cells  themselves  becoming  smaller  and  more 
distinct.  After  prolonged  secretion,  the  granules  largely  disappear  froin  the  cell- 
substance  except  quite  near  the  inner  margin.  The  cells  are  smaller,  their  outlines 
more  distinct,  their  spherical  nuclei  apparent,  and  the  lumen  of  the  acini  is  wide 
and  distinct.  Thus,  it  is  evident  that,  during  rest,  granules  are  manufactured, 
which  disappear  during  the  activity  of  the  cells,  the  disappearance  taking  place 
from  without  inwards.    Similar  changes  occur  in  the  cells  of  the  pancreas.] 

[More  complex  changes  occur  in  the  mucous  glands,  such  as  the  sub-maxillary 
or  orbital  glands  of  the  dog  {Lavclovskj/).  The  appearances  vary  according  to  the 
intensity  and  duration  of  tht  secretory  activity.  The  mucous  cells  at  rest  are  large, 
clear,  and  refractive,  containing  a  flattened  nucleus  (fig.  155,  C),  surrounded  with  a 
small  amount  of  protoplasm,  and  placed  near  the  basement  membrane.  The  clear 
substance  does  not  stain  with  carmine,  and  consists  of  mucigen  lying  in  the  wide 
spaces  of  an  intracellular  plexus  of  fibrils.  After  prolonged  secretion,  produced, 
it  may  be,  by  strong  and  continued  stimulation  of  the  chorda,  the  mucous  cells  of 
the  sub-maxillary  gland  of  the  dog  undergo  a  great  change.]  The  distended,  re- 
fractive, and  "  mucous  cells,"  which  occur  in  the  quiescent  gland,  and  which  do  not 
stain  with  carmine,  do  not  appear  after  the  gland  has  been  in  a  state  of  activity. 
Their  place  is  taken  by  small  dark  protoplasmic  cells  devoid  of  mucin  (fig.  lo5,  C  . 
These  cells  readily  stain  with  carmine,  whilst  their  nucleus  is  scarcely,  if  at  all, 
coloured  by  the  dye.  The  researches  of  R.  Heidenhain  (1868)  have  shed  much 
light  on  the  secretory  activity  of  the  salivary  glands. 

The  change  may  be  produced  in  two  ways.  Either  it  is  due  to  the  "  mucous  cells  "  durnig 
secretion  beaming  broken  up,  so  that  they  yield  their  muciu  directly  to  the  saliva ;  m  sahvarich 
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in  mucin,  small  microscopic  pieces  of  mucin  are  found,  and  sometimes  mucous  cells  themselves 
are  present.  Or,  we  must  assume  that  the  mucous  cells  simfily  eliminate  the  mucin  from  theii- 
bodies  {Eivalcl,  Slohr) ;  while,  alter  a  period  of  rest,  new  mucin  is  formed.  Accordinj;  to  tliis 
view,  the  dark  granular  cells  of  the  glands,  after  active  secretion,  are  simply  mucous  cells,  which 
have  given  out  tlioir  mucin.  If  we  assume,  witli  Ueideuhaiii,  that  the  mucous  cells  break  up,  then 
these  granular  non-mucous  cells  must  be  regarded  as  new  formations  produced  by  the  prolifera- 
tion and  growth  of  the  composite  marginal  cells,  i.e.,  the  crescents,  or  half-moons  of  Gianuzzi. 

[During  rest,  the  protoplasm  seems  to  manufacture  mucigen,  which  is  changed 
into  and  discharged  as  mucin  in  the  secretion,  when  the  gland  is  actively  secreting. 
Thus,  the  cells  become  smaller,  but  the  protoplasm  of  the  cell  seems  to  incre9,se, 
new  mucigen  is  manufactured  during  rest,  and  the  cycle  is  repeated.] 

144.  THE  NERVES  OF  THE  SALIVARY  GLANDS.— The  nerves  are  for  the 
most  part  medullated,  and  enter  at  the  hilum  of  the  gland,  where  they  form  a 
rich  plexus  provided  with  ganglia  between  the  lobules.  [There  are  no  ganglia  in 
the  parotid  gland  {Klein). '\ 

All  the  saUvary  glands  are  supplied  by  branches  from  two  different  nerves — from 
the  sympathetic  and  from  a  cranial  nerve. 

1.  The  sympathetic  nerve  gives  branches  (a)  to  the  sub-maxillary  and  the  sub- 
lingual glands,  derived  from  the  plexus  on  the  external  maxillary  artery ;  (b)  to  the 
parotid  gland  from  the  carotid  plexus  (fig.  159). 


Fig.  159. 

^'^Tl°if      ''A'"''!  t  ^''t  T}'''^'^  ;  M-O-'  ^e-^^i^ll^  oblongata  ;  J.K,  nerve  of 

Jacobson;  O  b.M.,  I.M.,  ophthalmic,  superior,  and  inferior  maxillary  divisions  of  iifth 
nerve,  V.;  VII    seventh  nerve;  S.s.p.,  small  superficial  petrosal  nerve;  Vag.,  vagus: 

..flluT^^  '  ?v^-'  ^''^^  submaxillary  ganglia  ;  P.,  S.,  and  S.L.,  parotid 
submaxillary,  and  sublingual  glands  ;  T.,  tongue.       -"^    »     '     '     '  'i  > 

fi,  u^l  ^^^^^^  S^^®^  branches  to  the  sub-maxillary  and  sub-lingual  glands  from 
the  chorda  tympani,  which  accompanies  the  lingual  branch  of  the  fifth  nerve  (fig.  159). 
ihe  branches  to  the  parotid  arise  from  the  tympanic  branch  of  the  glosso-pharyngeal 
nerve  (dog).  _  The  tympanic  plexus  sends  fibres  to  the  small  superficial  petrosal 
nerve,  and  with  it  these  fibres  run  to  the  anterior  surface  of  the  pyramid  in  the 
temporal  bone  emerging  from  the  skull  through  a  fissure  between  the  petrous  and 
great  wing  o.  the  sphenoid,  and  then  joining  the  otic  ganglion.  This  ganglion 
sends  branches  to  the  auriculo-temporal  nerve  (itself  derived  from  the  third  branch 
or  the  trigeminus),  which,  as  it  passes  upwards  to  the  temporal  region  under  cover 

Pai"otid,  gives  branches  to  this  gland.  •  °  , 

lin.7ml'^?n"T^'^^''^^  ganglion,  which  gives  branches  to  the  sub-maxillary  and  sub- 
as  wl  ?1  '  tympanico-Iingual  nerve  (chorda  tympani) 
TeliLS  .  !f  5^'^  ^'^'^''^  "'^  "^^^  ^^ternal  maxillary  artery.  ^ 
thete  ne  v^s  w  J^^^^^f  ^J^^es -With  regard  to  the  ultimate  distribution  of 
he  wal  of  thp  iT  f^'^'^T^  vaso-motor  nerves,  which  give  branches  to 
the  walls  of  the  blood-vessels,  and  (2)  the  secretory  nerves  proper. 
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Pfliigcr  states,  witli  regard  to  tlie  latter,  that  (a)  medullated  nerve-fibres  penetrate  the  acini ; 
the  sheath  ol'  Schwann  nnites  with  the  menibrana  propria  of  the  acinus  ;  the  medullated  fibre 
— still  medullated — passes  between  the  secretory  cells,  where  it  divides  and  becomes  non- 
medullatetl,  and  its  axial  cylinder  terminates  in  connection  with  the  nucleus  of  a  secretory  cell. 
[This,  however,  is  not  jiroved]  (lig.  1  .'j.o,  F).  (b)  Acoording  to  Plliiger,  some  of  the  nerve-fibres  end 
in  multipolar  ganglion  cells,  which  lie  outsidi;  the  wall  of  the  acinus,  and  these  cells  send 
branches  to  the  secretory  cells  of  the  acini.  [These  cells  probably  correspond  to  the  branched 
culls  of  the  basket-shaped  structure.]  (c)  Again,  he  describes  medullated  fibres  which  enter  the 
attached  end  of  the  cylindrical  epithelium  lining  the  excretory  ducts  of  the  glands  (E).  Pfiuger 
thinks  that  those  fibres  entering  the  acini  directly  are  cerebral,  while  those  with  ganglia  in  their 
course  are  derived  from  the  sympathetic  system,  [{d)  The  direct  termination  of  nerve-fibres  has 
been  observed  in  the  salivary  glands  of  the  cockroach  by  Kupller.] 

145.  ACTION  OF  THE  NERVOUS  SYSTEM  ON  THE  SECRETION  OF 
SALIVA. — A.  Sut-maxillary  Gland. — Stimulation  of  the  facial  nerve  at  its 
origin  causes  a  profuse  secretion  of  a  thin  watery  saliva,  which  contains  a  very 
small  amount  of  specific  constituents.  Simultaneously  with  the  act  of  secretion,  the 
blood-vessels  of  the  glands  dilate,  and  the  capillaries  are  so  distended  that  the  pulsatile 
movement  in  the  arteries  is  propagated  into  the  veins.  Nearly  four  times  as  much 
blood  flows  out  of  the  veins  {CL  Bernard),  the  blood  being  of  a  bright  red  colour, 
and  containing  one-third  more  O  than  the  venous  blood  of  the  non-stimulated  gland. 
Notwithstanding  this  relatively  high  percentage  of  O,  the  secreting  gland  uses  more 
0  than  the  passive  gland  (§131,  1 ). 

[I.  Stimulation  of  Chorda. ^ — If  a  cannula  be  placed  in  Wharton's  duct,  e.g.,  in 
a  dog,  and  the  chorda  tympani  be  divided,  no  secretion  flows  from  the  cannula. 
On  stimulating  the  jyeri'pheral  end  of  the  chorda  tympani  with  an  interrupted 
current  of  electricity,  the  same  results — copious  secretion  of  saliva  and  vascular 
dilatation,  with  increased  flow  of  blood  through  the  gland — occur  as  when  the 
origin  of  the  seventh  nerve  itself  is  stimulated.  —The  watery  saliva  is  called  chorda 
saliva.] 

Two  functionally  different  kinds  of  nerve-fibres  occur  in  the  facial  nerve — (1) 
true  secretory  fibres,  (2)  vaso-dilator  fibres. 

II.  Stimulation  of  the  sympathetic  nerve  causes  a  scanty  amount  of  a  very 
thick,  sticky,  mucous  secretion,  in  which  the  specific  salivary  constituents,  mucin, 
and  the  salivary  corpuscles  are  very  abundant.  The  specific  gravity  of  the  saliva 
is  raised  from  1007  to  1010.  Simultaneously  the  blood-vessels  become  contracted, 
so  that  the  blood  Hows  more  slowly  from  the  veins,  and  has  a  dark  bluish  colour. 

The  sympathetic  also  contains  tivo  kinds  of  nerve-fibres — (1)  true  secretory 
fibres,  and  (2)  vaso-eonstrictor  fibres. 

[Electrical  Variations  during  Secretion. — That  changes  in  the  electromotive  properties  of 
glands  occur  during  secretion  was  shown  in  the  frog's  skin.  Bayliss  and  Bradford  find  that  the 
same  is  true  of  the  sub-maxillary  gland  (dog).  During  secretion,  the  excitatory  change  on 
stimulating  the  chorda  is  a  positive  variation  of  the  current  of  rest  (the  hilum  of  the  gland 
becoming  more  positive),  but  it  is  frequently  followed  by  a  secofld-phase  of  opposite  sign.  The 
latent  period  is  always  very  short,  about  0-37".  Atropiu  abolishes  the  chorda  variation.  On 
stimulating  the  sympathetic,  the  excitatory  change  is  of  an  opposite  sign  to  that  of  the  chorda, 
and  the  hilum  becomes  less  positive,  so  that  there  is  a  negative  variation.  It  requires  a  more 
powerful  stimulus,  is  less  in  amount,  and  its  latent  period  is  longer  (2"-4"),  while  atropin  lessens 
but  does  not  abolish  it.]  i      j       j  n 

Kelation  to  Stimulus.— On  stimulating  the  cerebral  nerves,  at  first  with  a  weak  and  graduallv 
with  a  stronger  stinmlus,  there  is  a  gradual  development  of  the  secretion  in  which  the  solid 
constituents— occasionally  the  organic— are  increased  {Heidcuhain).  If  a  strong  stimulus  be 
applied  for  a  long  time,  the  secretion  diminishes,  becomes  watery,  and  is  poor  in  specific  con- 
stituents, especially  in  the  organic  elements,  which  are  more  affected  than  the  inorganic  (6. 
Ludioig  and  BecJier).  After  prolonged  stimulation  of  the  sympathetic,  the  secretion  resembles 
the  chorda  saliva.  It  would  seem,  therefore,  that  the  chorda  and  st/mpathctic  saliva  arc  not 
siKcifically  distitict,  but  vary  only  in  dei/ree.  On  continuing  the  stimulation  of  the  nerves  up  to 
a  certain  maximal  limit,  the  rapidity  of  secretion  becomes  greater,  and  the  percentage  ot  salts 
also  increases  to  a  certain  maximum,  and  this  independently  of  the  former  condition  ot  the 
glands  The  percentage  of  organic  constituents  also  depends  on  the  strength  of  the  uen'ous 
stimulation,  but  not  on  this  alone,  as  it  is  essentially  contingent  upon  the  condition  of  the  gland 
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before  the  secretion  took  place,  and  it  also  depends  upon  the  duration  and  intensity  of  the 
previous  secretory  activity.  Very  strong  stimulation  of  the  gland  leaves  an  "after-effect," 
which  predisposes  it  to  give  ofl"  organic  constituents  into  the  secretion  {Heidcnhain).  A  latent 
period  of  1  "2  sec.  to  24  sec.  may  elapse  between  the  nerve-stimulation  ahd  the  beginning  of  the 
secretion. 

[Langley  has  shown  that  in  the  cat  the  sympathetic  saliva  of  the  sub-maxillary  gland  is  less 
viscid  than  tlie  chorda  saliva.] 

Relation  to  Blood-Supply. — The  secretion  of  saliva  is  not  simply  the  result  of  the 
amount  of  blood  in  the  glands;  that  there  is  a  factor  independent  of  the  changes  in 
the  state  of  the  vessels  is  shown  by  the  following  facts  : — 

(1)  The  secretory  activity  of  the  glands  when  their  nerves  are  stimulated  continues  for  some 
time  after  the  blood-vessels  of  the  gland  have  been  ligatured.  [If  the  head  of  a  rabbit  be  cut 
off,  stimulation  of  the  seventh  nerve,  above  where  the  chorda  leaves  it,  causes  a  flow  of  saliva, 
which  cannot  be  accounted  for  on  the  supposition  that  the  saliva  already  present  in  the  salivary 
glands  is  forced  out  of  them.  Thus  we  may  have  secretion  without  a  blood-stream.  The 
saliva  is  really  secreted  from  the  lymph  present  in  the  lymph-spaces  of  the  gland  (Ludivig).] 

(2)  Atropin  and  daturin  abolish  the  activity  of  the  secretory  fibres  in  the  chorda 
tympani,  but  do  not  alfect'the  vaso-dilator  fibres  (Heidenhain).  The  same  results 
occur  after  the  injection  of  acids  and  alkalies  into  the  excretory  duct  {Gianuzzi). 

[Action  of  Atropin. — The  vascular  dilatation  and  the  increased  flow  of  saliva, 
due  to  the  activity  of  the  secretory  cells,  produced  by  stimulation  of  the  chorda 
tympani,  although  they  occur  simultaneously,  do  not  stand  in  the  relation  of  cause 
and  effect.  We  may  cause  vascular  dilatation  without  an  increased  flow  of  saliva, 
as  already  stated  (2).  If  atropin  be  given  to  an  animal,  stimulation  of  the  chorda 
produces  dilatation  of  the  blood-vessels,  but  no  secretion  of  saliva.  Atropin 
paralyses  the  secretory  fibres,  but  not  the  vaso-dilator  fibres  (fig.  160).  The 
increased  supply  of  blood,  while  not  causing,  yet  favours  the  act  of  secretion,  by 
placing  a  larger  amount  of  pabulum  at  the  disposal  of  the  secretory  elements,  the 
cells.] 

(3)  The  pressure  in  the  excretory  duct  of  the  salivary  gland — measured  by 
means  of  a  manometer  tied  into  it — may  be  nearly  tivice  as  great  as  the  pressure 
within  the  arteries  of  the  glands,  or  even  in  the  carotid  itself  (Ludwig).  The 
pressure  in  Wharton's  duct  may  reach  200  mm.  Hg. 

[Secretory  Pressure.— The  experiment  described  under  (3)  proves,  in  a  definite 
manner,  that  the  passage  of  the  water  from  the  blood-vessels,  or  at  least  from  the 
lymph  into  the  acini  of  the  gland,  cannot  be  due  to"  the '  blood-pressure ;  that,  in 
fact.  It  IS  not  a  mere  2Jrocess  of  filtration,  such  as  occurs  in  the  glomeruli  of  the 
kidney.  In  the  case  of  the  salivary  gland,  where  the  pressure  within  the  gland' 
may  be  double  that  of  the  arterial  pressure,  the  water  actually  moves  from  the 
lymph-spaces  against  very  great  resistance.  We  can  only  account  for  this  result 
by  ascribing  it  to  the  secretory  activity  of  the  gland-cells  themselves.  Whether 
the  activities  of  the  gland-cells,  as  suggested  by  Heidenhain,  are  governed  directlv 
by  two  distinct  kinds  of  nerve-fibres,  a  set  of  solid-secreting  fibres,  and  a  set  of 
water-secreting  fibres,  remains  to  be  proved.] 

exhauipfl^ff.rl?"  ""^f  ""l  ""'''^oit'  '^'''^  ^^^^^^'T  gl^ii<^«  become  fatigued  or 

exhausted  after  prolonged  action.    This  result  may  also  be  brought  about  by  iniectin-  acids  or 

Sc^^Ion  (S4"'  '''''  "^'"^  °'  ''^^  ^'^''^  is^indei^ndtt  of 

^  ;iTcJ°ro"ntlfe%rd*tX"  ^  ^^'^^^^"^ 

youn1X?°L°sn?!r.^^l  ^^^^^i^'^  ty^^r'^^i  i«  extirpated  on  one  side  in 

Lr  cLt  fe^s    wh  fp'Tl?fi''''  ^^"''f,  '^'^^«'°P  «°  much-its  weight  is  50 

{BufidLi)  '"'"^        "crescents  "  are  smiller  than  on  the  somul  side 

blrSr'i'fln^-'"'?*'""'./^'  temperature  of  the  gland  rises  1-5°  C.  (Lrcdwiq),  and  the 

moffv^Z"^        *^'7''"^ ^""^^  ^^^^'^  ^^'^  ^^terial  blood.    [The  electro- 
motive changes  are  referred  to  at  p.  212.]  . 
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"Paralytic  Secretion  "  of  Saliva. — By  this  term  is  meant  the  continued  secre- 
tion of  a  thin  watery  saliva  from  the  sub-maxillary  gland,  which  occurs  twenty- 
four  hours  after  the  section  of  the  cerebral  nerves  (chorda  of  the  seventh),  i.e.,  those 
branches  of  them  that  go  to  this  gland,  whether  the  sympathetic  be  divided  or  not 
{CI.  Bernanl).  It  increases  until  the  eighth  day,  after  which  it  gradually  diminishes, 
while  the  gland-tissue  degenerates.  The  injection  of  a  small  quantity  of  curara 
into  the  artery  of  the  gland  also  causes  it. 

[Heidonliaiu  showed  that  section  of  one  chorda  is  followed  by  a  continuous  secretion  of  saliva 
from  loth  sub-maxillary  glands.  The  term  "paralytic"  secretion  is  aiiplied  to  that  which 
takes  place  on  tho  side  on  which  the  nerve  is  cut,  and  Langley  proposes  to  call  the  secretion  on 
the  opposite  side  the  antilytic.  Apnuea  (§  368)  stops  both  the  paralytic  and  antilytic  secretion, 
wliile  dyspnoea  increases  the  flow  in  both  cases  ;  nnd  as  section  of  the  sympathetic  fibres  to  the 
gland  (wliere  the  chorda  is  cut)  arrests  the  paralytic  secretion  excited  by  dyspnea,  it  is  evident 
that  both  the  paralytic  secretion  and  the  secretion  following  dyspnoea  are  caused  by  stimuli 
travelling  down  the  sympathetic  fibres.  In  the  later  stages  of  the  paralytic  secretion,  the  cause 
is  in  the  gland  itself,  for  it  goes  on  even  if  all  the  nerves  passing  to  the  gland  be  divided,  and 
is  probably  due  to  a  local  nerve-centre.  In  this  stage  the  secretion  is  arrested  by  a  large  dose  of 
chloroform.  The  paralytic  secretion,  in  the  first  stage,  may  be  owing  to  a  venous  condition  of 
the  blood  acting  on  a  central  secretory  centre  whose  excitability  is  increased  ;  and  in  the  latter 
stages  probably  on  local  nerve-centres  within  the  gland.  The  fibres  of  the  chorda  in  the  cat  are 
only  partially  degenerated  thirteen  days  after  section  {Langley). '\ 

[Histological  Changes. — In  the  gland  during  paralytic  secretion,  the  gland-cells  of  the  alveoli 
(serous,  mucous,  and  demilunes)  diminish  in  size  and  show  the  typical  "  resting  "  appearance, 
even  to  a  greater  extent  than  the  normal  resting  gland  {Langley).'] 

B.  Sub-lingual  Gland. — Very  probably  the  same  relations  obtain  as  in  the  sub- 
maxillary gland. 

C.  Parotid  Gland. — In  the  dog,  stimulation  of  the  sympathetic  alone  causes  no 
secretion ;  it  occurs  when  the  glosso-pharyngeal  branch  to  the  parotid  is  simul- 
taneously excited.  This  branch  may  be  reached  within  the  tympanum  in  the 
tympanic  plexus.  A  thich  secretion  containing  much  organic  matter  is  thereby  ob- 
tained. Stimulation  of  the  cerebral  branch  alone  yields  a  clear  thin  watery  secretion, 
containing  a  very  small  amount  of  organic  substances,  but  a  considerable  amount 
of  the  salts  of  the  saliva. 

[Stimulation  of  J acobson's  Nerve  (Parotid  of  Dog) — 

Total  Solids.  Suits.        Organic  Matter. 

Without  sympathetic,       ....       0-56  %  0-31  0*24 

With  sympathetic,  2-42%  0-36  2'06] 

[Reflex  Secretion  of  Saliva. — If  a  cannula  be  placed  in  Wharton's  duct,  e.g.,  in  a 
dog,  during  fasting,  no  saliva  will  flow  out,  but  on  applying  a  sapid  substance  to  the 

mucous  membrane  of  the  mouth  or 
the  tongue,  there  is  a  copious  flow 
of  saliva.  If  the  sympathetic  nerve 
be  divided,  secretion  still  takes  place 
when  the  mouth  is  stimulated,  but  if 
the  chorda  tympani  be  cut,  secretion 
no  longer  takes  place.  Hence,  the 
secretion  is  due  to  a  reflex  act ;  in 
this  case,  the  lingual  is  the  afferent, 
and  the  chorda  the  eff'erent  nerve 
carrying  impulses  from  a  centre 
situated  in  the  medulla  oblongata 
(fig.  160).]  In  the  intact  body,  the 
secretion  of  saliva  occurs  through  a 
reflex  stimulation  of  the  nerves  con- 
cerned, whereby,  under  normal  cir- 
cumstances, the  secretion  is  always  watery  (chorda  or  facial  saliva).  The  centripetal 
or  aff"erent  nerve-fibres  concerned  are  :— (1)  The  nerves  of  taste.    (2)  The  sensory 


Diagram  of  a.  salivary  gland. 
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branches  of  the  trigeminus  of  the  entire  cavity  of  the  mouth  and  the  glosso- 
pharyngeal (which  appear  to  be  capable  of  being  stimulated  by  mechanical  stimuli, 
pressure,  tension,  displacement).  The  movements  of  mastication  also  cause  a 
secretion  of  saliva.  Pfliiger  found  that  one-third  more  saliva  vi'as  secreted  on  the 
side  where  mastication  took  place  ;  and  CI.  Bernard  observed  that  the  secretion 
ceased  in  horses  during  the  act  of  drinking.  (3)  The  nerves  of  smell,  excited  by 
certain  odours.  (4)  The  gastric  branches  of  the  vagus.  A  rush  of  saliva  into  the 
mouth  usually  precedes  the  act  of  vomiting  (§  158), 

(5)  The  stimulation  of  distant  sensory  nerves,  e.g.,  the  central  end  of  the  sciatic— certainly 
through  a  coraplicated  refle-K  mechanism — causes  a  secretion  of  saliva  {Oiosjannikow  and 
Tschin-jeio).  Stimulation  of  the  conjunctiva,  e.g.,  by  applying  an  irritating  iluid  to  the  eye  of 
carnivorous  animals,  causes  a  reflex  secretion  of  saliva  {Aschenbrandt).  Perhaps  the  secretion 
of  saliva  which  sometimes  occurs  during  pregnancy  is  caused  in  a  similar  reflex  manner. 

(6)  The  movements  of  mastication  excite  secretion,  but  although,  during  the  act  of  rumination 
this  is  the  case  in  ruminants,  in  whom  the  process  of  mastication  is  very  thorough,  there  is  no 
secretion  from  the  sub-maxillary  gland,  although  the  parotid  secretes  {Colin,  Ellcnberger  and 
Hofmeistcr). 

The  reflex  centre  for  the  secretion  of  saliva  lies  in  the  medulla  oblongata,  at 
the  origin  of  the  seventh  and  ninth  cranial  nerves.  The  centre  for  the  sympa- 
thetic fibres  is  also  placed  here.  This  region  is  connected  by  nerve-fibres 
with  the  cerebrum ;  hence,  the  thought  of  a  savoury  morsel,  sometimes, 
when  one  is  hungry,  causes  a  rapid  secretion  of  a  thin  watery  fluid — [or,  as  we 
say,  "  makes  the  mouth  water "].  If  the  centre  be  stimulated  directly  by  a 
mechanical  stimulus  (puncture),  salivation  occurs,  while  asjDhyxia  has  the  saiae 
effect.  The  reflex  secretion  of  saliva  may  be  inhibited  by  stimulation  of  certain 
sensory  nerves,  e.g.,  by  puUing  out  a  loop  of  the  intestine.  Stimulation  of  the  cortex 
cerebri  of  a  dog,  near  the  sulcus  cruciatus,  is  often  followed  by  secretion  of  saliva. 
Disease  of  the  brain  in  man  sometimes  causes  a  secretion  of  saliva,  owing  to  the 
effects  produced  on  the  intracranial  centre. 

So  long  as  there  is  no  stimulation  of  thfe  nerves,  there  is  no  secretion  of  saliva,  as 
in  sleep.  Immediately  after  the  section  of  all  nerves,  secretion  stops,  for  a  time 
at  least. 

Pathological  Conditions  and  Poisons.— Certain  affections,  as  inflammation  of  tne  mouth 
neuralgia  ;  ulcers  of  the  mucous  membrane,  and  affections  of  the  gums,  due  to  teethino-  or  the 
prolonged  administration  of  mercury,  often  produce  a  copious  secretion  of  saliva  or  p§ralism 
Certain  poisons  cause  the  same  effect  by  direct  stimulation  of  the  nerves,  as  Calabar  bean 
(pbysostigmm),  digitalin,  and  especially  pilocarpin.    Many  poisons,  especially  the  narcotics- 
above  all  aXvo^m—paralyse  the  secretory  nerves,  so  that  there  is  a  cessation  of  the  secretion  and 
tlie  mouth  becomes  dry  ;  while  the  administration  of  muscarin  in  this  condition  causes  secretion 
Pilocarpm  acts  on  the  chorda  tympani,  causing  a  profuse  secretion,  and  if  atropin  be  <nven  the 
secretion  IS  again  arrested.    Conversely,  if  the  secretion  be  arrested  by  atropin,  it  maV  be 
restored  by  the  action  of  pilocarpin  or  physostigmin.    Nicotin,  in  small  doses,  excites  the 
secretory  nerves,  but  in  large  doses  paralyses  them.    Daturin,  cicutin,  and  iodide  of  ffithylstrvch- 
nin  paralyse  the  chorda.    The  saliva  is  diminished  in  amount  in  man,  in  cases  of  jyaralysis  of 
the  facial  or  sympathetic  nerves,  as  is  observed  in  unilateral  paralysis  of  these  nerves 

[bialogogues  are  those  drugs  which  increase  the  secretion  of  saliva.  Some  are  topical  and 
take  effect  when  apphed  to  the  mouth.    They  excite  secretion  reflexly  by  acting  on  the  seisory 

nv ZthnL  f  T""'^-  '".'^^^'^  '1''''  '^^^  P^"g«°*  l^°<3i°«'  '^<^^  ^«  Smstard,  ginger, 

n^'n!,  ^-f  °'r1^''  "-r^  chloroform  ;  but  they  do  not  all  produce  the  same  effect"on  th^ 
duced  fnto  T  b  L?  t  '^^T  ''  °*h^P' tl^''  general  sialogogues,  cause  salivation  when  intro- 
al  tfp  ^Ll  •  ;  P^s^ft'SJi^^.  "icotm  pilocarpin,  muscarin.  The  drugs  named  act  after 
^eriiinX  ?]!  ^^^^^^^^^^       peripheral  ends  of  the 

TZt  '  uT  e^'is  of  the  secretory  nerves.] 

pffoM-  tli°se  substances  which  diminish  the  secretion  of  saliva,  and  they  may  take 

On  i^Td  mo  n^^^^  *  '    °°^-/t'-c'^"^  through  the  glands,  or  on  the  glands  themselves. 

atE  ifthrn?o^  r  ''f  li*'''  ^^I^^^T^  of  physostigmin  affect  the'blood-supply,  but 

Se  Hands         tU  nl     I  °l  "^f^^^^^^  the  terminations  of  the  secretory  nerves  in 

the  glands,  e.g.,  the  chorda  tympani,  and  even  the  sympathetic  in  the  cat  (but  not  in  the 
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THE  PAROTID  SALIVA. 


[Excretion  by  the  Saliva.  —Some  drugs  are  excreted  by  the  saliva.  Iodide  of  potassium  is 
rapidly  eliminated  by  tho  kidneys,  and  by  the  salivary  glands,  and  so  also  is  iodide  of 
iron.] 

Theory  of  Salivary  Secretion.— Heidenhain  has  i-ecently  formulated  the  following  theory 
regarding  the  secretion  of  saliva  :— "During  tho  passive  or  quiescent  condition  of  the  gland, 
the  organic  materials  of  the  secretion  are  formed  from  and  by  the  activity  of  the  protoplasm  of 
the  secretory  cells.  A  quiescent  cell,  which  has  been  inactive  for  some  time,  therefore  contains 
little  protoplasm,  and  a  large  amount  of  these  secretory  substances.  In  an  actively  secreting 
gland,  there  are  two  processes  occurring  together,  but  independent  of  each  other,. and  regulated 
by  two  diH'crcnt  classes  of  ncrve-libres  ;  secretory  fibres  cause  the  act  of  secretion,  while  trophic 
fibres  cause  chemical  processes  within  the  cells,  partly  resulting  in  the  formation  of  the  soluble 
constituents  of  the  secretion,  and  partly  in  the  growth  of  the  protoplasm.  According  to  the 
number  of  both  kinds  of  fibres  present  in  a  nerve  passing  to  a  gland,  such  nerve  being  stimu- 
lated, the  secretion  takes  place  more  rapidly  (cerebral  nerve)  or  more  slowly  (sympathetic), 
while  tho  secretion  contains  less  or  more  solid  constituents.  The  cerebral  nerves  contain  many 
secretory  fibres  and  few  ti'ophic  fibres,  while  the  sympathetic  contain  more  trophic  but  few 
secretory  fibres.  The  rapidity  and  chemical  composition  of  the  secretion  vary  according  to  the 
strength  of  the  stimulus.  During  continued  secretion,  the  supply  of  secretory  materials  in  the 
gland-cells  is  used  up  more  rapidly  than  it  is  replaced  by  the  activity  of  the  protoplasm  ;  hence, 
the  amount  of  organic  constituents  diminishes,  and  the  microscopic  characters  of  the  cells  are 
altered.  The  microscopic  characters  of  the  cells  arc  altered  also  by  the  increase  of  the  pro- 
toplasm, which  takes  place  in  an  active  gland.  The  mucous  cells  disappear,  and  seem  to  bo 
dissolved  after  prolonged  secretion,  and  their  place  is  taken  by  other  cells  derived  from  the  pro- 
liferation of  the  marginal  cells.  The  energy  which  causes  the  current  of  fluid  depends  upon  the 
protoplasm  of  the  gland-cells." 

146.  THE  SALIVA  OF  THE  INDIVIDUAL  GLANDS.— (a)  Parotid  saUva 

is  obtained  by  placing  a  fine  cannula  in  Steno's  duct;  it  has  an  alkaline  reaction,  but 
during  fasting,  the  first  few  drops  may  be  neutral  or  even  acid  on  account  of  free 
CO.,;  its  specific  gravity  is  1003  to  1004.  After  standing  it  becomes  turbid, 
and  deposits,  in  addition  to  albuminous  matter,  calcium  carbonate,  which  is  present 
in  the  fresh  saliva  in  the  form  of  bicarbonate.  It  contains  small  quantities  (more 
abundant  in  the  horse)  of  a  globulin-like  body,  and  never  seems  to  be  without 
CNKS,  i.e.,  sulphocyanide  of  potassium  (or  sodium), — which,  however,  is  absent  in 
the  sheep  and  dog. 

[The  sulphocyanide  gives  a  dark  red  colour  (ferric  sulphocyanide)  with  ferric  chloride,  and  the 
colour  is  discharged  by  mercuric  chloride,  but  this  is  not  the  case  with  meconic  acid,  ^yhich 
gives  a  similar  colour- reaction.]  It  also  reduces  iodic  acid  when  added  to  saliva,  causing  a 
yellow  colour  from  the  liberation  of  iodine,  which  may  be  detected  at  once  by  starch  (Solei-a). 

Amongst  the  organic  substances  the  most  important  are  ptyalin,  a  small  amount 
of  urea,  and  traces  of  a  volatile  acid.  Mucin  is  absent,  hence  the  parotid  saliva  is 
not  sticky,  and  can  readily  be  poured  from  one  vessel  into  another.  It  contains  1-5 
to  1-6  per  cent,  of  solids  in  man,  of  which  O'S  to  1-0  per  cent,  is  inorganic. 

Of  the  inorganic  constituents — the  most  abundant  are  potassium  and  sodium  chlorides  ;  then 
potassium,  sodium,  and  calcium  carbonates,  some  phosphates,  and  a  trace  of  an  alkaline 

sulphate.  i    j       •  •  * 

Salivary  calculi  are  formed  in  the  ducts  of  the  salivary  glands  owing  to  the  deposition  of 
lime-salts,  and  they  contain  only  traces  of  the  other  salivary  constituents  ;  in  the  same  way  is 
formed  the  tartar  of  the  teeth,  which  contains  many  threads  of  leptothrix,  and  the  remains  of 
low  organisms  which  live  in  decomposing  saliva  in  carious  cavities  between  the  teeth. 

(6)  Sub-maxillary  saliva  is  obtained  by  placing  a  cannula  in  "V^Tiarton's  duct ; 
it  is  alkaline,  and  may  be  strongly  so.  After  standing  for  a  time,  fine  crystals  of 
calcium  carbonate  are  deposited,  together  with  an  amorphous  albuminous  body. 
It  always  contains  mucin  (which  is  precipitated  by  acetic  acid) ;  hence,  it  is  usually 
somewhat  tenacious.  It  contains  ptyalin,  but  in  less  amount  than  in  parotid 
saliva ;  and,  according  to  Oehl,  only  0-0036  per  cent,  of  potassium  sulphocyanide. 
Chemical  Composition. — Sub-maxillary  saliva  (dog) : 

Water,       .       991-45  per  1000, 

Organic  Matter,    2*89  ,,  ,, 

T          •■      4.^;     r.fiR  j   4-50  NaCl  and  CaCls. 

Inorganic  Matter,  5  bb  |         CaCO,,,  Calcium  and  Magnesium  phosphates. 


THE  MIXED  SALIVA  IN  THE  MOUTH. 

Mixed  Snliva                   Parotid  Submaxillnry 

(Hiimiin)                     (Human)  (Dog) 

(JacuboiciUeh).             {Iloppe-Seylcr).  (//erler). 

nV^ater,                                              99-51                    99-32  99-44 

Solids                                                0-49                    0-68  0-5t> 
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Soluble  organic  bodies  (ptyalin),      .  0-13   )  „  „ .  t  0-066 

Epithelium,  umeiu,  ....  0-16   )  )  0-17 

Inorganic  salts,       ....  0-102  0-34  0-43 

Potas.sic  sulphocyanide,    .       .       .  0-006  0-03 

Potassic  and  sodic  chlorides,    .       .  0-084  ...  ] 

Gases.— Pfliiger  found  that  100  cubic  centimetres  of  the  saliva  contained  0-6  0;  64-7  CO, 
(part  could  be  pumped  out,  and  part  required  the  addition  of  phosphoric  acid)  •  0*8  N  -  or  in 
100  vol.  gas,  0-91  0  ;  97-88  CO^  ;  1-21  JST.  [It  therefore  contains  much  more  CO,  than 'venous 
blood.  Kiilz  obtained  from  100  c.c.  of  human  saliva  7  c.c.  of  gas — 0  =  1  c.c.  N  =  2-5  c.c.  and 
COo  =  3-5  c.c.    Besides  this  there  is  40-60  c.c.  of  fi.xed  C0,_,  in  the  form  of  carbonates.] 

(c)  Sub-lingual  saliva  is  obtained  by  placing  a  very  fine  cannula  in  the 
ductus  Eivinianus;  it  is  strongly  alkaline  in  reaction,  very  sticky  and  cohesive, 
contains  much  mucin,  numerous  salivary  corpuscles,  and  some  potassium  sulpho- 
cyanide. 

147.  THE  MIXED  SALIVA  IN  THE  MOUTH.— The  mixed  saliva  in  the 

mouth  13  a  mixture  of  the  secretions  from  the  salivary,  mucous,  and  other  elands  of 
the  mouth. 

(1)  Physical  Characters.— It  is  an  opalescent,  tasteless,  odourless,  slightly 
glairy  fluid,  with  a  specific  gravity  of  1004  to  1009,  and  an  alkaline  reaction.  The 
amount  secreted  in  twenty-four  hours  =  200  to  1500  grammes  (7  to  50  oz  )  • 
according  to  Bidder  and  Schmidt,  however,  =  1000  to  2000  grammes.  The  solid 
constituents  =  5-8  per  1000. 

Compositioii.-The  soUds  are  :-Epithelium  and  mucus,  2-2  ;  ptyalin  and  albumin,  1-4  ;  salts, 

acfd^,  s:hi™nf(&ri.T '"'^     "'^^^^'^^  "^'^^  1^'°^^^^°"^ 

it  J^.^°^P°^ition-products  of  epithelium,  salivary  corpuscles,  or  the  remains  of  food,  may  render 
it  acuUcmporaribj,  as  after  long  fasting,  and  after  much  speaking;  the  reaction  is  acid  in  some 
cases  of  dyspepsia  and  in  fever,  owing  to  the  stagnation  and  insufficient  secretion. 

(2)  Microscopic  Constituents.-(a)  The  salivary  corpuscles  are  slightly  larger 
than  the  white  blood-corpuscles  (8  to  11  f,),  and  are  nucleated  protoplasniic  globular 
ceUs  without  an  envelope  (fig.  150,  s).  During  their  living  condition,  the  articles 
in  their  interior  exhibit  molecular  or  Brownian  movement.  The  dark  granules 
lying  in  the  protoplasm  are  thrown  into  a  trembling  movement,  from  the  motion  of 
dies       ''^  ^  suspended.    This  dancing  motion  stops  when  the  cell 

1.  Jli  movements  of  these  suspended  granules  are  purely  physical  and  are  exhibited 

^  ~ 

^fl^^^l^^SZ^  -"^^  ^they 

of  ^Li'^llZlTZl  '"^'"'r  the  cavities  of  teeth,  nourished  by  the  remains 

DitVted  hv  h  !f  ^?,'"";*"''-T,  «  Con»tituents._&™i-aiW„  is  nreci- 

a^o  5f  ^^^^^^^^^ 
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PHYSIOLOGICAL  ACTION  OF  SALIVA. 


According  to  Sehuiibeiii,  the  saliva  contiiiiis  traces  of  nitrites,  (detected  by  adding  dilute 
sulphuric  acid  and  diauiido-bonzol  to  dilute  saliva),  which  give  a  yellow  colour  {Grics).  There 
ai  o  also  traces  of  ammonia  {Briickc). 

Abnoimal  OonBtituents. — In  diabetes  mellitus,  ladic  acid,  derived  from  a  further  decomposi- 
tion of  grape-sugar,  is  found.  It  dissolves  the  lime  in  the  teeth,  giving  rise  to  diabetic  dental 
curios,  frerichs  found  Icucin,  and  Vulpiau  increase  of  albumin  in  albuminuiia.  Of  foreign 
substances  taken  into  the  body,  the  following  appear  in  the  saliva  : — Mercury,  potassium, 
iodine,  and  bromine. 

Saliva  of  New-Born  Children. — In  new-born  children,  the  parotid  alone  contain.? 
ptyalin.  The  diastatic  ferment  seems  to  be  developed  in  the  sub-maxillary  gland 
and  pancreas,  at  the  earliest  after  two  months.  Hence,  it  is  not  advisable  to  give 
starchy  food  to  infants.  No  ptyalin  has  been  found  in  the  saliva  of  infants  suffer- 
ing from  thrush  (Oidium  albicans — Zweifel).  The  diastatic  action  of  saliva  is  not 
absolutely  necessary  for  the  suckling,  feeding  as  it  does  upon  milk.  The  mouth 
during  the  first  two  months  is  not  moist,  but  at  a  later  period  saliva  is  copiously 
secreted  (Koroiuin)  ;  after  the  first  six  months,  the  salivary  glands  increase  con- 
siderably. The  eruption  of  the  teeth — owing  to  the  irritation  of  the  mucous 
membrane — produces  a  copious  secretion  of  saliva. 

148.  PHYSIOLOGICAL  ACTION  OF  SALIVA.— I.  Diastatic  Action.— The 
most  important  chemical  action  exerted  by  saliva  in  digestion  is  its  diastatic  or 
amylolytic  action  (Leiichs,  1831),  i.e.,  the  transformation  of  starch  into  dextrin  and 
some  form  of  sugar.    This  is  due  to  the  ptyalin— a  hydrolytic  ferment  or  enzym 

 which,  even  when  it  is  present  in  very  minute  quantity,  causes  starch  to  take  up 

water  and  become  soluble,  the  ferment  itself  undergoing  no  essential  change  in  the 
process.  [Ptyalin  belongs  to  the  group  of  unorganised  ferments  (§  250,  9).  Like 
all  other  ferments  it  acts  only  within  a  certain  range  of  temperature,  being  most 
active  about  40°  C.  Its  energy  is  permanently  destroyed  by  boiling.  Its  acts  best 
in  a  slightly  alkaline  or  neutral  medium.] 

[Action  on  Starch. — Starch-grains  consist  of  granulose  or  starch  enclosed  by 
coats  of  cellulose.  Cellulose  does  not  appear  to  be  affected  by  saliva,  so  that  saliva 
acts  but  slowly  on  raw  unboiled  starch.  If  the  starch  be  boiled,  so  as  to  swell  up 
the  starch-grains,  and  rupture  the  cellulose  envelopes,  the  amylolytic  action  takes 
place  rapidly.  If  starch-paste  or  starch-mucilage,  made  by  boiling  starch  in  water, 
be  acted  upon  by  saliva,  especially  at  the  temperature  of  the  body,  the  first  physical 
change  observable  is  the  liquefaction  of  the  paste,  the  mixture  becoming  more  fluid 
and  transparent.  The  change  takes  place  in  a  few  minutes.  When  the  action  is 
continued,  important  chemical  changes  occur.] 

According  to  O'Sullivan,  Musculus,  and  v.  Mering,  the  diastatic  ferment  of  saliva 
(and  of  the  pancreas),  by  acting  upon  starch  or  glycogen,  forms  dextrin  and  maltose 
(both  soluble  in  water).  Several  closely  allied  varieties  of  dextrin,  distinguishable 
by  their  colour-reactions,  seem  to  be  produced  (Briicke).  Erythrodextrin  is 
formed  first,  it  gives  a  red  colour  with  iodine ;  then  a  reducing  dextrin— achroo- 
dextrin,  which  gives  no  colour-reaction  with  iodine.  The  sugar  formed  by  the 
action  of  ptyalin  upon  starch  is  maltose  (CisH^sOn  +  H^O),  which  is  distinguished 
from  grape-sugar  {C^.U^^O^o)  by  containing  one  molecule  less  of  water,  which,  how- 
ever, it  holds  as  a  molecule  of  water  of  hydration.  [Maltose  also  differs  from  grape- 
sugar  in  its  greater  rotatory  power  on  polarised  light,  the  former  =  +  150°,  theUatter 
-f  56°,  the  ratio  being  61  :  100  ;  and  in  its  smaller  power  of  reducing  cupric  oxide. 
Thus  between  the  original  starch  and  the  final  product,  maltose,  several  interme- 
diate bodies  are  formed.  The  starch  gives  a  blue  with  iodine,  but  after  it  has  been 
acted  on  for  a  time  it  gives  a  red  or  violet  colour,  indicating  the  presence  of  ery- 
throdextrin, there  being  a  simultaneous  production  of  sugar  ;  but  ultimately  no 
colour  is  obtained  on  adding  iodine— achroodextrin,  which  gives  no  colour  xvith 
iodine,  maltose  being  formed.  _  The  presence  of  the  maltose  is  easily  determined 
by  testing  with  Fehling's  solution.] 
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[Brown  and  Heron  suggest  that  the  final  result  of  the  transformation  may  be  re- 
presented by  the  equation — 

10(C,,TIM  +  8H2O  =  8(Ci  +  2(Ci2H,oOi„) 

Soluble  starch.        Water.  Jlaltose.  Achroode.xtriii. 

The  ferment  slowly  changes  maltose  into  grape-sugar  or  dextrose.  This  result 
may  be  brought  about  much  more  rapidly  by  boiling  maltose  with  dilute  sulphuric 
or  hydrochloric  acid.]  Achroodextrin  ultimately  passes  into  maltose,  and  this 
again  into  dextrose ;  the  other  form  of  dextrin  does  not  seem  to  undergo  this  change 
(Seegen's  Dystropodextrin).  For  the  further  changes  that  maltose  undergoes  in 
the  intestine,  see  §  183,  II.  2. 

[The  formula  of  starch  is  usually  expressed  as  CgHijOj,  but  the  researches  already  men- 
tioned, and  those  of  Brown  and  Heron,  make  it  probable  that  it  is  more  complex,  wliicli  we 
may  provisionally  represent  by  ?i(Ci2H„oOio).  According  to  Musculus  and  Meyer,  erythrodextrin 
is  a  mixtxire  of  dextrin  and  soluble  starch.] 

Preparation  of  Ptyalin. — (1)  Like  aU  other  hydrolytic  ferments,  it  is  carried  down  with  any 
copious  precipitate  that  is  produced  in  the  fluid  which  contains  it,  and  it  can  be  isolated  from 
the  precipitate.  The  saliva  is  acidulated  with  phosphoric  acid,  lime-water  is  added  until  the 
reaction  becomes  alkaline,  when  a  precipitate  of  the  basic  calcium  phosphate  occurs,  which 
carries  the  ptyalin  along  with  it.  This  precipitate  is  collected  on  a  filter,  washed  with  water, 
which  dissolves  the  ptyalin,  and  from  its  watery  solution  it  is  precipitated  by  alcohol  as  a  white 
powder.    It  is  redissolved  in  water  and  reprecipitated,  and  is  obtained  pure  (CoJinheiin). 

(2)  Grlycerine  or  V.  Wittich's  Method.— The  salivary  glands  [rat]  are  chopped  up,  placed  in 
absolute  alcohol  for  twenty-four  hours,  taken  out  and  dried,  and  afterwards  placed  in  glycerine 
for  several  days,  which  extracts  the  ptyalin.  It  is  precipitated  by  alcohol  from  the  glycerine 
extract. 

(3)  "WiUiam  Roberts  recommends  the  following  solutions  for  extracting  ferments  from  organs 
which  contain  them  :— (1)  A  3  to  4  per  cent,  solution  of  a  mixture  of  2  parts  of  boracic  acid  and  1 
part  borax.    (2)  Water,  with  12  to  15  per  cent,  of  alcohol.    (3)  1  part  chloroform  to  200  of  water. 

Diastatic  Action  of  Saliva. — («)  The  diastatic  or  sugar-forming  action  is  known  by — (1) 
The  disappearance  of  the  starch.  When  a  small  quantity  of  starch  is  boiled  with  several 
hundred  times  its  volume  of  water,  starch-mucilage-  is  obtained,  which  strikes  a  bine  colour 
with  iodine.  If  to  a  small  quantity  of  this  starch  a  sufficient  amount  of  saliva  be  added,  and 
the  mixture  kept  for  some  time  at  the  temperature  of  the  body,  the  blue  colour  disappears.  (2) 
The  presence  of  sugar  is  proved  directly  by  using  the  tests  for  sugar  (§  149). 

(b)  The  action  takes  place  more  slowly  in  the  cold  than  at  the  temperature  of  the  body— its 
action  is  enfeebled  at  55°  C,  and  destroyed  at  75°  C.  (Pasckutin).  The  most  favourable 
temperature  is  35°  to  39°  C. 

(c)  The  ptyalin  itself  does  not  seem  to  be  changed  during  its  action,  but  ptyalin  which  has 
been  used  for  one  experiment  is  less  active  when  used  the  second  time  [Paschutin). 

Ptyalin  differs  from  diastase— the  ferment  in  germinating  gi-ains- in  so  far  that  the  latter 
first  begins  to  act  at  -f66°  C.  Ptyalin  decomposes  salicin  into  saligenin  and  grape-sugar 
[Frerichs  and  Stadler). 

_{d)  Saliva  acts  best  in  an  exactly  neutral  medium,  but  it  also  acts  in  an  alkaline  and  even  in  a 
slightly  acid  fluid;  strong  acidity  prevents  its  action.  The  ptyalin  is  only  active  in  the  stomach 
when  the  acidity  is  due  to  organic  acids  (lactic  or  butyric),  and  not  when  free  hydrochloric  acid 
IS  present  [van  da  Vclde).  In  both  cases,  however,  dextrin  is  formed.  Ptyalin  is  destroyed  by 
hydrochloric  acid  or  digestion  by  pepsin  {Chittenden  and  Grisioold,  Langley).  Even  butyric 
and  lactic  acids  formed  from  grape-sugar  in  the  stomach  may  prevent  its  action  :  but  if  the 
acidity  be  neutralised,  the  action  is  resumed  {01.  Bcrjiard). 

(e)  The  addition  of  common  salt,  ammonium  chloride,  or  sodium  sulphate  (4  per  cent,  solu- 
tion), increases  the  activity  of  the  ptyalin,  and  CO2,  acetate  of  quinine,  strychnia,  morphia, 
curaia,  0-025  per  cent,  sulphuric  acid,  have  the  same  eff'ect.  j        >       t-  > 

(/)  Much  alcohol  and  caustic  potash  destroy  the  ptyalin  ;  long  exposure  to  the  air  weakens 
Its  action,  sodium  carbonate  and  magnesium  sulphate  delay  the  action  {Pfeiffer).  Salicylic 
acid  and  much  atropin  arrest  the  formation  of  sugar,  \  J  ^    1  J 

rJ't^-I^^^^l'^i'^'^^^  very  feebly  and  very  gradually  upon  raw  starch,  only  after  2  to  3  hours 
all  stfrc'hy^foodsT"  ^^^^  I'apidly.    [Hence  the  necessity  for  boiling  thoroughly 

nJu  \  ^-''^^f  ^^^^^  of  starch  are  changed  more  or  less  rapidly  according  to  the  amount  of 
ceUulose  which  they  contain  ;  raw  potato  starch  after  2  to  3  hours,  raw  mai?e  starch  after  2  to 
tr^nl  f  ('f^^^'w^'lf  fi'i)  ;  wheat  starch  more  quickly  than  that  of  rice.  When  the  starches 
aie  powdered  and  boiled,  they  are  changed  with  equal  rapidity. 

t,l«ml7/Tf"''v°^7.*N"'  l^-P''  ^'■"P'  S^^'^'^s  is  more  active  than  the  saliva  from  any  single 

giana  {Jakubowilsch),  while  mucin  is  inactive. 
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TESTS  FOR  SUGAR. 


[Efifect  of  Tea. — Tea  has  an  intensely  inhibitory  effect  on  salivary  digestion,  which  is  due  to 
the  laif^e  (UKUuity  of  tiuiniu  contained  in  the  tea-leaf.  Coffee  and  cocoa  have  only  a  slight 
effect  on  salivary  digestion.  The  only  way  to  mitigate  the  inhibitory  effect  of  tea  on  salivary 
digestion  is  "not  to  sip  the  beverage  with  the  meal,  but  to  eat  first  and  drink  afterwards" 
(MobcHs).] 

II.  Saliva  dissolves  those  substances  which  are  soluble  in  water ;  while  the  alka- 
line reaction  enables  it  to  dissolve  some  substances  which  are  not  soluble  in  water 
alone,  but  require  the  presence  of  an  alkali. 

III.  Saliva  moistens  dry  food  and  aids  the  formation  of  the  "bolus,"  while  by 
its  mucin  it  helps  the  act  of  swallowing,  the  mucin  being  given  off  unchanged  in  the 
ffeces.    The  ultimate  fate  of  ptyalin  is  unknown. 

[IV.  Saliva  also  aids  articulation,  while  according  to  Liebig  it  carries  down  into 
the  stomach  small  quantities  of  0.] 

[V,  It  is  necessary  to  the  sense  of  taste  to  dissolve  sapid  substances,  and  bring 
them  into  relation  with  the  end-organs  of  the  nerves  of  taste.] 

Saliva  has  no  action  on  proteids  or  on  fats. 

The  presence  of  a  peptone-forming  ferment  has  recently  been  detected  in  saliva  {Hu/ner, 
Ahmh,  Kiihne).    [Perfectly  healthy  human  saliva  has  no  poisonous  properties.] 

149.  TESTS  FOR  SUGAil. — 1.  Trommer's  test  depends  upon  the  fact  that,  in 
alkaline  solutions,  sugar  acts  as  a  reducing  agent ;  in  this  case  a  metallic  oxide  is 
changed  into  a  suboxide.  To  the  fluid  to  be  investigated,  add  -|  of  its  volume  of 
a  solution  of  caustic  potash  (soda),  specific  gravity  1-25,  and  a  few  drops  of  a  weak 
solution  of  cupric  sulphate,  which  causes  at  first  a  bluish  precipitate,  consisting  of 
hydrated  cupric  oxide,  but  it  is  redissolved,  giving  a  clear  blue  fluid,  if  sugar  be 
present.  Heat  the  upper  stratum  of  the  fluid,  and  a  yellow  or  red  ring  of  cuprous 
oxide  is  obtained,  which  indicates  the  presence  of  S'Ugar  ;  2CuO  -  O  =  Cu^O. 

The  solution  of  hydrated  cirpric  oxide  is  caused  by  other  organic  substances  ;  but  the  final 
.stage,  or  the  production  of  cuprous  oxide,  is  obtained  only  with  certain  sugars— grape-,  fruit-, 
and  milk-  (but  not  cane-)  sugar.  Fluids  which  are  turbid  must  be  previously  filtered,  and  if 
they  are  highly  coloured,  they  must  be  treated  with  basic  lead  acetate  ;  the  lead  acetate  is  after- 
wards removed  by  the  addition  of  sodium  phosphate  and  subsequent  filtration.  If  very  small 
quantities  of  sugar  are  present  along  with  compounds  of  ammonia,  a  yellow  colour  instead  of  a 
yellow  precipitate  may  be  obtained.  In  doing  the  test,  care  must  be  taken  not  to  add  too  much 
cupric  sulj)hate. 

[2.  Fehling's  Solution  is  an  alkaline  solution  of  potassio-tartarate  of  copper. 
Boil  a  small  quantity  of  the  deep-blue-coloured  Fehling's  solution  in  a  test-tube, 
and  add  to  the  boiling  test  a  few  drops  of  the  fluid  supposed  to  contain  the  sugar. 
If  sugar  be  present,  the  copper  solution  is  reduced,  giving  a  yellow  or  reddish  pre- 
cipitate. The  reason  for  boiling  the  te.st  itself  is,  that  the  solution  is  apt  to 
decompose  when  kept  for  some  time,  when  it  is  precipitated  by  heat  alone.  This 
is  one  of  the  best  and  most  reliable  tests  for  the  presence  of  sugar.  In  Pavy  s 
modification  of  this  test,  ammonia  is  used  instead  of  a  caustic  alkali  (§  267).] 

(3)  Bottger's  Test. —Alkaline  bismuth  oxide  solution  is  best  prepared,  according  to  Nylander, 
as  follows  :— 2  grms.  bismuth  subnitrate,  4  gnns.  potnssic  and  sodic  tartarate  100  grms. 
caustic  soda  of  8  per  cent.  Add  1  c.c.  to  every  10  c.c.  of  the  fluid  to  be  investigated.  AN  hen 
boiled  for  several  minutes,  the  sugar  causes  the  reduction  and  deposits  a  black  precipitate  ot 
metallic  bismuth.  [According  to  Salkowski  the  urine  of  a  person  taking  rhubarb  gives  the 
.same  reaction  with' this  test.]  .  ,  ^,       .  ,      .  „.  „„„i,. 

(4)  Moore  and  Heller's  Test.— Caustic  potash  or  soda  is  added  until  the  mixture  is  strongij 
alkaline  ;  it  is  afterwards  boiled.  If  sugar  be  present,  a  yellow  brown,  or  brownish-black  colora- 
tion is  obtained.    If  nitric  acid  be  added,  the  odour  of  burned  sugar  (caramel)  and  formic  acid 

JmSer  and  Neubaner's  Test.— A  solution  of  indigo-carmine,  rendered  alkaline  ^th  sodic 
carbonate,  is  added  to  the  sugar  solution  until  a  slight  bluish  colour  is  obtained,  jj^'^'!  t''*^ 
mixture  is  heated,  the  colour  passes  into  purple,  red,  and  yellow.    When  shaken  with  atmo- 

^PSLSs*:^:5l^5"!rT5;riluid  add  2  drops  of  a  17  per  cent  alcoholic  solution 
ofT-  naphthol,  or  a  solution  of  thymol.  Add  1  to  2  com.  of  concentrated  sulphuric  aci.  , 
amf  shake  the  mixture.    The  presence  of  sugar  colours  the  a-naphthol  mixture  deep  violet. 
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the  thymol  deep  red.    The  subsequent  addition  of  water  causes  a  iH-ecipitate  of  similar  colour 
which  is  insoluble  in  concentrated  hydrochloric  acid.    Albumin,  casein,  and  peptone  rdve  the 
same  reaction  {Sccgcn),  but  the  deposit  on  the  addition  of  water  is  soluble  in  concentrated 
hydrochloric  acid. 

Other  tests  are  described  in  §  266. 

In  all  cases  where  albumin  is  present  it  must  be  removed— in  urine  by  acidulating  with  acetic 
acid  and  boiling  ;  in  blood,  by  adding  four  times  its  volume  of  alcohol  and  afterwards  filtering 
while  the  alcohol  is  expelled  by  heat.  °' 

150.  QUANTITATIVE  ESTIMATION  OF  SUaAR.-I.  By  Fermentation  -In  the  glass 
vessel  (li^.  161,  a)  a  measured  quantity  (20  c.cm.)  of  the  fluid  (sugar)  is  placed  along  with  some 
yeast,  while  h  contains  concentrated  sulphuric  acid.  The 
whole  apparatus  is  then  weighed.  When  exposed  to  a  sufli- 
cient  temperature  (10°  to  40°  C),  the  sugar  splits  into  2 
molecules  of  alcohol  and  2  of  carbon  dioxide, 

C„Hi,Oe  =  2(CoH,0)  +  2(C0.,), 
Grape-sugar  =    2  alcohol   +  2  carbon  dioxide  ; 
and  in  addition  there  are  formed  traces  of  glycerine  and  suc- 
cinic acid.    The  COo  escapes  from  b,  and  as  it  passes  through 
the  H2SO4,  the  CO.^  yields  to  the  latter  its  water.  The 

apparatus  is  weighed  after  two  days,  when  the  reaction  is  Fig.  161. 

ended,  and  the  amount  of  sugar  is  calculated  from  the  loss  of  Aimnrnfn«  fnv  n„=^f  <-  f 
weight  in  the  20  c.cm.  of  flufd.  100  parts  of  water-free  sugar  ^esSon  of  Lr^W  f 
=  48-89  parts  00^,  or  100  parts  GO,  correspond  to  204-54      n  Sation  °  ^ 

parts  of  sugar.  mentation. 

n.  Titration.— By  means  of  Fehling's  solution,  which  is  made  of  such  a  strength  that  all  the 
copper  in  10  cubic  centimetres  of  the  solution  is  reduced  by  0-05  grammes  of  grape-sugar 

in.  Circumpolarisation.— The  saccharimeter  of  Soleil-Ventzke  may  be  used  to  determine  the 
amount  of  .sugar  present.  It  may  also  be  used  for  the  quantitative  estimation  of  albumin 
bugar  rotates  the  ray  of  polarised  light  to  the  right  and  albumin  to  the  left.  The  amount  of 
rotation,  or  specific  rotatory  power,"  is  directly  proportional  to  the  amount  of  the  rotating 
substance  present  m  the  solution,  so  that  the  amount  of  rotation  of  the  ray  indicates  the  amount 
of  the  substance  present.  By  the  term  "specific  rotatory  power"  is  meant  the  degree  of 
rotation  which  is  produced  by  1  grm.  of  the  substance  dissolved  in  1  c.cm.  of  watei?  when 
examined  in  a  layer  1  decimeter  thick.    For  yellow  light  the  specific  rotation  of  grape-sugar  i^ 

In  fig  162  the  light  from  the  lamp  falls  upon  a  crystal  of  calc-spar.  Two  Nicol's  prisms  are 
p  aced  at  v  and  v  is  movable  round  the  axis  of  vision,  while  .  is  fixed.  In  m  Solefl's  double 
plate  of  quartz  is  placed,  so  that  one-half  of  it  rotates  the  ray  of  polarised  light  as  much  to  the 

£tor,rauL?z     A'fr'-'*i°  ^'^'^  ^^^^^  of  visio/is  covered^y  a  plat  of  Z^! 

rotatouj  quartz.    At  h  c  is  the  compensator,  composed  of  two  right-rotatory  prisms  of  nuartz 
which  can  be  displaced  laterally  by  the  milled  head,  g,  so  thtt  the  polaris^l  1  'lit  mssS 

"^"'^'^  ^°  P^^^  ^  thicker  or  thinner  layer  of  qu  a- z.  Then 

these  right-rotatory  prisms  are  placed  in  a  certain  position,  the  rotation  of  the  le  t  rotatory 

SVaV^l^d  a^^^^^^  ''Z  ''''  '^'^''  '^       compensate  his  L  noS 

obL, v^r  w^,o  ?rni  !  1    t  i"*"^^',  P^^*'  ^*      ^PP"^^!'  t°  l^^^e  the  same  colour  to  the 

obse  ver,  who  from    looks  through  the  telescope  placed  at  e.    Rotate  the  Nicol's  prism  at  v 

•    4       P°^^t^°^       telescope  must  be  sK^i  tel 
Jeady  for  use  ^'"^^^I'^g  the  two  halves  shall  be  distinctly  visible.    The  apparatus  is  now 

per™tly  d^a\-^  T^^^^^^^^  length,  with  urine  containing  sugar  or  albumin,  the  urine  being 
ros  coLr  s  asaS  obtS^^^^  f  ^"'i  «:    ?y  ''otating  the  Nicol's  prisms,  v,  the 

fieldof  v^Jinr.  ifn^^  M  A  compensator  at  </ is  then  rotated  until  both  halves  of  the 
number  0  Z  r^^^^^^^  same  colour.    When  this  is  obtained,  read  off  on  the  scale  Ee 

T^  numLr  ot  deSeerT^Y  ,  ^'^f^""^^  to  the  right  (sugar)  or  to  the  left  (albumin)  from  zero, 
presentrroo  co  nf  tL  S    1  of  gi'ammes  of  the  rotating  substance 

EV  l  tSou°k  anii^^^^^^^         ft'  '^^^  ™"«t  be  decolourised  by 

addition  of  rdfo.t?^^^^^^^  '  colouring  matter  maybe  preciptated  by  the 

tJfofbwT.^.' at!i'°'  DKESTIVE  APPAEAHrS-This  embraces 
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INTRODUCTION  OF  THE  FOOD, 


1.  The  introduction  and  mastication  of  the  food;  the  movements  of  the  tongue; 

insalivation ;  formation  of  the  bolus  of  food. 

2.  Deglutition. 

3.  The  movements  of  the  stomach,  small  and  large  intestine. 

4.  The  excretion  of  fajcal  matters. 

152.  INTRODUCTION  OF  THE  FOOD.— Fluids  are  taken  into  the  mouth  in 
three  ways  :— (1)  By  suction,  the  lips  are  applied  air-tight  to  the  vessel  containing 
the  fluid,  while  the  tongue  is  retracted  (the  lower  jaw  being  often  depressed)  and 


Fig.  162. 

Soleil-Ventzke's  polarisation  apparatus. 

acts  like  the  piston  in  a  suction-pump,  thus  causing  the  fluid  to  enter  the  mouth. 
Herz  found  that  the  negative  pressure  caused  by  an  infant  while  sucking  =  3  to  10 
mm.  Hg.  (2)  The  fluid  is  lapped  when  it  is  brought  into  direct  contact  with  the 
lips,  and  is  raised  by  aspiration  and  mixed  with  air  so  as  to  produce  a  characteristic 
sound  in  the  mouth.  (3)  Fluid  may  be  poured  into  the  mouth,  and  as  a  general 
rule  the  lips  are  applied  closely  to  the  vessel  containing  the  fluid. 

Solids,  when  they  consist  of  small  particles,  are  licked  up  with  the  lips,  aided  by 
the  movements  of  the  tongue.    In  the  case  of  large  masses,  a  part  is  bitten  off  with 
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tlie  incisor  teeth,  and  is  afterwards  brought  under  the  action  of  the  molar  teeth  by 
.  means  of  the  lips,  cheeks,  and  tongue, 

153.  MASTICATION.  —The  articulation  of  the  jaw  is  provided  with  an  interarticular  cartilage 
— the  meniscus— which  prevents  direct  pressure  being  made  upon  the  articular  surface  when  the 
jaws  are  energetically  closed,  and  which  also  divides  the  joint  into  two  cavities,  one  lying  over 
the  other.  The  capsule  is  so  lax  that,  in  addition  to  the  raising  and  depressing  of  the  lower 
jaw,  it  permits  of  the  lower  jaw  being  displaced  forwards,  whereby  the  meniscus  moves  with  it, 
and  covers  the  articular  surface. 

The  process  of  mastication  embraces: — (a)  The  elevation  of  the  jaw,  accom- 
plished by  the  combined  action  of  the  Temporal,  Masseter,  and  Internal  Pterygoid 
Muscles.  If  the  lower  jaw  was  previously  so  far  depressed  that  its  articular  surface 
rested  upon  the  tubercle,  it  now  passes  backwards  upon  the  articular  .surface. 

(b)  The  depression  of  the  lower  jaw  is  caused  by  its  own  weight,  aided  by  the 

action  of  the  anterior  bellies  of  the  Digastrics,  the  Mylo-  and  Genio-hyoid  and 

Platysma.    The  muscles  act  especially  during  forcible  opening  of  the  mouth.  The 

necessary  fixation  of  the  hyoid  bone  is  obtained  through  the  action  of  the  Omo-  and 

Sterno-hyoid,  and  by  the  Sterno-thyroid  and  Thyro-hyoid. 

AVhen  the  articular  surface  of  the  lower  jaw  passes  forwards  on  to  the  tubercle,  the  External 
Pterygoids  actively  aid  in  producing  this  {£h-ard). 

(c)  Displacement  of  the  Articular  Surfaces. — During  rest,  when  the  mouth  is 
closed,  the  incisor  teeth  of  the  lower  jaw  are  within  the  arch  of  the  upper  incisors. 
When  in  this  position  the  jaw  is  protruded  by  the  External  Pterygoids,  whereby  the 
articular  surface  passes  on  to  the  tubercle  (and,  therefore,  downwards),  while  the  lateral 
teeth  are  thereby  separated  from  each  other.  The  jaw  is  retracted  by  the  Internal 
Pterygoids  without  any  aid  from  the  posterior  fibres  of  the  Temporals,  When  one 
articular  surface  is  carried  forwards,  the  jaw  is  protruded  and  retracted  by  the  Exter- 
nal and  Internal  Pterygoid  of  the  same  side.  At  the  same  time,  there  is  a  transverse 
movement,  whereby  the  back  teeth  of  the  protruded  side  are  separated  from  each  other. 

During  mastication,  the  individual  movements  of  the  lower  jaw  are  variously  com- 
bined, and  especially  with  lateral  grinding  movements,  while  the  food  to  be  masticated 
is  kept  from  passing  outwards  by  the  action  of  the  muscles  of  the  lips  (Orbicularis 
oris)  and  the  Buccinators,  while  the  tongue  continually  pushes  the  particles  between 
the  molar  teeth.  The  energy  of  the  muscles  of  mastication  is  regulated  by  the 
sensibility  of  the  teeth,  and  the  muscular  sensibility  of  the  muscles  of  mastication, 
as  well  as  by  the  general  sensibility  of  the  mucous  membrane  of  the  mouth  and 
hps.  At  the  same  time,  the  mass  is  mixed  with  saliva,  the  divided  particles  cohere 
and  are  formed  into  a  mass  or  bolus,  of  a  long,  oval  shape,  by  the  muscles  of  the 
tongue.    The  bolus  then  rests  on  the  back  of  the  tongue,  ready  to  be  swallowed. 

Nerves  of  Mastication.— The  muscles  of  mastication  receive  their  motor  nerves  from  the  third 
branch  of  the  tngemmus  the  mylo-hyoid  and  the  anterior  belly  of  the  digastric  being  supplied 
.,TJtvT^^  'Tl^-  '^"'1  sterno-hyoid,  sterno-thyroid,  and  thyro-hvoid 

aie  supplied  by  the  hypoglossal  while  the  facial  supplies  the  posterior  belly  of  the  digastric,"  the- 
stylo-liyoid,  the  platysma,  the  buccinator,  and  the  muscles  of  the  lips.  The  general  centr4  for 
tile  muscles  of  mastication  lies  in  the  medulla  oblongata  (§  367) 

cavitvnf  fi!  "^°"^V^-  ^^J^'^!  ^'■'^  ^^P*  i°  tlie  pressure  of  the  air,  as  the 

rf/e  iLf  LT'^  ^"^^  ^^'^  of  air  is  prevented  anteriorly 

mrn  VhrJ^  posteriorly  by  the  soft  palate.  The  pressure  exerted  by  the  air  is  from  2  to  4 
mm.  Jrlg.  [Metzger  and  Bonders). 


to  the  nerve  crnt"^^^^^^^^         '       '"''^'"^        mastication  implies  an  increased  supply 

JcllnfeSa';';^^^  DEVELOPMENT  OF  THE  TEETH.-A  tooth  is  just  a  papilla  of  the 
fornr's  Hhe  tp?H,  i-  f^^'  ''^''^  ^".l  undergone  a  characteristic  development.  In  its  simplest 
ma^  hvl  ^fco,  ™  the  connective-tissue  basis  of  the 'papilla  is  covered  with 

Jola  cifi  .rdPnZp  P  1  -f  r-     r,  ^'^'^  P^P'"''  i«  transformed  into  a 

the  ootr,  p  while  the  epitlielium  of  tlic  papilla  produces  the  enamel,  the  fang  of 

tiie  tooth  being  covered  by  a  thin  accessory  layer  of  bone  the  crusta  petrosa  or  cenient 
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STRUCTUEE  OF  DENTINE. 


The  dentine  or  ivory  wliicli  surrounds  tlie  pulp-cavity  and  the  canal  of  the  fang  (fig.  163)  is 

very  firm,  elastic,  and  brittle.  Dentine,  like  the  matrix 
of  bone,  wlien  treated  in  a  certain  way,  presents  a  iiljrillar 
structure.    It  is  permeated  by  innumerable  long,  tortuous, 

-Enumel. 


Dentine. 


Pulp 
Ciivity. 


Cement. 


Fig.  163.  Fig.  164. 

Fig.  163. —  Longitudinal  section  of  an  incisor  tooth.    Fig.  164.— Transverse  section  of  dentine. 
The  light  rings  are  the  walls  of  the  dentinal  tubules  ;  the  dark  centres  with  the  light  points 
are  the  fibres  of  Tomes  lying  in  the  tubules.    Fig.  165. — Interglobular  spaces  in  dentine, 
wavy  tubes — the  dentinal  tubules — each  of  which  communicates  with  the  pulp-cavity  by  means 
of  a  fine  opening,  and  passes  more  or  less  horizontally  outwards  as  far  as  the  outer  layers  of  the 

dentine.  The  tubules  are  bounded  by 
an  extremely  resistant,  thin,  cuticular 
membrane,  which  strongly  resists  the 
action  of  chemical  reagents.  These 


Fig.  167. 


Fig.  166.  ^'a- 
Fig  166  —Section  of  a  tooth  between  the  dentine  and  enamel,   a,  enamel  :  c,  dentinal  tubules  ; 
B  enamel  prisms  highly  magnified  ;  C,  transverse  sections  of  enamel  pnsm-s.    lig  Ib/.- 
Transverse  section  of  the  fang,    a,  cement  with  bone-corpuscles  ;  b,  dentine  with  tubules  , 
c,  boundary  between  both, 
tubules  are  filled  completely  by  soft  fibres,  the  "fibres  of  Tomes,"  which  are  merely  greatly 
elongated  and  branched  processes  of  the  odontoblasts  ol  the  pulp. 
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The  dentinal  tubules,  as  well  as  the  fibres  of  Tomes,  anastomose  througliout  their  entire  extent 
by  means  of  line  processes.  As  the  fibres  apjjroach  the  enamel,  which  they  do  not  penetrate 
some  of  them  bend  on  themselves,  and  form  a  loop  (fig.  lf)6,  c),  whilst  others  pass  into  the 
"interglobular  spaces  "  (lig.  165)  which  are  so  abundant  in  tlio  outer  part  of  the  dentine.  The 
interglobular  spaces  are  small  spaces  bounded  by  curved  surlaces.  Certain  curved  lines 
"  Schreger's  lines,"  may  be  detected  with  the  naked  eye  in  the  dentine  {e.g.,  of  the  elephant's 
tusk)  running  parallel  witli  the  contour  of  the  tooth.  They  are  caused  by  the  fact  that  at  these 
parts  all  the  chief  curves  in  the  dentinal  tubules  follow  a  similar  course. 

The  enamel,  the  hardest  substance  in  the  body  (resembling  apatite),  covers  the  crown  of  the 
teeth.  It  consists  of  hexagonal  flattened  prisms  arranged  side  by  side  like  a  palisade  (fig.  166 
B  and  0).  Tliey  are  3  to  5  /i  {-^^rs  i"ch)  broad,  not  quite  uniform  in  thickness,  curved 
slightly  iu  dilferent  directions,  and,  owing  to  inequalities  of  thickness,  thev  exhibit  transverse 
markings.  Tliey  are  elongated,  calcified,  cylindrical,  epithelial  cells.  Retzius  described  dark 
brown  lines  running  parallel  with  the  outer  boundary  of  the  enamel,  due  to  the  presence  of 
pigment  (fig.  163).  The  fully  formed  enamel  is  negatively  doubly  refractive  and  uniaxial,  while 
the  developing  enamel  is  positively  doubly  refractive  {Hoppc-Seyler). 

The  cuticula  or  Nasmyth's  membrane  covers  the  free  surface  of  the  enamel  as  a  completely 
structureless  membrane  1  to  2  ^  thick,  but  in  quite  young  teeth  it  exhibits  an  epithelial  struc- 
ture, and  is  derived  from  the  outer  epithelial  layer  of  the  enamel  organ. 

The  cement  or  crusta  petrosa  is  a  thin  layer  of  bone  covering  the  fang  (fio>.  167  a).  The 
bone  lacunoe  communicate  directly  with  the  dental  tubules  of  the  fang.  Haversian  canals  and 
lamellfe  are  only  found  where  the  layer  of  cement  is  thick,  and  the  former  may  communicate 
with  the  pulp-cavity.  Very  thin  layers  of  cement  may  be  devoid  of  bone-corpuscles.  Sharpey's 
fibres  occur  in  the  cement  of  the  dog's  tooth  ;  while  in  the  horse's  tooth  single  bone-corpuscles 
are  developed  by  a  capsule.  In  the  periodontal  membrane,  which  is  just  the  periosteum  of  the 
alveolus,  coils  of  blood-vessels  similar  to  the  renal  glomeruli  occur.  'They  anastomose  with  each 
other,  and  are  surrounded  by  a  delicate  capsule  of  connective-tissue. 

Chemistry  of  a  Tooth.— The  teeth  consist  of  a  gelatine-yielding  matrix  infiltrated  with  cal- 
cium phosphate  and  carbonate  (like  bone).  (1)  The  dentine  contains— organic  matter  27-70  • 
calcium. phosphate  and  carbonate,  72-06  ;  magnesium  phosphate,  0-75;  with  traces  of  iron' 
fluorine,  and  sulphuric  acid.  ' 

(2)  The  enamel  contains  an  organic  proteid  matrix  allied  to  the  substance  of  epithelium  It 
consists  of  3-60  organic  matter  and  96-00  of  calcium  phosphate  and  carbonate,  1-05  ma<^nesium 
phosphate,  with  traces  of  calcium  fluoride  and  an  insoluble  chlorine  compound. 

(3)  The  cement  is  identical  with  bone. 

The  pulp  in  a  fully-grown  tooth  represents  the  remainder  of  the  dental  papilla  around  which 
the  dentine  was  deposited.  It  consists  of  a  very  vascular  indistinctly  fibrillar  connective-tissue 
laden  with  cells.  The  layers  of  cells,  resembling  epithelium,  which  lie  in  direct  contact  \vith 
the  dentine,  are  called  odontoblasts,  i.e.,  those  cells  which  build  up  the  dentine.  These  cells 
send  ofl  long  branched  processes  into  the  dentinal  tubules,  whilst  their  nucleated  bodies  lie 
on  tfle  surface  of  the  pulp,  and  form  connections  by  processes  with  other  cells  of  the  pulp  and 
with  neighbouring  odontoblasts.  Numerous  non-medullated  nerve-fibres  (sensory  from  the 
trigemmus),  whose  mode  of  termination  is  unknown,  occur  in  the  pulp. 

rhe  periosteum  or  periodontal  membrane  of  the  fang  is,  at  the  same  time,  the  alveolar  peri- 
osteum, and  consists  of  connective-tissue  with  elastic  fibres  and  many  nerves. 

r^lmf^^n^^  f-^  S^''"?''  ^"''y  vascular,  and  often  provided  with  long  vascular 

papillae,  which  are  sometimes  compound  & 

wh"o?jSrv,^nf  t  It  begins  at  the  end  of  the  second  month  of  foetal  life.   Along  the 

?ettSm    i  d™-^''''''.^  projecting  bridge  (fig.  168,  a)  composed  of  many  llyers 

and  r  A  depression,  the  dental  groove,  also  filled  with  epithelium,  occurs  in  the  gum, 

and  on  tvlnZr^^Zl  ^««P«'  throughout  its  entire  length 

it  is  fillenith  pWn    1  P^:tf 'I  ^*l^<^,f PP^^rance  of  a  dilated  flask  [h),  while  at  the  same  tim^ 

upon  it  like  a  lonbl  n'..^'   Af.  ^*      ^"^^^^^       P^P^"^  t°  ^^^^"^      ^^^^^l  organ  resting 

o  tL  enamel  or^^^^^^  7'°?  *°  ^^'^  development  of  connective-tissue"  the  parts 

Sadualirthe  on3nt,-?p      between  aud  umtmg  the  individual  dentine  germs,  disappear,^nd 

T^int  ^Pnftrr  1    ?    /i'^'^  ^  tooth-sac  enclosing  the  papilla  and  its  enamel  orgaA  {d). 

are  cvl  ndSl   aV^^^  169,  3)  of  the  enamel  organ,  Ihich  lii  next  the  top  of  the  papiUa 

Tonwr!,  V  •    v®°°™?  calcified  to  form  enamel  prisms.    The  laver  of  cells  of  the 

W  tra'nk™tion  J^^       *°"'^tf  the  tooth-sac  (1),  b^ecomes  flattened  fuses,  uncfergoes  a 
an  nt™^-'-'^      becomes  the  cuticula,  whilst  the  cells  which  lie  between  bothlayers 
cells  Kemurou<,  Sl^9^  they  come  to  resemble  the  branched  stellate 

Thp  Hprfnna  •  f  ^^""'^,^(2)  and  gradually  disappear  altogether, 
dental  mnUla  fwW  f n  t^''       most  superficial  layer  of  thS  projecting  connective-tissue  of  the 
there  (S   lb  ani  175  ^.r^'^^  continuous  layer  of  "odontoblasts  which  occur 

tnere  ^ngs.  169  and  170,  k).    During  the  process,  fibres  or  branches  of  these  cells  are  left 
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unaffected,  and  remain  ns  tlie  fibres  of  Tomes.  Exactly  tlie  same  process  occurs  as  in  the 
formation  of  bone,  the  odontoblasts  forming  around  tliemselves  a  calcified  matrix.  Tlie  cement 
is  formed  from  the  soft  connective-tissue  of  the  dental  alveolus. 

Dentition. — During  the  development  of  tlio  iirst  temporary  or  milk-teeth  a  special  enamel 
organ  (fig.  169,  c)  is  formed  near  these,  but  it  does  not  undergo  development  until  the  milk- 
teeth  are  shed  ;  even  the  papilla  is  wanting  at  lirst.    When  the  permanent  tooth  begins  to 


.....  1., 


Fig.  168.  Fig.  169. 

Fig.  168. — a,  Dental  ridge ;  &,  enamel  organ  ;  c,  beginning  of  the  dentine  germ ;  d,  first  indication 
of  the  tooth-sac.  Fig.  169.— a,  Dental  ridge  ;  6,  enamel  organ  with  (1)  outer  epithelium, 
(2)  middle  stellate  layer,  (3)  enamel  prism-cell  layer  ;  c,  dentine  germ  with  blood-vessels 
and  the  long  osteoblasts  on  the  surface  ;  cl,  tooth-sac  ;  c,  secondary  enamel  germ.  _  Fig. 
170.— a,  Dental  ridge  ;  h,  enamel  organ  ;  c,  dentine  germ  ;  /,  enamel  ;  g,  dentine;  h,  inter- 
val between  enamel  organ  and  the  position  of  the  tooth  ;  Jc,  layer  of  odontoblasts. 

develop,  it  opens  into  the  alveolar  wall  of  the  milk-teeth  from  below.  The  tissue  of  this  dental 
sac  causes  erosion,  or  eating  away  of  the  fang  and  even  of  the  body  of  the  milk-teeth,  without 
its  blood-vessels  undergoing  atrophy.  The  chief  agents  in  the  absorption  are  the  amoeboid  cells 
of  the  granulation  tissue.    [Multinuclear  giant-cells  also  erode  the  fangs  of  the  teeth.] 

Eruption  of  the  Milk-Teeth.  —The  following  is  the  order  in  which  the  twenty  milk-teeth  cut  the 
gum,  i.e.,  from  the  seventh  month  to  the  second  year :— Lower  central  incisors,  upper  central 
fncisors,  upper  lateral  incisors,  lower  lateral  incisors,  first  molar,  canine,  the  second  molars. 

[The  figures  indicate  in  months  the  period  of  eruption  of  each  tooth.] 


Molars. 

Canines. 

Incisors. 

Canines. 

Molars. 

24  12 

18 

9  7  7  9 

18 

24  12 

Line  permanent  teetn  succeea  tne  miuc-teetn,  tue  prucusa  ucgmuing  ^luv^m/  o^c.„,c*.. 
Ten  teeth  in  each  jaw  take  the  place  of  the  milk-teeth,  while  six  teeth  appear  further  back  in 
each  jaw.  Thus  the  total  number  of  permanent  teeth  is  thirty-two.  As  the  sacs,  from  which 
the  permanent  teeth  are  developed,  are  formed  before  birth,  they  merely  undergo  the  same 
process  of  development  as  the  temporary  teeth,  only  at  a  much  later  period.  The  last  of  the 
permanent  molars— the  wisdom-tooth— m&Y  not  cut  the  jaw  until  the  scventcciUli  to  the  twciUy- 
fifth  year.  At  the  sixth  year  the  jaw  contains  the  largest  number  of  teeth,  as  all  the  temporary 
teeth  are  present,  and,  in  addition,  the  crowns  of  all  the  permanent  teeth,  except  the  wisdom- 
teeth,  making  forty-eight  in  all.]  ... 

[Eruption  of  Permanent  Teeth.— The  age  at  whicli  each  tootli  cuts  the  gum  is  given  in  years 

in  the  following  table  :- 


Molars. 

Bicuspid. 

Canines. 

Incisors. 

Canines. 

Bicuspid. 

Molars. 

.17  12 
to    to  6 
25  13 

30  9 

11  to  12 

8  7  7  8 

11  to  12 

9  10 

12  17 
6    to  to 

13  25 

FAction  of  Drugs  on  the  Teetn.— All  the  conditions  tor  putreuiciiou      incou uu  ».i       .^v,  , 

and  when  putrefaction  occurs,  the  products  (often  acid)  attack  the  dentine  and  hasten  its  decay. 
Hence,  the  necessity  for  thorough  daily  cleansing  of  the  teeth  and  mouth.  The  teeth  maj  be 
cleaned  by  means  of  a  soft  tooth-brush  and  water,  with  or  without  the  use  of  any  ot  the 
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numerous  dentifrices,  such  as  powdered  chalk  or  charcoal.  Astringents  such  as  catechu  and 
sSd  tluwc'h'^tubT]       '  ""'^^  ""^^  °"S'i*'  when  taken,  to  be 

155.  MOVEMENTS  OF  THE  TONGUE. -The  tongue,  being  a  muscular 
organ,  and  extremely  mobile,  plays  an  important  part  in  the  process  of  mastica- 
tion :— (1)  It  keeps  the  food  from  passing  from  between  the  molar  teeth.  (2)  It 
forms  into  a  bolus  the  finely-divided  food  after  it  is  mixed  with  saliva.  (3)  When 
the  tongue  is  raised,  the  bolus  lying  on  its  dorsum  is  pushed  backwards  into  the 
pharynx  and  oesophagus. 

The  course  of  the  fibres  is  th.vee{old~lo7iffitudinally,  from  base  to  tip  • 
transversely,  the  fibres  for  the  most  part  proceeding  outwards  from  the  vertically- 
placed  septum  linguEe ;  vertically,  from  below  upwards.  Some  of  the  muscles  are 
confined  to  the  tongue  (intrinsic),  while  others  (extrinsic)  are  attached  beyond  it 
to  the  hyoid  bone,  lower  jaw,  the  styloid  process,  and  the  palate. 

Microscopically,  the  fibres  are  transversely  striated,  with  a  delicate  sarcolemma,  and  very 
often  they  are  branched  where  they  are  inserted  intot  he  mucous  membrane.  The  muscuW 
bundles  cross  each  other  in  various  directions,  and  in  the  interspaces  fat-cells  and  glands  occm 

Changes  in  form  and  position  : — 

(1)  Shortening  and  broadening  by  the  longitudinal  muscle,  aided  by  the  hyo 
glossus.  '  J 

(2)  Elongation  and  narrowing,  by  the  transversus  linguse. 

(3)  The  dorsum  is  rendered  concave  by  the  transversus  and  the  simultaneous  action 
ot  the  median  vertical  fibres. 

(4)  Arching  of  the  dormm  :-(«)  Transversely,  by  the  lowest  transverse  bundles  • 
(6)  longitudinally,  by  the  lowest  longitudinal  muscles. 

(5)  Protrusion,  by  the  genio-glossus,  while  at  the  same  time  the  tongue  usually 
becomes  narrower  and  longer  (2).  °  ^ouanj^ 

thi!ime'?imf ^yo-g^ossus  and  stylo-glossus,  and  (1)  usually  occurring  at 

(7)  Depression  into  the  floor  of  the  mouth,  by  the  hyo-glossus.    The  floor  of  the 
mouth  may  be  made  deeper  by  depressing  the  hyoid  bone 

(8)  Elevation  of  the  tongue  towards  the  palate  :-(«)  At  the  tip  by  the  anterior 

"""^'"''^  ^'V""       ^^^^^^  by  elevating  the  entire  hyo  d  bone 
by  the  mylo-hyoid  {lY  trzgemznus)  ■   c)  at  the  root  by  the  stylo-glossus  and  palato 
glossus  as  weU  as  indirectly  by  the  stylo^hyoid  {F.  facialis)      ^  ^ 
.rP  ^''*r^lj!lovements,t}i^  tip  of  the  tongue  passing  to  the  right  or  left  •  these 
are  caused  by  the  longitudinal  fibres  of  one  side  ' 

^^Zofi::^;^It  onfsTde'The  tif  oftL*r^^^  f  the  hypoglossal.  When  this  nerve  is 
towards  thi  sound  side  because  the  tJnus  of  tL  !!^    ^^''f  "^"'^t'^  i«  directed 

sound  side  slightly.  If  t^e  toncnfe  be  «rL^.Sj  V,°^-P^^''''^y?«l  °"gitinlinal  fibres  shortens  the 
side     This  arlsesLm  the'dtction  Zhe  |ent  SfeSL^r'"'^  """'fy"^ 

wards),  and  the  tongue  follows  the  direction  of  L  act^^n  ^^.p  ^^ 

been  killed  exhibit  fibrillar  contractions  of  kT^^T'  T^^t°"guf  o.f  animals  which  have 
[Stiriing  has  frequently  found°;'^eX.^liai^\\  ^  ^'^y- 

canaf  fr"e  efp^J^^l^^^^^-^T  i'  ""Tf^  movements  of  the  contents  of  the  digestive 
thereby  carried  along.    This  is  the    perisritfct ot^n  "^S 

2  It  T""'  °'  "^"^'^  V  ">e  orbicularis  oris  (A^  facUii) 
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(3)  The  tip,  middle,  and  root  of  the  tongue,  one  after  the  other,  are  pressed 
against  the  hard  palate,  whereby  the  contents  of  the  mouth  are  propelled  towards 
the  pharynx. 

(4)  When  the  bolus  has  passed  the  anterior  palatine  arch  (the  mucus  of  the 
tonsillar  glands  making  it  slippery  again),  it  is  prevented  from  returning  to  the 
mouth  by  the  palato-glossi'  muscles  which  lie  in  the  anterior  pillars  of  the  fauces, 
coming  together  like  two  side-screens  or  curtains,  meeting  the  raised  dorsum  of  the 
tongue  (Stylo-glossus). 

(5)  The  morsel  is  now  behind  the  anterior  palatine  arch  and  the  root  of  the 
tongue,  and  has  reached  the  pharynx,  where  it  is  subjected  to  the  successive  action 
of  the  three  pharyngeal  constrictor  muscles  which  propel  it  onwards.  The  action 
of  the  superior  constrictor  of  the  pharynx  is  always  combined  with  a  horizontal 
elevation  (Levator  veli  palatini ;  if.  facialis)  and  tension  (Tensor  veli  palatini ; 
N.  trigemimis,  otic  ganglion)  of  the  soft  palate.  The  upper  constrictor  presses 
(through  the  pterygo-pharyngeus)  the  posterior  and  lateral  walls  of  the  pharynx 
tightly  against  the  posterior  margin  of  the  horizontal,  tense,  soft  palate,  whereby  the 
margins  of  the  posterior  palatine  arches  (palato-pharyngeus)  are  approximated. 
The  pharyngo-nasal  cavity  is  thus  completely  shut  off,  so  that  the  bolus  cannot  be 
pressed  backwards  into  the  nasal  cavity. 

In  persons  with  congenital  or  acquired  defects  of  the  soft  palate,  or  cleft-palate,  during 
swallowing,  food  passes  into  the  nose.  . 

(6)  Talk  and  Kronecker  assert,  that  by  the  energetic  contraction  of  the  muscles 
which  diminish  the  cavity  of  the  mouth,  especially  the  mylo-hyoid,  the  bolus  is 
"projected"  through  the  pharynx  and  oesophagus.  [They  even  assert  that  the 
bolus  reaches  the  cardia  before  even  the  musculature  of  the  pharynx  or  oesophagus 
can  contract,  and  further  that  the  pharyngeal  muscles  of  a  dog  may  be  divided 
without  making  swallowing  impossible.]  If  we  make  a  series  of  efforts  to  swallow, 
one  after  the  other,  as  in  drinking,  contraction  of  the  pharynx  and  oesophagus  takes 
place  only  after  the  last  effort.  Thus  each  new  act  of  deglutition  in  the  mouth 
inhibits  (by  stimulation  of  the  glosso-pharyngeal  nerve)  the  movements  in  the  parts 
.of  the  oesophageal  tube  situated  below  it. 

(7)  The  bolus  is  propelled  onwards  by  the  successive  contraction  of  the  upper, 
middle,  and  lower  constrictors  of  the  pharynx  until  it  passes  into  the  oesophagus. 
At  the  same  time  the  entrance  to  the  glottis  is  closed,  else  the  morsel  would  pass 
into  the  larynx,  or,  as  is  generally  said,  would  "  pass  the  wrong  way." 

Duration  —According  to  Meltzer  and  Kronecker,  the  duration  of  deglutition  in  the  mouth 
is  0-3  sec:  then  the  constrictors  of  the  pharynx  contract  0-9  sec;  afterwards,  the  upper  part 
of  the  oesophagus  ;  then  after  1-8  sec.  the  middle  ;  and  after  another  3  sec.  the  lower  constrictor. 
The  closure  of  the  cardia,  after  the  entrance  of  the  bolus  into  the  stomach,  is  the  final  act  in  the 
total  series  of  movements.  ,  ,  ^  ^  i  j    •  *  „f 

Sounds  during  Deglutition.— If  the  region  of  the  stomach  he  auscultated  during  the  act  ot 
swaUowing,  two  sounds  may  be  heard;  the  first  one  is  produced  when  the  bolus  is  projected  into 
the  stomach  ;  the  second  occurs  when  the  peristalsis,  which  takes  place  at  the  end  ot  swallow- 
ing; squeezes  the  contents  of  the  ojsophagus  through  the  cardia  {McUzcr  Zenker  Eicald).  [ine 
latter  occurs  4-5  mins.  afterwards.  In  man,  when  water  alone  is  swallowed,  there  is  no  sound 
but  when  it  is  mixed  with  air  there  is,  and  it  is  generally  heard  because  an-  is  usually  swallowea 
with  the  food  or  drink  {Quincke).'\ 

The  closure  of  the  glottis  is  effected  in  the  following  manner  -.—(a)  The  whole 
larynx— the  lower  jaw  being  fixed— is  r&isQdi  upwards  and  forwards,  while  at  the 
same  time  the  root  of  the  tongue  hangs  over  it.  The  hyoid  bone  is  raised  forwards 
and  upwards  by  the  genio-hyoid,  anterior  belly  of  the  digastric,  and  mylo-hyoid  , 
the  larynx  is  approximated  close  to  the  hyoid  bone  by  the  thyro-hyoid.  (6)  \\hen 
the  larynx  is  raised,  so  that  it  comes  to  lie  below  the  overhanging  root  of  the 
tongue  the  epiglottis  is  pressed  downwards  over  the  entrance  to  the  g  ottis,  ana 
the  bolus  passes  over  it.    The  epiglottis  is  also  pulled  down  by  the  special  muscular 
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fibres  of  the  reflector  epiglottidis  and  aryepiglotticus.  (c)  The  closure  of  the  glottis 
by  the  constrictors  of  the  larynx  also  prevents  the  entrance  of  substances  into  the 
larynx  (§313,  II.  2). 

Injury  to  the  Epiglottis.— Intentional  injury  of  the  epiglottis  in  animals,  or  its  destruction 
in  man,  may  cause  fluids  to  "go  the  wrong  way,"  i.e.,  into  tlie  glottis,  whilst  solid  food  can  be 
swallowed  without  disturbance.  In  dogs,  coloured  fluids  placed  on  the  root  of  the  tongue  have 
been  observed  to  pass  directly  into  the  pharynx  without  coming  into  contact  with  it,  so  as  to 
tinge  the  upper  surface  of  the  epiglottis  {Macjcndie).  [The  basis  of  the  epiglottis 'is  yellow 
elastic  cartilage,  so  that  it  sliows  no  tendency  to  ossify,  and  always  retains  its  elasticity  (§  313).] 

In  order  that  the  descending  bolus  may  be  prevented  from  carrying  the  pharynx 
with  it,  the  stylo-pharyngeus,  salpingo-pharyngeus,  and  baseo-pharyngeus  contract 
upwards  when  the  constrictors  act. 

Nervous  Mechanism.— Deglutition  is  voluntary  only  during  the  time  the  bolus 
is  in  the  mouth.  When  the  food  passes  through  the  palatine  arch  into  the  gullet 
the  act  becomes  involuntary,  and  is,  in  fact,  a  well-regulated  reflex  action.  When 
there  is  no  bolus  to  be  swallowed,  voluntary  movements  of  deglutition  can  be 
accomplished  only  within  the  mouth ;  the  pharynx  only  takes  up  the  movement, 
provided  a  bolus  (food  or  saliva)  mechanically  excites  the  reflex  act.  The  afferent 
nerves,  which,  when  mechanically  stimulated,  excite  the  involuntary  act  of  degluti- 
tion, are,  the  palatine  branches  of  the  trigeminus  (from  the  spheno-palatine  gang- 
lion) and  the  pharyngeal  branches  of  the  vagus.  The  centre  for  the  nerves°  con- 
cerned (for  the  striped  muscles)  lies  in  the  superior  olives  of  the  medulla  oblongata. 
Swallowing  can  be  carried  out  when  a  person  is  unconscious,  or  after  destruction 
of  the  cerebrum,  cerebellum,  and  pons  (§  367,  6).  [Even  in  the  deep  coma  of  alco- 
holism, the  tube  of  a  stomach-pump  is  carried  into  the  stomach  reflexly,  provided 
the  surgeon  passes  it  back  into  the  pharynx.]  The  nerves  of  the  pharynx  are  de- 
rived from  the  pharyngeal  plexus,  which  receives  branches  from  the  vagus,  glosso- 
pharyngeal, and  sympathetic  (§  362,  4). 

Within  the  oesophagus,  whose  stratified  epithelium  is  moistened  with  the  mucus 
derived  from  the  mucous  glands  in  its  walls,  the  downward  movement  is  involun- 
tary and  depends  upon  a  complicated  reflex  movement  discharged  from  the  centre 
for  deglutition.  There  is  a  peristaltic  movement  of  the  outer  longitudinal  and 
inner  circular  non-striped  muscular  fibres. 

fnifa^^fo^P^''^^'"*  ?f  tl^e  oesophagus,  which  contains  striped  muscular  fibres,  the  peristalsis 
takes  place  more  quickly  than  m  the  lower  part.  The  movements  of  the  oesopha^s  never 
occur  independently  but  are  always  the  continuation  of  a  foregoing  act  of  deglutition.^  If  food 
llZltT^^"  oesophagus  through  a  hole  in  its  wall,  there  it  lies  ;  and  it  is  only  carried 
fenXof  thp'r      I  t°  i«  n^ade.    The' peristalsis  extends  along  the  whole 

i  d£  bp  ?i.w  '^"''n ''"^  ^^^"^  It  is  ligatured  or  when  a  part  of  it  is  removed  {Mosso).  If 
Iw^  ,t  i   °  swallow  a  piece  of  flesh  tied  to  a  string,  so  that  the  flesh  goes  ha  fwav 

frLX"«ft^5.'"'  be  withdrawn,  the  peristalsis  still  passes^ownwS 

wif       "^^"^^  °^       CEsophagus  is  the  vagus  (not  the  accessory  fibres)  [cesophacreal  whose 

S^clifficult    ^      ^  dimmished,  as  in  Valsalva's  experiment  (§  60),  deglutition  is  rendered 

the^SLbmtv^fTie  "''•^  stomach  of  the  frog  become  more  excitable,  i.e., 

spinaf  cord  or  both  v.H         f  1^^''''T  ^^^"^      increased,  when  the  brain  and 

stimulatron   while  ^"^^''^yf-    These  organs  contract  energetically  after  slight 

peSlsis  '  Females  fnrl  Zt'l''^''^'^^  "'7°"'  ^Y^t^mis  intact,  swallmv  fluids  simplv'by 
Safi  asmodTc  contTaiinr^^^^  '"''^  «/^tt«ri"g  from  hysteria,  not  unfretiuentfy  have 
both  va^  irthe  dorScS  o^Lrv?  (globus  hystericus).    Aftir  section  of 

Effect  on  Circidalon     1^^^^^  r^^^  contraction  of  the  cesophagus. 

preslitre  ilus  tKtp^;irv  '  T  ''^''^'•t'^  ^'^tion  is  accelerated,  the  blood- 

Leon)  are  inhibited  diminishes,  while  many  movements  (labour  pains, 

uon;  are  inhibited.    These  eff-ects  are  brought  about  rellexly  {Kroncckcr  and  Mcltzer,  §  369) 
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[Stnicture  of  the  CEsopliaguB. — Tlie  walls  of  the  oesophagus  arc  composed  of  four  coata— 
mucous,  sub-inucous,  muscular,  ami  iibrons  (fig.  171). 

(1)  Tlu!  mucous  coat  is  firm,  aud  is  thrown  into  longitudinal  folds,  which  disappear  when  the 
tube  is  distoudcd.  It  is  lined  by  several  layers  of  stratilied  squamouB  epitheliiun.  The 
membrane  itself  is  composed,  especially  at  its  inner  part,  of  dense  fibrous  tissue,  wliicli  projects, 
iu  the  form  of  papillre,  into  the  stratified  epithelium.  The  papilliu  are  present  in  the  child,  but 
aro  largest  iu  olil  people.  At  its  outer  part  is  a  continuous  longitudinal  layer  of  non-striped 
muscle,  the  muscularis  mucosro.  The  layer  consists  of  small  bundles  of  non-striped  muscle 
separate  from  each  other, 

(2)  The  Bub-mucouB  coat  is  thicker  than  the  foregoing,  and  consists  of  loose  connective- 
tissue,  with  the  acini  of  small  luucous  glands  imbedded  in  it.  The  ducts  pierce  the  muscularis 
mucosa!  to  open  on  the  inner  surface  of  the  tube. 

(3)  The  musciilar  coat  consists  of  an  inner,  thicker,  circular,  and  an  outer,  thinner,  longi- 
tudinal layer  of  non-striped  muscle,  commencing  on  a  level  with  the  cricoid  cartilage.  In  man 
the  upper  third  of  the  gullet  consists  of  striped  muscular  fibres,    (4)  Outside  the  muscular  coat 
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Transverse  section  of  part  of  the  oesophagus. 

is  a  layer  of  fibrous  tissue  with  elastic  fibres.  The  structure  of  the  muscular  coat  of  the 
oesophagus  varies  much  iu  different  animals.  In  the  rabbit,  in  the  first  quarter  of  its  length, 
it  has  two  layers,  but  below  this  there  are  three  layers,  i.e.,  a  circular  between  an  outer  and  an 
inner  longitudinal  layer,  while  the  non-striped  fibres  are  confined  to  the  lowest  quarter  of  the 
tube.  ]  ... 

[Nerve-Plexuses.— As  in  the  intestine,  there  are  two  plexuses  of  nerves  with  ganglia;  one  m 
the  sub-mucous  coat  {Ueissnefs)  and  the  other  between  the  two  muscular  coats  (Aucrbcuh's), 
which  are  continuous  with  those  in  the  stomach  and  intestine.  Blood-vessels  and  numerous 
lymphatics  lie  in  the  mucous  and  sub-mucous  coats.  ] 

157.  MOVEMENTS  OF  THE  STOMACH.— Position.— When  the  stomach 
is  empty,  the  great  curvature  is  directed  downwards  and  the  lesser  upwards  ;  but 
when  the  organ  is  full,  it  rotates  on  an  axis  running  horizontally  through  the 
pylorus  and  cardia,  so  that  the  great  curvature  appears  to  be  directed  to  the  front 
and  the  lesser  backwards. 

■  Arrangement  of  the  Muscular  Fibres.— The  non-striped  muscular  fibres  of  the  stomach  are 
arranged  in  three  directions  or  layers,  an  outer  longitudinal  continuous  with  those  of  the 
oesophagus.  This  layer  is  best  developed  along  the  curvatures,  csjiecially  the  lesser.  At  the 
pylorus  the  fibres  form  a  thick  layer,  and  become  continuous  with  the  longitudinal  libres  ot  the 
duodenum.  The  circular  fibres  form  a  complete  layer  ;  at  the  pylorus  they  arc  more  numerous, 
and  constitute  the  sphincter-muscle  or  pyloric  valve  ;  whilst  at  the  cardia  (inlet),  such  a 
muscular  ring  is  absent.    Tlie  innermost  oblique  or  diagonal  layer  is  complete. 

The  Movements  of  the  Stomach  arc  of  two  kinds  :— (1)  The  rotatory  or  churn- 
ing movements,  whereby  the  parts  of  the  wall  of  the  stomach  in  contact  with  the 
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contents  glide  to  and  fro  with  a  slow  rubbing  movement,  Sucli  movements  seem 
to  occur  periodically,  every  period  lasting  several  minutes  {Becmmont).  By  these 
movements  the  contents  are  moistened  with  the  gastric  juice,  while  the  masses  of 
food  are  partly  broken  down.  The  formation  of  hair-balls  in  the  stomach  of  dogs 
and  oxen  indicates  that  such  rotatory  movements  of  the  contents  of  the  stomach 
take  jilace.  (2)  The  other  kind  of  movement  consists  in  a  periodically  occurring 
peristalsis,  whereby,  as  with  a  push,  the  first  dissolved  portions  of  the  contents  of 
the  stomach  are  forced  into  the  duodenum.  They  begin  after  a  quarter  of  an  hour, 
and  recur  until  about  five  hours  after  a  meal.  This  peristalsis  is  most  pronounced 
towards  the  pyloric  end,  and  the  muscles  of  the  pyloric  sphincter  relax  to  allow  the 
contents  to  pass  into  the  duodenum.  According  to  Kiidinger,  the  longitudinal 
muscular  fibres,  when  they  contract,  especially  vrhen  the  pyloric  end  is  filled,  may 
act  so  as  to  dilate  the  pylorus. 

Gizzard. — The  strongly  muscular  walls  of  the  stoniach  of  grain-eating  birds  efifeet  a  tritura- 
tion of  the  food.  The  older  physiologists  found  that  glass  balls  and  lead  tubes,  which  could 
be  compressed  only  by  a  weight  of  40  kilos.,  were  broken  or  comjiressed  in  the  stomach  of 
a  turkey. 

Influence  of  Nerves. — [The  stomach  is  supplied  by  the  vagi  and  by  the  sympa- 
thetic, the  right  vagus  being  distributed  to  the  posterior  surface,  and  the  left  to  the 
anterior  surface,  of  the  organ.]    Auerbach's  gang-lionic  plexus  of  nerve-fibres  and 
nerve-cells,  which  lies  between  the  muscular  coats  of  the  stomach,  must  be  regarded 
as  its  proper  motor  centre,  and  to  it  motor  impulses  are  conducted  by  the  vagi. 
Section  of  botll  vagi  does  not  abolish,  but  it  diminishes  the  movements  of  the 
stomach.'   The  muscular  fibres  of  the  cardia  may  be  excited  to  action,  or  their 
action  inhibited  by  fibres  which  run  in  the  vagus  (Nn.  constrictores,  et'  dilatator 
cardige).    [If  the  vagi  be  divided  in  the  neck,  there  is  a  short  temporary  spasmodic 
contraction  of  the  cardiac  aperture.    On  stimulating  the  peripheral  end  of  the  va^^us 
with  electricity,  after  a  latent  period  of  a  few  seconds,  the  cardiac  end  contracts, 
more  especially  if  the  stomach  be  distended,  but  the  movements  are  slight  if  the 
stomach  be  empty.    In  curarised  dogs,  the  pylorus  contracts  with  varying  inten- 
sity, and  irregularly  whether  the  vagi  and  splanchnics  be  intact  or  divided. 
Stimulation  of  the  vagi  in  the  neck  causes  contraction  of  the  pylorus,  when  the 
latent  period  may  be  seven  seconds.    Stimulation  of  the  splanchnics  in'the  thorax 
arrests  the  spontaneous  pyloric  contractions,  the  left  splanchnic  being  more  active 
than  the  right  {Oser).'\ 

Local  electrical  stimulation  of  the  surface  of  the  stomach  causes  circular  constrictions 
ot  the  organ  which  disappear  very  gradually,  while  the  movement  is  often  propagated  to 
other  parts  of  the  gastric  wall.  When  heated  to  25°  C,  the  excised  empty  stomach  exhibits 
movements  Injury  to  the  pedunculi  cerebri,  optic  thalamus,  medulla  oblongata,  and  even  to 
the  cerrical  part  of  the  spmal  cord,  according  to  SchifF,  causes  paralysis  of  the  vessels  of  certain 
areas  ot  the  stomach,  resulting  m  congestion  and  subsequent  hajmorrhage  into  the  mucous 
membrane  [It  is  no  uncommon  occurrence  to  find  hemorrhage  into  the  gastric  mucous  mem- 
brane  of  rabbits,  after  they  have  been  killed  by  a  violent  blow  on  the  head  ] 

[Actionof  Drugs.— The  automatic  centres  are  excited  by  emetin,  apomorphin,  tartar  emetic 
vhilcmuscarm  causes  general  contraction  of  the  stomach.    The  activity  of  the  automatic  centres 

ne^^Tndtngs  (ilSy  "^"^^  '^''^"^^^  ^"^'^^^^^  °f 

158.  VOMITING.— Mechanism.— Vomiting  is  caused  by  contraction  of  the 
walls  of  the  stomach,  the  pyloric  sphincter  being  closed.  It  occurs  most  readily 
when  the  stomach  is  distended— (dogs  usually  greatly  distend  the  stomach  by 
swallowmg  air  before  they  vomit) ;  it  readily  occurs  in  infants,  in  whom  the 
cul-de-sac  at  the  cardia  is  not  developed.  It  is  quite  certain  that  in  children 
vomiting  occurs  through  contraction  of  the  walls  of  the  stomach,  without  the 
spasmodic  action  of  the  abdominal  walls.  When  vomiting  is  violent,  the 
abdominal  muscles  act  energetically.  [The  act  of  vomiting  is  generally  preceded 
by  a  feelmg  of  nausea,  and  usually  there  is  a  rush  of  saliva  into  the  mouth 
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caused  by  a  reflex  stimulation  of  afferent  fibres  in  the  gastric  branches  of  the 
vagus,  the  efferent  nerve  for  the  secretion  of  saliva  being  the  chorda  tympani. 
After  this  a  deep  inspiration  is  taken,  and  the  glottis  closed,  so  that  the  diaphragm 
is  firmly  pressed  downwards  against  the  abdominal  contents,  and  it  is  kept  con- 
tracted ;  the  lower  ribs  are.  pulled  in.  The  diaphragm  being  kept  contracted  and 
the  glottis  closed,  a  violent  expiratory  effort  is  made,  so  that  the  contraction  of  the 
abdominal  muscles  acts  upon  the  9,bdominal  contents,  the  stomach  being  forcibly 
compressed.  The  cardiac  orifice  is  opened  at  the  same  time,  and  the  contents  of 
the  stomach  are  ejected.  The  chief  agent  seems  to  be  the  abdominal  compression, 
but  the  walls  of  the  stomach  also  help,  though  only  to  a  slight  extent.] 

The  contraction  of  the  walls  of  the  stonia(!h,  which  causes  a  general  diminution  of  the  ga.stric 
cavity,  is  not  a  true  anti-peristalsis,  as  can  be  seen  in  the  stomach  when  it  is  exposed.  The 
eardia  is  opened  by  the  longitudinal  muscular  fibres,  which  pull  towards  the  lower  orifice  of  the  . 
{esophagus,  so  that  when  the  stomach  is  full  they  must  act  as  dilators.  The  act  of  vomiting  is 
preceded  by  a  ructus-like  dilating  movement  of  the  intra-thoracic  part  of  the  cesophagus,  which 
is  caused  thus  :— The  glottis  is  closed,  inspiration  occurs  suddenly  and  violently,  whereby  the 
cesophagus  is  distended  by  gases  proceeding  from  the  stomach.  The  larynx  and  hyoid  bone,  by 
the  combined  action  of  the  genio-hyoid,  stemo-hyoid,  sterno-thyroid,  and  thyro-hyoid  muscles,  are 
forcibly  pulled  forwards,  so  that  the  air  passes  from  the  pharynx  downwards  into  the  upper 
section  of  the  oesophagus.  If  the  abdominal  walls  contract  suddenly,  and  if  this  sudden  impulse 
be  aided  by  the  movements  of  the  stomach  itself,  the  contents  of  the  stomach  are  forced  out- 
wards. During  continued  vomiting,  antiperistalsis  of  the  duodenum  may  occur,  whereby  bile 
passes  into  the  stomach,  and  becomes  mixed  with  its  contents. 

Children,  in  whom  the  fundus  is  absent,  vomit  more  easily  than  adults.    [In  them  also  the 
nervous  system  is  more  excitable.] 

Influence  of  Nerves.— The  centre  for  the  movements  concerned  in  vomiting 
lies  in  the  medulla  oblongata,  and  is  in  relation  with  the  respiratory  centre,  as 
is  shown  by  the  fact  that  nausea  may  be  overcome  by  rapid  and  deep  respirations. 
In  animals,  vomiting  may  be  inhibited  by  vigorous  artificial  respiration.  On 
the  other  hand,  the  administration  of  certain  emetics  prevents  the  occurrence  of 
apnoea. 

In  vomiting,  the  afferent  impulses  may  be  discharged  from  (1)  the  mucous 
membrane  of  the  soft  palate,  pharynx,  root  of  the  tongue  {glosso-pliaryngeal  nerve), 
as  in  tickling  the  fauces  with  the  finger ;  (2)  the  nerves  of  the  stomach  {vagics  and 
sympathetic) ;  (3)  stimulation  of  the  uterine  nerves  (pregnancy) ;  (4)  the  meseittenc 
nerves  (inflammation  of  the  abdomen  and  hernia);  (5)  nerves  of  the  urmary 
apparatus  (passing  a  renal  calculus) ;  (6)  nerves  to  the  liver  and  gall-duct  {vagus) ; 
(7)  nerves  to  the  lungs  in  phthisis  {vagus).  Vomiting  is  also  produced  by  direct 
stimulation  of  the  vomiting  centre.  [The  efferent  impulses  are  carried  by  the 
phrenics  (diaphragm),  vagus  (oesophagus  and  stomach),  and  intercostals  (abdominal 

muscles).]  ,         ,  i  x, 

Vomiting,  produced  by  the  thought  of  something  disagreeable,  appears  to  be  caused  by  the 
conduction  of  the  excitement  from  the  cerebrum  to  the  vomiting  centre.  [It  may  also  be  excited 
through  the  hrain  by  a  disagi-eeable  smell,  shocking  sight,  or  by  other  impressions  on  the  nerves 
of  special  sense.]  Vomiting  is  very  common  in  diseases  of  the  brain  [tubercle,  inflammation, 
h£emorrhage].    Section  of  both  vagi  generally,  but  not  always,  prevents  vomiting.  _ 

Emetics  act  (1)  partly  bv  mechanically  or  chemically  stimulating  the  ends  of  the  centnpeta 
(alTerent)  nerves  of  the  mucous  membrane.  [These  are  local  emetics.  ]  Tickling  the  fauces  touch- 
in"  the  surface  of  the  exposed  stomach  (dog)  ;  and  many  chemical  emetics,  e.g.,  mustard,  cupnc 
an^  zinc  sulphate,  and  other  metallic  salts,  act  in  this  way.  (2)  Other  substances  cause  vomiting 
when  they  are  introduced  into  the  blood  (without  being  first  introduced  into  the  stomach),  ami 
act  directly  upon  the  vomiting  centre,  e.g.,  apomorphin.  [These  are  general  emetics.]  (6) 
Lastlv  there  are  some  substances  which  act  in  both  ways,  e.g.,  tartar  emetic.  Emetics  may  also 
remove  mucus  from  the  lungs,  and  in  this  case  it  is  probable  that  the  emetic  acts  "pon  the 
respiratory  centre,  and  so  favours  the  respirations.  The  general  emetics  usually  create  con- 
sSemble  ipressimi,  while  the  vomiting  lasts  longer  than  with  local  emetics.  The  former 
increase  the  salivary,  gastric,  and  respiratory  secretions.  «■   j-  „ 

fuses  of  Emetics.-Emetics  are  useful  not  only  for  removing  from  the  stomach  any  offending 
body  be  it  a  poison  or  the  products  of  imperfect  or  perverted  gastric  digestion,  or  b'le  ™» 
hS  passed  ba?k  into  the  stomach,  but  foreign  bodies  impacted  in  the  ce-sophagus  may  be  got 
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rid  of  on  exciting  vomiting  by  tlie  subcutaneous  injection  of  apomorphin.  As  tlie  diaphragm 
contracts  vigorously  during  vomiting,  it  compresses  the  liver,  and  thus  bile  is  expelled  into  the 
duodenum,  or  the  passage  of  n-  small  calculus  along  the  bile-duct  may  be  aided.  They  also  are 
useful  in  removing  mucus  or  false  membranes  from  tiie  respiratory  passages.  ] 

[Anti-Emetics. — Vomiting  may  be  allayed  by  local  anti-emetics  such  as  ice,  and  many  chemical 
substances  such  as  bismuth,  hydrocyanic  acid,  opium,  and  morphia,  as  well  as  by  general 
remedies  which  act  on  the  vomiting  centre.  Some  of  the  foregoing  drugs  perhaps  act  both 
locally  and  generallj'.] 

Vomiting  is  analogous  to  the  process  of  rumination  in  animals  that  chew  the  cud  (§  187). 
Some  persons  can  empty  their  stomach  in  this  way. 

159.  MOVEMENTS  OF  THE  INTESTINE.— Peristalsis.— The  best  example 
of  peristaltic  movements  is  afforded  by  the  small  intestine ;  the  progressive 
narrowing  of  the  tube  proceeds  from  above  downwards,  thus  propelling  the 
contents  before  it.  Frequently  after  death,  or  when  air  acts  freely  upon  the  gut, 
the  peristalsis  develops  at  various  parts  of  the  intestine  simultaneously,  whereby 
the  loops  of  intestine  present  the  appearance  of  a  heap  of  worms  creeping  amongst 
each  other.  The  advance  of  new  intestinal  contents  again  increases  the  movement. 
In  the  large  intestine,  the  movements  are  more  sluggish  and  less  extensive.  The 
peristaltic  movements  may  be  seen  and  felt  when  the  abdominal  walls  are  very 
thin,  and  also  in  hernial  sacs.  They  are  more  lively  in  vegetable  feeders  than  in 
carnivora.  The  peristalsis  is  perhaps  conducted  directly  through  the  muscular 
substance  itself,  as  in  the  heart  and  ureter.  The  movements  of  the  stomach  and 
intestine  cease  during  sleep  (Bicsch). 

[Rate  of  Motion.— In  a  Thiry-Velly  fistula  (§  183,  II.)  Fubini  estimated  the  rate  of  motion  of 
a  smooth  sphere  of  sealing-wax.  It  took  55  sec.  to  travel  1  ctra.  [|  in.] ;  an  induction-current 
greatly  increases  the  motion,  to  1  ctm.  in  10  seconds;  XaCl  does  not  affect  it,  but  excites 
secretion  ;  laudanum  paralyses  it.] 

Method  of  Observation. —Open  the  abdomen  of  an  animal  under  a  '6  per  cent,  saline  solution 
to  prevent  the  exposure  of  the  gut  to  air  {Sanders  and  Braam-Houckgeest). 

The  ileo-colic  valve,  as  a  rule,  prevents  the  contents  of  the  large  intestine  from 
passing  backwards  into  the  small  intestine. 

When  fluid  is  slowly  introduced  into  the  rectum  through  a  tube,  it  passes  upwards  into  the 
intestine,  and  even  goes  through  the  ileo-colic  valve  into  the  small  intestine.  Muscarin  excites 
very  lively  peristalsis  of  the  intestines,  which  may  be  set  aside  by  atropin  {Schmiedeberg  and 
Koppe). 

Pathological.— When  any  condition  excites  an  acute  inflammation  of  the  intestinal  mucous 
membrane,  catarrh  is  rapidly  produced,  and  very  strong  conti-actions  of  the  inflamed  parts  filled 
with  food  take  place.  When  these  parts  of  the  gut  become  empty,  the  movements  are  not 
stronger  than  normal.  If  new  material  passes  into  .the  inflamed  part,  the  peristalsis  recurs, 
becomes  more  lively  than  normal,  and  the  result  is  diarrhrea  (Nothnagel).  Sometimes  a  greatly 
contracted  part  of  the  small  intestine  is  pushed  into  the  piece  of  gut  directly  continuous  with  it, 
giving  rise  to  invagination  or  intussusception. 

Anti-peristalsis,  i.e.,  a  movement  which  travels  in  an  upward  direction  towards  the  stomach, 
does  not  occur  normally.  This  has  been  inferred  from  the  fact,  that  in  cases  where  the  intestine 
IS  occluded,  called  ileus,  ftecal  matter  is  vomited.    Nothnagel's  experiments  throw  doubts  upon 

.tV^,^'  *^s^he  failed  to  observe  anti-peristalsis  in  cases  where  the  intestine  was  occluded 
artihcially.  The  frecal  odour  of  the  ejecta  may  result  from  the  prolonged  retention  of  the 
material  within  the  small  intestine. 

,  160.  EXCRETION  OF  F^CAL  MATTER.-The  contents  of  the  small 
intestine  remam  in  it  about  three  hours,  and  about  twelve  hours  in  the  large 
intestine,  where  they  become  less  watery,  and  they  assume  the  characters  of 
tseces,  become  "formed"  in  the  lower  part  of  the  great  intestine.  The  f.^ces  are 
gradually  carried  along  by  the  peristaltic  movement,  until  they  reach  a  point  a 
little  above  that  part  of  the  rectum  which  is  surrounded  by  both  sphincters,  the 
internal  sphincter  consisting  of  non-striped,  and  the  external  of  striped  muscle. 

immediately  after  the  expulsion  of  the  faeces  the  external  sphincter  (fig.  172,  S, 
and  hg.  173)  usually  contracts  vigorously,  and  remains  so  for  some  time.  After- 
wards it  relaxes,  when  the  elasticity  of  the  parts  surrounding  the  anal  opening 
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particularly  of  the  two  sphincters,  suffices  to  keep  the  anus  closed.  In  the  interval 
between  two  evacuations,  there  does  not  seem  to  be  a  continued  tonic  contraction 
of  the  sphincters.  As  long  as  the  fteces  lie  above  the  rectum,  they  do  not  excite 
any  conscious  sensations,  but  the  sensation  of  requiring  to  go  to  stool  occurs  when 
the  fecces  pass  into  the  rectum.  At  the  same  time,  the  stimulation  of  the  sensory 
nerves  of  the  rectum  causes  a  reflex  excitement  of  the  sphincters.  The  centre  for 
these  movements  (Budge's  centrum  anospinale)  lies  in  the  lumbar  region  of  the 
spinal  cord  (§  362) ;  in  the  rabbit  between  the  sixth  and  seventh,  and  in  the  dog 
at  the  fifth  lumbar  vertebra  (Masius). 

In  animals  whose  spinal  cord  is  divided  above  tlie  centre,  a  slight  touch  in  the  region  of  the 
anus  causes  this  orifice  to  contract,  but  after  this  lively  reflex  contraction,  the  sphincters  relax 
agaui,  and  the  anus  may  remain  open  for  a  time.  Tliis  occurs  because  the  voluntary  impulses 
which  proceed  from  the  brain  to  ^, cause  the  contraction  of  the  external  sphincter  are  absent. 


Fig.  172. 

The  perinaeum  and  its  muscles.  1,  anus;  2,  coccyx;  3,  tuberosity;  4,  sciatic  ligament;  5. 
cotyloid  cavity  ;  B,  bulbo-cavernosus  muscle  ;  Ts,  superlicinl  trausverse  perineal  muscle  : 
F,  fascia  of  the  deep  transverse  perineal  muscle  ;  J,  ischio-cavernosus  muscle  ;  il,  obturator 
internus  ;  S,  external  anal  sphincter  ;  L,  levator  ani ;  P,  pyriformis. 

Lnndois  observed  that  in  dogs  with  the  posterior  roots  of  their  lower  lumbar  and  sacral  nerves 
divided,  the  anus  remained  open,  and  not  unfrequently  a  mass  of  fa;ces  remained  half  ejected. 
As  the  sensibility  of  the  rectum  and  anus  was  abolished  in  these  animals,  the  sphincters  could 
not  contract  rellexly,  nor  could  there  bo  any  voluntary  contraction  of  the  sphincters,  the  result 
of  sensory  impulses  from  the  rectum. 

The  external  sphincter  can  be  contracted  voluntarily,  like  any  voluntary  muscle, 
but  the  closure  of  the  anus  can  only  be  effected  up  to  a  certain  degree.  When 
the  pressure  from  above  is  very  great,  the  energetic  peristalsis  at  last  overcomes 
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the  strongest  voluntary  impulses.  Stimulation  of  the  peduncles  of  the  cerebrum  and 
of  the  spinal  cord  below  this  point  causes  contraction  of  the  external  sphincter. 

Defaecation. — The  evacuation  of  the  fteces,  vi^hich  in  man  usually  occurs  at 
certain  times,  begins  with  a  lively  peristalsis  of  the  large  intestine,  which  passes 
downwards  to  the  rectum.  In  order  that  the  mass  of  fcieces  may  not  excite  reflexly 
the  sphincter-muscles,  in  consequence  of  mechanical  stimulation  of  the  sensory 
nerves  of  the  rectum,  there  seems  to  be  a  centre  which  inhibits  the  reflex  action 
of  the  sphincters,  which  is  called  into  play,  owing,  as  it  appears,  to  voluntary 
impulses.     Its  seat  is  in  the  brain,  perhaps  in  the  optic  thalami.    When  this 


Fig.  173. 

Levator  ani  and  sphincter  ani  externus. 

inhibitory  apparatus  is  in  action,  the  faecal  mass  passes  through  the  anus,  without 
causing  It  to  close  reflexly.  The  strong  peristalsis  which  precedes  defalcation  can 
be  aided,  and  to  a  certain  degree  excited,  by  rapid  voluntary  movements  of  the 
external  sphincter  and  levator  ani,  whereby  the  plexus  myentericus  of  the  large 
intestine  is  stimulated  mechanically,  thus  causing  lively  peristaltic  movements  in 
the  large  intestme.  The  expulsion  of  the  faeces  is  also  aided  by  the  pressure  of 
the  abdominal  muscles,  and  most  efficiently  when  a  deep  respiration  is  taken,  so 
as  to  hx  the  diaphragm,  whereby  the  abdominal  cavity  is  diminished  to  the 
greatest  extent.  The  soft  parts  of  the  floor  of  the  pelvis,  during  a  strong  effort  at 
stool  are  driven  downwards  in  the  form  of  a  cone,  causing  the  mucous  membrane 
01  the  anus,  which  contains  much  venous  blood,  to  be  everted.  The  function  of 
the  levator  am  (figs.  172,  173)  is  to  raise  voluntarily  the  soft  parts  of  the  floor  of 
ine  pelvis,  and  to  pull  the  anus  to  a  certain  extent  upwards  over  the  descending 
isecai  mass.    At  the  same  time,  it  prevents  the  distension  of  the  pelvic  fascia.  As 
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the  fibres  of  both  levatores  converge  below,  and  become  united  with  the  fibres  of 
the  external  sphincter,  they  aid  the  latter,  during  energetic  contraction  of  the 
sphincter ;  or,  as  Hyrtl  put  it,  the  levatores  are  related  to  the  anus,  like  the  two 
cords  of  a  tobacco  pouch.  During  the  periods  between  the  evacuation  of  the  gut 
the  faaces  appear  only  to  reach  the  lower  end  of  the  sigmoid  flexure.  As  a  rule 
from  thence  downwards,  the  rectum  is  normally  devoid  of  faeces.  It  seems  that 
the  strong  circular  fibres  of  the  muscular  coat,  which  Ndlaton  has  called  sphincter 
am  tertius,  when  they  are  well  developed,  contract  and  prevent  the  entrance  of 
the  fieces.    When  the  tendency  to  the  evacuation  of  the  rectum  is  very  pressing, 


Fig.  174. 

Auerbach's  plexus  shown  in  section  (human),    a,  ganglionic  cells  ;  h,  nerve  fibres  ; 
c,  section  of  the  circular  muscular  fibres  ;  d,  longitudinal  muscular  fibres. 

the  anus  may  be  closed  more  firmly  from  without,  by  energetically  rotating  the 
thigh  outwards,  and  contracting  the  muscles  of  the  gluteal  region. 

161.  CONDITIONS  INFLTTENCING  THE  INTESTINAL  MOVEMENTS.— 

The  intestinal  canal  contains  an  automatic,  motor  centre  within  its  walls, — the 


Fig.  175. 

Plexus  of  Auerbach,  prepared  from  the  small  intestine  of  a  dog,  by  the  action  of  gold  cljoride. 
The  nerve-cells  are  shown  at  the  nodes,  while  the  fibrils  proceediug  from  the  ganglia,  and 
the  anastomosing  fibres,  lie  between  the  muscular  bundles. 

plexus  myentericus  of  Auerbach — which  lies  between  the  longitudinal  and  circular 
muscular  fibres  of  the  gut.  It  is  this  plexus  which  enables  the  intestine,  when  cut 
out  of  the  body,  to  execute,  apparently  spontaneously,' movements  for  some  time. 
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[Structure. — Auerbach's  Plexus  consists  of  non-medullated  nerve-fibres  which  form  a  dense 
network,  groups  of  ganglion  cells  occurring  at  the  nodes  (tig.  175,  and  when  seen  in  vertical 
sections  between  the  muscular  coats  it  is  like  fig.  174).  A  similar  plexus  extends  throughout 
the  whole  intestine  between  the  longitudinal  and  circular  muscular  coats  from  the  (Bsophagus 
to  the  rectum.  Branches  are  given  off  to  the  muscular  bundles.  A  similar,  but  not  so  rich  a 
plexus  lies  in  the  submucous  coat, 
Meissner's  plexus,  which  gives  branches 
to  supply  the  muscularis  mucosre,  the 
smooth  muscular  fibres  of  the  villi,  and 
the  glands  of  the  intestine  (fig.  176). 

If  this  centre  is  not  afEected 


1. 

by  any  stimulus,  the  movements  of 
the  intestine  cease — comparable  to 
the  condition  of  the  medulla  ob- 
longata in  apnoea.  The  same  is 
true — just  as  in  the  case  of  the 
respiration — during  intra-uterine 
life,  in  consequence  of  the  foetal 
blood  being  well  supplied  with  O. 
This  condition  may  be  termed 
aperistalsis.  It  also  occurs  during 
sleep,  perhaps  on  account  of  the 
greater  amount  of  O  in  the  blood 
during  that  state. 

2.  When  blood  containing  the 
normal  amount  of  blood-gases 
passes  through  the  intestinal  blood- 
vessels, the  quiet  peristaltic  move- 
ments of  health  occur  (euperistal- 
sis)  provided  no  other  stimulus  be 
applied  to  the  intestine. 

3.  All  stimuli  applied  to  the 
plexus  myentericus  increase  the 
peristalsis,  which  may  become  so 
very  violent  as  to  cause  evacuation 
of  the  contents  of  the  large  gut, 
and  may  even  produce  spasmodic 
contraction  of  the  musculature  of 


Fig. 


_  176. 

Plexus  of  Meissner.  a,  ganglia  ;  b,  anastomosing 
fibres ;  c,  artery ;  d,  vaso-motor  nerve-fibres  accom- 
panying c. 

  the  intestine.    This  condition  may  be  termed 

dysperistalsis,  corresponding  to  dyspnoea.  The  condition  of  the  blood  flowing 
through  the  intestinal  vessels  affects  the  peristalsis. 

Condition  of  the  Blood.— Dysperistalsis  may  be  produced  by  (a)  interrupting  the  circulation 
ot  tJie  blood  m  the  intestines,  no  matter  whether  anajmia  (as  after  compressing  the  aorta— 
^chtff)  or  venous  hyperemia  be  produced.  The  stimulating  condition  is  the  want  of  0,  i.e., 
the  increase  of  CO^.  Very  slight  disturbance  in  the  intestinal  blood-vessels,  e.g.,  venous  con- 
gestion alter  copious  transfusion  into  the  veins,  whereby  the  abdominal  and  portal  veins  become 
congested,  causes  increased  peristalsis.  The  intestines  become  nodulated  at  one  part  and  narrow 
at  another,  and  involuntary  evacuation  of  the  fa;ces  takes  place  when  there  is  congestion,  owing 
to  the  plugging  of  the  intestinal  blood-vessels  when  blood  from  another  species  of  aaimal  is  used 
lor  transfusion  (§  102).  The  marked  peristalsis  which  occurs  on  the  approach  of  death  is 
undoubtedly  due  to  the  derangements  of  the  circulation,  and  the  consequent  alteration  of  the 
amount  ol  gases  m  the  blood  of  the  intestine.  The  same  is  true  of  the  increased  movements  of 
the  intestines  which  occur  as  a  result  of  psychical  excitement,  e.g. ,  grief.  The  stimulus,  in  this 
case,  passes  Irom  the  cerebrum  through  the  medulla  oblongata  (vaso-motor  centre)  to  the  intes- 
miai  nerves,  and  causes  antemia  of  the  intestine  (corresponding  to  the  palor  occurring  elsewhere), 
f •  ""f"!?  condition  of  the  circulation  is  restored,  the  peristalsis  diminishes.  (6)  Direct 
f        •  conducted  to  the  plexus  myentericus,  causes  dysperistalsis;  direct 

Lv^^^r-  to  the  air  (stronger  when  CO.,  or  CI  is  present)-introductiou  of 

InvTffi  1^"^  •'^^  substances  into  the  intestine— increased'filling  of  the  intestine  when  there  is 
any  dittculty  m  emptying  the  gut  (often  in  man)-direct  stimulation  of  various  kinds  (also 
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iuflanimation),— nil  net  upou  the  intestine,  oitlier  from  without  or  from  within.  Induction- 
shocks  applioil  to  a  loop  of  intestine  in  a  hernial  sac  cause  lively  peristalsis  in  the  hernia.  The 
intestinal  movements  are  favoured  by  heat. 

4.  The  continued  application  of  strong  stimuli  causes  the  dy.speristalsis  to  give 
place  to  rest,  owing  to  over-stimulation,  which  may  be  called  "  intestinal  paresis," 
or  exhaustion. 

This  condition  is  absolutely  difl'ercut  from  the  passive  condition  of  the  intestine  in  aperistalsis. 
Continued  congestion  of  the  intestinal  blood-vessels  ultimately  causes  intestinal  paralysis,  e.g., 
when  transfusion  of  foreign  blood  causes  coagulation  within  these  vessels.  Filling  the  blood- 
vessels with  "indifferent"  fluids,  after  the  peristalsis  has  been  previously  brought  about  by 
compressing  the  aorta,  also  causes  cessation  of  the  movements  {0.  Naase).  The  movements 
cease  when  the  intestines  are  cooled  to  19°  C.  (Horwath),  while  severe  inflammation  of  the 
intestine  has  a  similar  effect.  Under  favourable  circumstances,  the  intestine  may  recover  from 
this  condition.  Arterial  blood  admitted  into  the  vessels  of  the  exhausted  intestine  causes 
peristalsis,  which  at  first  is  more  vigorous  than  normal. 

5.  The  continued  application  of  strong  stimuli  causes  complete  paralysis  of  the 
intestine,  such  as  occurs  after  violent  peritonitis,  or  inflammation  of  the  muscu- 
lature or  mucous  coat  in  man.  In  this  condition,  the  intestine  is  greatly  distended, 
as  the  paralysed  musculature  does  not  offer  sufficient  resistance  to  the  intestinal 
gases  which  are  expanded  by  the  heat.  This  constitutes  the  condition  of 
meteorism. 

Influence  of  Nerves. — -With  regard  to  the  nerves  of  the  intestine,  stimulation  of 
the  vagus  increases  the  movements  (of  the  small  intestine),  either  by  conducting 
impressions  to  the  plexus  myentericus,  or  by  causing  contraction  of  the  stomach, 
which  stimulates  the  intestine  in  a  purely  mechanical  manner  {Braam-Houckgeest). 
The  splanchnic  is  (1)  the  inhibitory  nerve  of  the  small  intestine  {Pfliiger),  but 
only  as  long  as  the  circulation  in  the  intestinal  blood-vessels  is  undisturbed,  and 
the  blood  in  the  capillaries  does  not  become  venous  ;  when  the  latter  condition 
occurs,  stimulation  of  the  splanchnic  increases  the  peristalsis.  If  arterial  blood  be 
freely  supplied,  the  inhibitory  action  continues  for  some  time.  Stimulation  of  the 
origin  of  the  splanchnics,  of  the  spinal  cord  in  the  dorsal  region  (under  the  same 
conditions),  and  even  when  general  tetanus  has  been  produced  by  the  administration 
of  strychnia,  causes  an  inhibitory  effect.  It  is  inferred  that  the  splanchnic  contains 
— (2)  inhibitory  fibres,  which  are  easily  exhausted  by  a  venous  condition  of  the 
blood,  and  also  motor  fibres,  which  remain  excitable  for  a  longer  time,  because  after 
death,  stimulation  of  the  splanchnics  always  causes  peristalsis,  just  like  stimulation 
of  the  vagus.  (3)  It  is  the  vaso-motor  nerve  of  the  intestinal  blood-vessels,  so  that 
it  governs  the  largest  vascular  area  in  the  body.  When  it  is  stimulated,  all  the 
vessels  of  the  intestine  which  contain  muscular  fibres  in  their  walls  contract ;  when 
it  is  divided,  they  dilate.  In  the  latter  case,  a  large  amount  of  blood  accumulates 
within  the  blood-vessels  of  the  abdomen,  so  that  there  is  anaemia  of  the  other  parts 
of  the  body,  which  may  be  so  great  as  to  cause  death — owing  to  the  deficient  supply 
of  blood  to  the  medulla  oblongata.  (4)  It  is  the  sensory  nerve  of  the  intestine, 
and,  under  certain  circumstances,  it  may  give  rise  to  very  painful  sensations. 

As  stimulation  of  the  splanchnic  contracts  the  blood-vessels,  von  Basch  has  raised  the  ques- 
tion whether  the  intestine  does  not  come  to  rest,  owing  to  the  want  of  the  blood,  which  acts  as 
a  stimulus.  But,  when  a  weak  stimulus  is  applied  to  the  splanchnic,  the  intestine  ceases  to 
move  before  the  blood-vessels  contract  {van  Braam-Hmickcjcest) ;  it  would  therefore  seem  that 
the  stimulation  diminishes  the  excitability  of  the  plexus  myentericus.  According  to  Engel- 
mann  and  v.  Brakel,  the  peristaltic  movement  is  chiefly  propagated  by  direct  muscular  con- 
duction, as  in  the  heart  and  ureter,  without  the  intervention  of  any  nerve-fibres. 

[Effect  of  Nerves  on  the  Eectum.— The  nervi  erigentes,  when  stimulated,  cause  the  longi- 
tudinal muscular  fibres  of  the  rectum  to  contract,  while  the  circular  muscular  fibres  are  supplied 
by  the  hypogastric  nerves.  Stimulation  of  the  latter  nerves  also  exerts  an  inhibitory  eflect  on 
the  longitudinal  muscles.  Stimulation  of  the  nervi  erigentes  inhibits  not  only  the  spontaneous 
movements  of  the  circular  fibres  of  the  rectum,  but  also  those  movements  excited  by  stimulation 
of  the  hyjiogastric  nerves  {Fellncr).']  .    ,     ,        r  ■  +„»f:„„ 

[Artificial  Circula,tion  in  the  Intestine.— Lud wig  and  Salvioli  excised  a  loop  of  intestine 
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from  an  animal,  tied  a  cannula  into  an  artery  and  another  into  a  vein,  and  kept  it  in  a  warm  moist 
atmosphere.  The  arterial  cannula  was  connected  with  a  vessel  containing  defibrinated  blood 
to  which  different  drugs  could  be  added.  A  lever  rested  on  the  intestine,  and  registered  its 
movements  on  a  recording  surface.  As  long  as  arterial  blood  was  tranfused,  the  intestine  was 
nearly  quiescent,  but  when  it  was  arrested,  so  that  the  blood  became  venous,  a  series  of  con- 
tractions occurred.  Nicotin  diminished  the  flow  of  blood  and  quickened  the  intestinal  move- 
m^ts,  while  at  the  same  time  the  circular  muscular  fibres  remained  contracted  or  tetanic 
Tiwture  0/ opium,  in  the  proportion  of  -01  to  -04  in  the  blood,  causes  at  first  contraction  of  the 
vessels,  and  lessens  the  amount  of  blood  circulating  in  the  intestine  ;  but  it  very  rapidly  increases 
—even  to  six  times— the  amount  of  blood  which  transfuses,  while  at  the  same  time  the  move- 
ments of  the  intestine  cease,  the  walls  of  the  intestine  being  contracted.  Peptone  caused  lirst 
strong  and  then  irregular  contractions.] 

Effect  of  Drugs.— Amongst  the  reagents  which  act  upon  the  intestinal  movements  are  -—(1) 
Such  as  diminish  the  excitability  of  the  plexus  myentericus,  i.e.,  which  lessen  or  even  abolish 
intestinal  peristalsis,  e.g.,  belladonna.  (2)  Such  as  stimulate  the  inhibitory  fibres  of  the 
splanchnic,  and  m  large  doses  paralyse  them— opium,  morphia  ;  1  and  2  produce  constipation 

[5)  Other  agents  excite  the  motor  apparatus— nicotin  (even  causing  spasm  of  the  intestine) 
muscarin,  caffein,  and  many  laxatives,  which  act  as  purgatives.  The  movements  produced  bv 
muscarm  are  abolished  by  atropin.  These  substances  accelerate  the  evacuation  of  the  intestine 
and,  owing  to  the  rapid  movement  of  the  intestinal  contents,  only  a  small  amount  of  water  is 
absorbed  ;  so  that  the  evacuations  are  frequently  fluid.  (4)  Amongst  purgatives,  colocvnth  and 
croton  oil  act  as  direct  irritants.  With  regard  to  drugs  of  this  sort,  they  seem  to  cause  a  waterv 
transudation  into  the  intestine,  just  as  croton  oil  causes  vesicles  when  applied  to  the  skin  (5) 
Calomel  is  said  to  limit  the  absorptive  activity  of  the  intestinal  wall,  and  to  control  the  decom- 
positions in  the  intestine.    The  stools  are  thin  and  greenish,  from  the  admixture  of  biliverdin 

(6)  Certain  saline  purgatives— sodium  sulphate,  magnesium  sulphate— cause  fluid  evacuations 
by  retaining  the  water  in  the  intestine  ;  and  it  is  said  that  if  they  be  injected  into  the  blood- 
vessels ot  animals,  they  cause  constipation.  [When  a  crystal  of  a  potash  salt  is  applied  to  the 
peritoneal  surface  of  the  intestine  of  an  animal,  it  causes  merely  a'local  constriction  of  the  mus- 
cular fibres  of  the  gut,  while  a  sodium  salt  excites  a  contraction  whi6h  passes  fipwards  towards 
the  stomach  and  never  towards  the  rectum.    In  any  case  it  may  serve  as  a  useful  guide  to  the 

tSstrne?S=Sj       "  '  '"""^ 

4nS^''^  ^  genuine  excito-secretory  action  on  the  glands  of  the 

Thnf  ^'^^'■'^^  time, -in  virtue  of  its  low  diffusibility,  it  impedes  absorption 

S'n  /l^  f  ^'Y-^'it^d  "-etion  and  impeded  absorption  there  is  an  accumulation  of  fluid 
within  the  canal  which  reaches  the  rectum  and  results  in  purgation.    Purgation  does  not  ensue 

sa?t  "nTconc7nSflS^'°'^  *  w^*  '^"/^^^  t°       fdministration  of  the 

salt  in  a  concentrated  form.  When  a  concentrated  solution  of  a  salt  is  administered  to  an 
WonTl  abm-entary  canal  is  empty,  but  whose  -blood  is  in  a  natural  state  of  d  Eon  the 

half  an   oirtVaffi^''^?°°r'?J''''5^'.^  '^^^^"''^^  °f      concentration  in  from 

iialt  an  iiour  to  an  hour  and  a  half  ;  within  four  hours  the  blood  has  graduallv  returned  to  its 
normal  state  of  concentration,  without  having  reabsorbed  fluid  from  tL  iSS     It  awaJ 
ently  recoups  itself  from  the  tissue-fluids.    The  salt-sulphate  of  magnesia  or  sZhate  ofTda 
-becomes  split  up  m  the  small  intestine,  and  the  acid  is  more  rapidlf  absorbertC  the  base 
4e^Tnt'p.Hli*^?  absorbed  acid  shortly  afterwards  returns  to  the  intLines  evid  ntly  tLough 
Stest^S  secref^^^^^^^  ""'l  P^^^*?  ^^^'^  '""'^''''^        "^^^  ^.kod,  and  Lcites  lo 

cfusina  iLaHrri  aHon  of  ft^       P"'^?  when  injected^  subcntaneously,  unless  on  account  of  its 
Sini  thpir  Wn  ^1  abdominal  subcutaneous  tissue,  which  acts  reflexly  on  the  intestines 

dilating  their  blood-vessels,  and  perhaps  stimulating  their  muscular  movements  {M.Hay) 

162.  STEUCTURE  OF  THE  STOMACH.-[The  stomach  receives  the  bolus 
and  secretes  a  juice  which  acts  on  certain  constituents  of  the  food  while  by  its 

rrartLnv  dV'  rr'^f  l^""  ''^  ^^^^  --^J^-        after  k  t^:  e/p 

tne  partially  digested  products  towards  the  duodenum  1 

III  '^l^  peritoneum. 

"      ;hat°r".S'  with  the  .„ger  bl..d.™».l,, 

(4)  The  mucous  layer.  ] 

nxSrin^f S^^^^  the^^tomach  is  thrown  into  a  series  of  folds  or 

moiuu  01  zae  oigan.    With  the  aid  of  a  hand-lens,  it  is  seen  to  be 
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beset  with  small  irregulnr  depressions  or  jnls  (fig.  179).  Throughout  its  entire  extent  it  is 
coverod  by  a  single  layer  ol'  moderately  tall,  narrow,  cylindrical  epithelium,  which  seems  to 

consist  of  mucuB-secreting  goblet-cells  (fig.  178).  The 
epitlieliuin  is  sharply  delincd  at  the  eardia  from  the 
stratilicd  epithelium  of  the  (i3soi)liagus,  and  also  at  the 
pylorus,  from  the  true  cylindrical  ejiithelium  with  the 
striated  disc  iu  the  duodenum.  [The  cells  contain  a 
plexus  of  librils,  and  in  the  passive  condition  seem  to 


0  { 


Musciilar 


Serosa. 

Fig.  177.  Fig.  179. 

Fig.  177.  — Vertical  section  of  the  wall  of  the  human  stomach,  x  15.   E. ,  epithelium ;  Gl,  glands ; 

muscularis  mucosae.   Fig.  178.— Goblet-cells  of  tbe  stomach.    Fig.  179. — Surface  sec- 
tion of  the  dog's  gastric  mucous  membrane,  showing  pits,  i,  i  ;  a,  the  elevations  round  i,  i. 

consist  of  two  zones,  an  outer  clear  part,  next  the  lumen  of  the  organ,  consisting  of  a  sub- 
stance (mucigen)  which  yields  mucus,  the  attached  end  of  the  cell  being  granular.]  The  oval 
nucleus  lies  about  the  centre  of  the  cells.    Spindle-shaped,  nucleated  cells,  probably  for  re- 


I,  Transverse  section  of  a  duct  of  a  fundus-gland— «,  membrana  propria ;  J,  mucus-secreting 
goblet-cells  ;  c,  adenoid  interstitial  substance.  II.  Transverse  section  of  a  fundus-gland— 
a,  chief,  h,  parietal-cells  ;  r,  adenoid  tissue  ;  c,  capillaries. 

placing  the  others,  are  said  by  Ebstein  to  occur  at  their  bases.  All  the  cells  are  open  at 
their  free  ends,  so  that  the  mucus  is  readily  discharged,  leaving  the  cells  empty.  Numerous 
tubular  glandfl  of  two  distinct  kinds  are  placed  vertically,  like  rows  of  test-tubes,  in  the  mucous 
membrane. 


PYLORIC  GLANDS  OF  THE  STOMACH. 
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The  cardiac  portion  of  the  gastric  mucous  membrane  consists  of  a  number  of  microscopic 
tubular  glauds  placed  side  by  side,  the  fundus-glands  of  Heidenhain,  otherwise  called  peptic, 
or  cardiac.  Several  gland-tubes,  which  arc  wider  below,  usually  open  into  the  duct  (fig.  182).' 
Each  gland  consists  of  a  structureless  membrana  propria  with  anastomosing  branched  cells  in 
relation  with  it.  The  duct  is  short,  about  one-fifth  of  the  whole  tube,  and  is  lined  by  a  layer 
of  cells  like  those  lining  the  stomach,  while  the  secretory  part  of  the  tubes  is  liued  through- 
out by  a  layer  of  granular,  short,  small,  polyhedral,  or  columnar 
nucleated  cells.  Tliese  cells  border  the  very  narrow  lumen, 
and  are  called  principal  {Heidenluxin),  central  (fig.  180,  II, 
a),  or  adelomorphous  cells  (d5r)A.os,  hidden).  At  various  places, 
between  these  cells  and  the  membrana  propria,  are  large,  oval, 
or  angular,  well-defined,  granular,  densely  reticulated,  nucleated 
cells,  the  parietal  cells  of  Heidenhain,  the  delomorphous  cells  of 
Rollett,  or  the  oxyntic  (acid-forming)  cells  of  Langley  (fig.  180, 
II,  h).  They  are  most  numerous  in  the  neck  of  the  glands,  and 
least  so  in  the  deep  blind  end  of  the  tubes.  These  cells  are  stained 
deeply  by  osmic  acid  and  aniline  blue,  so  that  they  are  readily  dis- 
tinguished from  the  other  cells.    They  bulge  out  the  membrana 

propria  of  the  gland  opposite  where  they  are  placed.    The  parietal 

cells  in  man  are  said  to  reach  to  the  lumen  of  the  gland-tubes 

(Stohr).    Isolated  cells  are  sometimes  found  under  the  epitheliunr 

of  the  surface  of  the  stomach,  and  occasionally  in  individual  pyloric 

glands.  The  fundus-glands  are  most  numerous  (about  five  millions), 

and  are  of  considerable  size  in  the  fundus. 

2.  The  pyloric  glands  occur  only  in  the  region  of  the  pylorus, 

where  the  mucous  membrane  is  more  yellowish-white  in  colour  (fig. 

181,  A).    These  glands  are  generally  branched  at  their  lower  ends, 

so  that  several  tubes  open  into  a  single  duct  [which,  in  contra- 
distinction to  the  duct  of  the  other  glands,  is  wide  and  long,  extend- 
ing often  to  half  the  depth  of  the  mucous  membrane.    The  duct  is 

lined  by  epithelium  like  that  lining  the  stomach,  while  the  secretory 

part  is  liued  by  a  single  layer  of  short,  finely  granular,  columnar 

cells,  whose  secretion  is  quite  different  from  that  of  the  cells  lining 

the  duct.    The  lumen  is  well  defined.    Nussbaum  has  occasionally 

found  other  cells,  which  stain  deeply  with  osmic  acid,  between  the 

bases  of  these.    The  appearance  of  the  cells  differs  according  to 

their  state  of  physiological  activity  (figs.  183,  184).    When  they  are 

exhausted  they  are  smaller  aud  more  granular,  owing  to  the  denser 

ii'cticulation  of  their  network ;  at  any  rate  they  are  granular  in  pre- 
parations hardened  in  alcohol  (fig.  184).  There  are  no  parietal 
■cells.]  ^ 

The  glands  are  supported  by  very  delicate  connective-tissue 
mixed  with  adenoid  tissue  (fig.  180).    Below  this  are  two  layers, 

•circular  and  longitudinal,  of  nou-striped  muscle,  the  muscularis|  mucosse  (fig.  177   Mm  ) 
t  1* /lie  processes  of  smooth  muscular  fibres, pass  up  between  groups  of  the  glands 

towards  the  free  epithelial  surface  of  the  mucous  membrane.    Perhaps  these  processes  are  con- 
•cerned  in  emptying  the  g  ands.    [In  the  gastric  mucous  membrane  of  the  cat,  there  is  a  clear 
homogeneous  layer,  which  is  stained  red  by  picro-carmine,  and  placed  immediately  internal 
S.T"'?       '•^''T''-    ^*     P^.*^'''*^  P'-°'='^^«'^«  m'^S  fiom  the  muscularis  mucosifi  ] 

.i^if^^^^?!^  tTu-^^^''\°''^'  membrane,  especially  near  the  pylorus,  con- 

The  &hS"^^^  which  are  comparable  to  the  solitary  glands  of  the  smSl  inte  tine. 
loousS?  182  r/T^w''°''''        n  ^•'^  f  ^^-^  epithelium  by  dilated  extremities  or 

'  Y  '  •  ^  i-iu  vertically,  and  anastomose  in  the  mucosa  between  the  gland-tubes 
vZ  ^'J^^^l^P  I'l.^i^Ji^-like  spaces.   They  join  large  trunks  in  the  mucosa  ;  anSther  pS 
■ot  large  vessels  exists  in  the  sub-mucosa  (Lov&n).  p^c-vus 

,nJ!!?l^^''Trr^  uon-medullated  nerve-fibres  and  a  few  ganglion  cells  exist  in  the 

wn'".^*^  [Auerbach's],  and  another  [Meissner's]  in  the  sub-mucola.  f 
and  ascend  be^'twee^l^  T"'^l  TT™"''    ^mall  arterial  branches,  a,  run  in  the  sub-mucosa. 
Hum  and  bStirifc,  ^  f  l^^igitudinal  capillary  network,  c,c,  under  the  epithe- 

WoSSnillarv  tnvn^''        gl^'^^-'l^^ts  open,  g.    The  veins  gradually  collect  froin  this 
nomontal  capillaiy  network,  and  run  towards  the  large  veins  of  the  sub-mucosa,  I 

2ff\  fl^f       JTJICE.-Properties.-The  gastric  juice  is  a  toljrably 

dear  colourless  fluid,  with  a  strong  acid  reaction,  sour  taste,  and  peculiar  charactei  - 
JnH.iS  It  rotates  the  plane  of  polarised  light  to  the  left.  It  is  not  rendered 
tuibid  by  boiling,  and  resists  putrefaction  for  a  long  time.    Its  specific  gravity  = 

Q 


Fig.  181. 
A,  Isolated  pyloric  gland. 
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1002-5  (dog,  1005),  and  it  contains  only  ^  per  cent,  of  solid  constituents.  The 
quantity  secreted  in  24  liours  was  estimated  by  Beaumont,  from  observations  upon 
Alexis  St  Martin,  who  had  a  gastric  fistula  (1834)— at  only  180  grms.  daily  (!);  by 
Grunewald  (1853),  in  a  similar  case,  as  equal  to  264  per  cent,  of  the  body-weight; 
while  Bidder  and  Schmidt  (from  corresponding  observations  on  dogs)  estimated  it  as 
equal  to  6i  kilos,  daily,  corresponding  to  of  the  body-weight.  It  contains;— 
(1)  Pepsin,  the  characteristic  hydrolytic  ferment  or  enzym,  which  dissolves 


Vertical  section  of  the  gastric  mucous  membrane.  g,g,  pits  on  the  surface  ;  p,  neck  of  a  fundus- 
gland  opening  into  a  duct,  g  ;  x,  parietal,,  and  y,  chief  cells ;  a,  r,  c,  artery,  vein,  capil- 
laries ;  d,  d,  lymphatics,  emptying  into  a  large  trunk,  c. 

proteids.  E.  Schiitz  obtained  0-41  to  M7  per  cent,  from  a  fasting  person  by 
means  of  the  oesophageal  sound.  ,  ^    o  i  \ 

(2)  Free  hydrochloric  acid  {Front,  1824),  0-2  to  0-3  (Kickei,  0-b  to  2-1)  per 
1000;  (in  the  dog,  0-52  per  cent.).  It  occurs  free,  as  the  gastric  juice  always  con- 
tains more  free  chlorine  than  bases,  to  which  it  can  be  united  {C.  Schmidt)  Lactic 
acid  iV.usually  met  with,  but  it  arises  from  the  fermentation  of  the  carbohydrates 

of  the  food.  , 

Tests  -Free  hydrochloric  acid  is  detected  by  the  following  reactions  :-0-025  per  ceut- solu- 
tion of  mythyl-violet  becomes  blue  ;  or  alkaline  solution  of  oo-ti-opfeolin  becomes  lilac  ,  oi,  ud 
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Bordeaux  wine,  treated  witli  araylic  alcohol  until  its  colour  almost  disappears,  becomes  rose- 
coloured.  [Giinzburg  reconiuiends  an  alcoholic  solution  of  phloroglucin- vanillin.  2  grammes  of 
phloroglucin  are  mixed  witli  1  gramme  of  vanillin  in  30  grammes  of  absolute  alcohol,  which  gives  a 
yellowish-red  solution.  Concentrated  and  even  very  weak  mineral  acids  cause,  with  this  solution, 
a  briglit  red  colour  with  the  I'ormation  of  bright  red  crystals,  while  concentrated  organic  acids 
do  not  affect  it.  For  gastric  juice  mix  equal  quantities  of  the  filtered  gastric  juice  and  the 
above  solution  in  a  watch-glass,  and  evaporate  carefully,  not  allowing  it  to  boil;  a  red  pellicle 
w;ith  red  crystals  indicates  the  iiresenco  of  minute  traces  of  hydrochloric  acid.  Congo-red, 
either  in  solution  or  as  congo-red  papers,  becomes  blue,  but  the  reaction  is  interfered  with  by 
the  presence  of  ammonia,  or  ammoniacal  salts.] 

Lactic  Acid.— The  freshly-prepared  blue  solution  of  10  c.c.  of  a  4  per  cent,  solution  of 
carbolic  acid,  with  20  c.c.  of  distilled  water,  and  1  drop  of  liquor  ferri  perchloride,  is  changed  to 
yellow  by  lactic  acid  {Uffelmann).  '  & 


Fig.  184. 

Section  of  the  ^k^.^  membrane.  ^'''-"'^^ll^liS^Z'''  °' 

spc^pLm"  ^fP  amount  Of  mucus  covering  the  surface  of  the  mucous  membrane  is' 
secreted  by  the  goblet-cells  of  the  mucous  membrane  (S  162)      136  II) 
(4)  Mineral  salts  (2  per  1000),  and  a  milk-curdling  ferment 

als?i7anTmakf.^J?i'^        ^o^^^f^  chlorides,  less  calcic  chloride  (ammonium  chloride, 

Amongst  fotioTln^^^^^^  compounds  of  phosphoric  acid  with  lime,  magnesium,  and  iron, 
in  trS.!c   fe    HT   .'ff'  Tl'''^  maybe  introduced  into  the  body,  the  following  appear 
^^:^^r^^^^  Zl.!:^^^^-^'''^'^  sulphocyanide, 
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[Composition  of  Gastric  Juice  (Ho2)pc-Seylcr  after  C.  Schmidl). 


Constituents. 


Water,  . 
Organic  matter, 
Free  HCl, 
CaClo,  . 
NaCl,  . 
KCl, 

NH4CI,  . 
Ca32(P04),  . 
Mg32(rOJ,  . 
FePO^,  . 


11. 

III. 

IV. 

Iluman. 

Dug. 

Sheep. 

With  saliva. 

No  saliva. 

994  ■404 

971-171 

973-062 

986-143 

3-195 

17-336 

17-127 

4-055 

0  200 

2-337 

3-050 

1 .00  >i 
1  Zo4 

0-061 

1-661 

0-624 

0-114 

1-465 

3-147 

2-507 

4-369 

0-550 

1-073 

1-125 

1-518 

0-537 

0-468 

0-473 

2-294 

1-729 

1-182 

0-125  1 

0-323 

0-226 

0-577 

0-121 

0-082 

0-331 

Good  human  saliva  is  not  so  dilute  or  so  poor  in  HCl  as  I.  Szabo  has  found  eyen  3  of  HCl 
per  1000  in  man.] 

164.  SECRETION  OF  GASTRIC  JUICE.— After  the  discovery  of  the  two 
kinds  of  glands  in  the  stomach  and  the  two  kinds  of  cells  in  the  fundus-glands, 
the  question  arose  as  to  whether  the  different  constituents  of  gastric  juice  were 
formed  by  different  histological  elements. 

Changes  of  the  Cells  during  Digestion. — During  the  course  of  digestion,  the  cells  of  the 
fundus  (and  pyloric  glands,  dog)  undergo  important  changes  {Heidcnhain).  During  hunger,  the 
chief  cells  are  dear  and  large,  the  parietal  investiug-cells  are  small,  the  pyloric  cells  clear  and 
of  moderate  size.  During  the  first  six  hours  of  digestion,  the  chief  cells  become  enlarged  and 
moderately  turbid  or  granular,  the  parietal  cells  also  enlarge,  -while  the  pyloric  cells  remain 
unchanged.  The  chief  cells  become  diminished  and  more  turbid  or  granular  until  the  ninth 
hour,  the  parietal  cells  are  still  swollen,  and  the  pyloric  cells  enlarge.  During  the  last  hours 
of  digestion,  the  chief  cells  again  become  larger  and  clearer,  the  parietal  cells  diminish,  the 
pyloric  cells  decrease  in  size  and  become  turbid  (figs.  183  and  184). 

[Langley  gives  a  different  description  of  the  appearances  presented  by  these  cells.  The 
results  may  be  reconciled  by  remembering  that  the  gland-cells  were  examined  under  different 
conditions.  The  secretory  cells  consist  of  a  cell-substance  composed  of  {a)  a  framework  of  living 
])rotoplasm,  either  in  the  form  of  an  intracellular  fibrillar  network,  or  in  flattened  bands.  The 
meshes  of  this  framework  enclose  at  least  two  chemical  substances,  viz.,  (6)  a  hj'aline  substance 
in  contact  with  the  framework,  and  (c)  spherical  granules  which  are  embedded  in  the  hyaline 
substance.  During  active  secretion,  the  gi-anules  decrease  in  number  and  size,  the  hyalme  sub- 
stance increases  in  amount,  the  network  grows.  This  is  the  reverse  of  what  is  stated  above  as  the 
observation  of  Heidenhain,  but  the  granular  appearance  described  by  Heidenhain  after  secretion 
is  very  probably  due  to  the  action  of  the  hardening  agent,  alcohol.  Langley  found  that  in  the 
living  condition,  or  after  the  use  of  osmic  acid,  in  some  animals  at  least,  the  chief  cells  .are 
granular  during  rest,  but  during  a  state  of  activity  two  zones  are  differentiated,  an  outer  one, 
which  is  clear,  owing  to  the  disappearance  of  the  granules,  and  an  inner  more  or  less  granular 
one  Granules  reappear  in  the  outer  part  after  rest.  Dui-ing  digestion,  the  parietal  ceils 
increase  in  size,  but  do  not  become  granular.  In  all  cells  containing  much  pepsinogen,  distinct 
jcranules  are  present,  and  the  quantity  of  pepsinogen  varies  directly  with  the  number  and  size 
of  the  granules.  In  the  glands  of  some  animals  there  is  little  difference  between  the  resting 
and  active  phases.    Compare  Serous  OlaiuLs,  §  143,  and  Pancreas,  §  168.] 

The  pepsin  is  formed  in  the  chief  cells  {Heidenhain).  When  these  are  clear  and 
large,  they  contain  much  pepsin ;  when  they  are  contracted  and  turbid,  the  amount  is 
small.  The  pyloric  glands  are  also  said  to  secrete  pepsin,  but  only  to  a  small  extent. 
Pepsin  accumulates  during  the  first  stage  of  hunger,  and  it  is  eliminated  during 
digestion  and  also  during  prolonged  hunger.  Pepsin  as  such,  is  not  present  within 
the  cells,  but  only  as  a  "  mother-substance,"  a  pepsinogen-substance  (zymogen),  or 
propepsin,  which  occurs  in  the  granules  of  the  chief  cells.  This  zymogen,  or  mother- 
substance,  by  itself,  has  no  effect  upon  proteids ;  but  if  it  be  treated  with  hydrochloric 
acid  or  sodium  chloride,  it  is  changed  into  pepsin.  Pepsin  and  pepsinogen  may  be 
extracted  from  the  gastric  mucous  membrane  by  means  of  water  free  from  acids. 

rPepsinogen  and  Pepsin. -Glycerine  extracts  very  little  pepsin  from  the  perfectly  fresh 
gastric  mucous  membrane,  but  a  largo  amount  is  afterwards  obtained  by  extracting  it  yuui 
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dilute  hydrochloric  acid,  or  with  this  acid  and  glycerine.  The  relative  amount  of  pepsinogen 
and  pepsin  in  a  fluid  may  be  determined  approximately  by  the  method  of  Langley  and  Edkins. 
A  1  per  cent,  solution  of  sodic  carbonate  exerts  a  greater  destructive  action  on  pepsin  than  on 
pepsinogen,  while  a  current  of  COo  destroys  pepsinogen  to  a  greater  extent  than  pepsin.  Both 
substances  are  unaflected  by  CO,  but  arc  destroyed  at  5i°  to  57°  C] 

The  pyloric  glands  secrete  pepsin,  but  no  acid.  Klemensiewicz  excised  in  a 
living  dog  the  pyloric  portion  of  the  stomach,  and  afterwards  stitched  together  the 
duodenum  and  the  remaining  part  of  the  stomach.  The  excised  pyloric  part,  with 
its  vessels  intact,  he  stitched  to  the  abdominal  wall,  after  sewing  its  lower  end. 
The  animals  experimented  on  died,  at  the  latest,  after  six  days.  The  secretion  of 
this  part  was  thin,  alkaline,  and  contained  2  per  cent,  of  solids,  including  pepsin. 

[Pyloric  Fistula.— In  fig.  185  P  represents  the  excised  pyloric  portion,  C  the  cardiac.  Tli 
parts  «,  «,  and  a!  a'  were  then  stitched  together,  and  the  con- 
tinuity of  the  organ  established.    The  lower  end  [d)  of  P  was         '  ' 
closed  by  sutures,  while  the  edges  of  P  at  0  were  stitched  to 
the  abdominal  walls,  thus  making  a  pyloric  fistula.] 

In  the  frog"  the  alkaline  glands  of  the  oesophagus 
contain  only  chief  cells  which  produce  pepsin ;  vs^hile 
the  stomach  has  glands  which  secrete  acid  (and  per- 
haps some  pepsin),  and  are  lined  by  parietal  cells. 

Amongst  fishes  the  carps  have  no  fundns-glands  in  the 
stomach  {Luchau).  [The  secreting  portions  of  glands  of  the 
cardiac  sac  (crop)  of  the  herring  are  lined  by  a  single  layer  of 
polygonal  cells  (  TV.  Stirling).']  Fig.  185. 

The  hydrochloric  acid  is  formed,  according  to  Diagram  of  Klemensiewicz's 
Heidenhain,  by  the  parietal  cells.  It  occurs  on  the  experiment  {Stirlv>uj). 
free  surface  of  the  gastric  mucous  membrane  as  well  as  in  the  ducts  of  the  fundus- 
glands.  The  deep  parts  of  the  glands  are  usually  alkaline.  Free  HCl  is  detected 
in  human  gastric  juice,  within  4-5  minutes  to  1  to  2  hours  after  a  moderate  meal, 
but  in  10  to  15  minutes  in  a  fasting  condition  after  drinking  water;  the  amount 
gradually  increases  during  the  process  of  digestion.  Lactic  acid,  perhaps  derived 
from  the  food,  is  found  in  the  stomach  immediately  after  taking  food,  after  half  an 
hour  along  with  HCl,  while  after  an  hour  only  HCl  is  found  {Etvald  and  Boas). 

CI.  Bernard  injected  potassium  ferrocyanide  and  afterwards  lactate  of  iron  into  the  veins  of 
a  dog.  Alter  death,  blue  coloration  occurred  only  in  the  iqjper  acid  layers  of  the  mucous 
membrane.  Nevertheless,  we  must  assume  that  the  hydrochloric  acid  is  secreted  in  the  parietal 
cells  of  the  fundus  of  the  glands,  and  that  it  is  rapidly  carried  to  the  surface  alono-  with  the 
pepsin.  Bnicke  neutralised  the  surface  of  the  gastric  mucous  membrane  with  magnesia  usta 
chopped  up  the  miicous  membrane  with  water,  and  left  it  for  some  time,  when  the  fluid  had 
again  an  acid  reaction. 

As  to  the  formation  of  a  free  acid,  the  following  statements  may  be  noted  •— 
ihe  parietal  cells  form  the  hydrochloric  acid  from  the  chlorides  which  the  mucous 
membrane  takes  up  from  the  blood.  According  to  Voit,  the  formation  of  acid 
ceases,  if  chlorides  be  withheld  from  the  food.  Maly  suggests  that  the  active 
agent  is  lactic  acid,  which  splits  up  sodium  chloride  and  forms  free  HCl  The 
base  set  free  is  excreted  by  the  urine,  rendering  it  at  the  same  time  less  acid, 
ihe  formation  of  acid  is  arrested  during  hunger.  According  to  H.  Schultz,  watery 
solutions  of  alkaline  and  earthy  chlorides  are  decomposed,  even  at  a  low  tempera- 
ture, by  LUg,  tree  hydrochloric  acid  being  formed. 
[The  source  of  the  HCl  is  undoubtedly  the  sodic  chloride  in  the  blood  and  Ivmnh  but  what 

emeU'^a^Ul''^'^  '  matter  of  conjecture.  In  this  connectir  S SpS  tSo 
its  combTnSfon  w       n        '  f  .i''"  *f  every  acid  can  displace  a  part  of  another  acid  from 

he  ba^    5ioms  ^™  ^"'^         '^^^^  ''"^^"^^  ^^'i*       gre^^ter  part  of 

omanTc  ;nel  Th  s  ?SS  m  wi*^"  ,  ^.^^'^.^troiig  mineral  acids  may  be  displaced  h\  weak 
tEdird  inridp    W^'  l  -  ^.nf  "^^'"^  '"^y      fi'^e  ^         quantity  of  HCl  from 

the  cells  to^l  ds  t■hP^^^^  '1  ""^f  niore  remarkable  is,  that  the  free  HCl  should  be  transferred  by 
tne  cells  towards  the  gland-duct,  while  the  sodic  carbonate  diffuses  towards  the  blood  and  lymph.] 
accretion. —When  the  stomach  is  empty,  there  is  usually  no  secretion  of  gastric 
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juice ;  this  takes  place  only  after  appropriate  (mechanical,  thermal,  or  chemical) 
stimulation.    In  the  normal  condition,  it  takes  place  immediately  on  the  introduc- 
tion of  food,  but  also  of  indigestible  substances,  such  as  pebbles.    The  mucous 
membrane  becomes  red,  and  the  circulation  more  active,  so  tliat  the  venous  blood 
becomes  brighter.    [That  the  vagi  are  concerned  in  this  vascular  dilatation,  is 
proved  by  the  fact,  that  if  both  nerves  be  divided  during  digestion,  the  gastric 
mucous  membrane  becomes  pale  {liutherford).~\    The  secretion  is  probably  caused 
reflexly,  and  the  centre  perhaps  lies  in  the  wall  of  the  stomach  itself  (Meissner's 
plexus  in  the  sub-mucous  coat).    It  is  asserted  that  the  idea  of  food,  especially 
during  hunger,  excites  secretion.    As  yet  we  do  not  know  the  effect  produced  upon 
the  secretion  by  stimulation  or  destruction  of  other  nerves,  e.fj,,  vagus,  sympathetic. 
[There  is  no  nerve  passing  to  the  stomach,  whose  stimulation  causes  a  secretion  of 
gastric  juice,  as  the  chorda  tympani  does  in  the  submaxillary  gland.    If  the  vagi  be 
divided  sufficiently  low  down  not  to  interfere  with  respiration,  the  introduction  of 
food  still  causes  a  secretion  of  gastric  juice  ;  even  if  the  sympathetic  branches  be 
divided  at  the  same  time,  secretion  still  goes  on  {Heidenhain).    This  experiment 
points  to  the  existence  of  local  secretory  centres  in  the  stomach.    But  there  is 
evidence  to  show  that  there  is  some  connection,  perhaps  indirect,  between  the  central 
nervous  system  and  the  gastric  glands.    Eichet  observed  a  case  of  complete  occlusion 
of  the  oesophagus  in  a  woman,  produced  by  swallowing  a  caustic  alkali.    A  gastric 
fistula  was  made,  through  which  the  person  could  be  nourished.    On  placing  sugar 
or  lemon  juice  in  the  person's  mouth,  Eichet  observed  a  secretion  of  gastric  juice. 
In  this  case  no  saliva  could  be  swallowed  to  excite  secretion,  so  that  it  must  have 
taken  place  through  some  nervous  channels.   Even  the  sight  or  smell  of  food  caused 
secretion.    Emotional  states  also  are  known  to  interfere  with  gastric  digestion.] 

Effect  of  Absorption.  —Heidenhain  isolated  a  part  of  the  mucous  membrane  of 
t\iQ  fundus  so  as  to  forma  blind  sac  of  it,  and  he  found  that  mechanical  stimulation 
caused  merely  a  scanty  local  secretion  at  the  spots  irritated.  If,  however,  at  the 
same  time,  absorption  of  digested  matter  also  occurred,  secretion  took  place  over 
larger  surfaces.  [He  distinguishes  a  primary  and  merely  local  secretion  excited  by 
the  mechanical  stimulus  of  the  ingesta,  and  a  secondary  depending  on  absorption, 
and  extending  to  the  whole  of  the  mucous  membrane.] 

The  statement  of  Schiff,  that  active  gastric  juice  is  secreted  only  after  absorption  of  the  so- 
called  peptogenic  substances  (especially  dextrin),  is  denied. 

The  acid  contents  of  the  stomach  called  chyme,  which  pass  into  the  duodenum 
after  gastric  digestion  is  completed,  are  netdralised  by  the  alkali  of  the  intestinal 
mucous  membrane  and  the  pancreatic  juice,  [at  the  same  time,  a  precipitate  is 
formed  and  deposited  on  the  walls  of  the  duodenum,  and  it  carries  the  pepsin  down 
with  it].  Part  of  the  pepsin  is  reabsorbed  as  such,  and  is  found  in  traces  in  the 
urine  and  muscle  juice  (Briicke).  If  the  gastric  juice  be  completely  discharged  ex- 
ternally through  a  gastric  fistula,  the  alkalinity  of  the  intestine  is  so  strong  that 
the  urine  becomes  alkaline  {Maly). 

The  acid  gastric  juice  of  the  ne-w-bom  child  is  already  fairly  active  ;  casein  is  most  easily 
digested  by  it,  then  fibrin  and  the  other  proteids  {Zwcifel).  When  the  amount  of  acid  is  too 
great  in  the  stomach  of  sucklings,  large  firm  indigestible  masses  of  casein  arc  apt  to  be  formed, 
espeoiallv  after  the  use  of  cow's  inilk  (§  230). 

[Action  of  Drugs  on  Gastric  Secretion.  -Dilute  alkalies,  if  given  before  food  ;  saliva  ;  some 
substances  called  peptogens  by  Schilf,  such  as  dextrin  and  peptones,  alcohol  and  ether,  all 
excite  secretion,  the  last  being  very  powerful.  When  the  secretion  is  excessively  acid,  antacids 
are  given,  some  diminishing  the  acidity  in  the  stomach,  as  the  carbonates  and  bicarbonatos  ot 
the  alkalies,  liquor  potassas,  and  the  carbonate  of  magnesia ;  while  the  citrates  and  tartrates  ot 
the  alkalies,  becoming  converted  into  carbonates  in  their  passage  through  the  organism,  dimiinsn 
the  acidity  of  the  urine.]  Small  doses  of  alcohol,  introduced  into  the  stomach,  "'crease  the 
secretion  of  gastric  juice  ;  large  doses  arrest  it.  Artificial  digestion  is  alTectcd  by  10  Per  cent 
of  alcohol,  is  retarded  by  20  per  cent.,  and  is  arrested  by  stronger  doses.  Beer  and  wine  lunaer 
digestion,  and  in  an  undiluted  form  interfere  with  artificial  digestion. 
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165.  METHODS  OF  OBTAINING  GASTRIC  JUICE.— Historical— Smllanzaiii  caused 
.starving  animals  to  swallow  small  pieces  of  sponge  enclosed  in  perforated  lead  capsules,  and 
after  a  time,  when  the  sponges  had  become  saturated  with  gastric  juice,  he  removed  them  from 
the  stomach.  To  avoid  the  admixture  of  saliva,  the  sponges  are  best  introduced  tlirough  an 
opening  in  the  fesophagus.  Dr  Beaumont  (1825),  an  American  physician,  was  the  first  to 
■obtain  human  gastric  juice,  from  a  Canadian  named  Alexis  St  Martin,  who  was  injured  by  a 
-gun-shot  wound,  whereby  a  permanent  gastric  fistula  was  established.  Various  substances 
were  introduced  through  the  external  opening,  which  was  partially  covered  with  a  fold  of  skin, 
and  the  time  required  for  their  solution  was  noted.  Bassow  (1842),  Blondlot  (1843),  and  Bar- 
deleben  (1849)  were  thereby  led  to  make  artificial  gastric  fistulse. 

Gastric  Fistula.— The  anterior  abdominal  wall  is  opened  by  a  median  incision  just  below  the 
-ensiform  cartilage,  the  stomach  is  exposed,  and  its  anterior  wall  opened  and  afterwards  stitched 
to  the  margins  of  the  abdominal  walls.  A  strong  cannula  is  placed  in  the  fistula  thus  formed. 
The  tube  is  kept  corked.  If  the  ducts  of  the  salivary  glands  be  tied,  a  perfectly  uncomplicated 
object  for  investigation  is  obtained. 

According  to  Leube,  dilute  human  gastric  juice  may  be  obtained  by  means  of  a  syphon-like 
tube  introduced  into  the  stomach.    Water  is  introduced  first,  and  after  a  time  it  is  withdrawn. 

An  important  advance  was  made  when  Eberle  (1834)  prepared  artificial  gastric  juice,  by 
-extracting  the  pepsin  from  the  gastric  mucous  membrane  with  dilute  hydrochloric  acid.  Four 
litres  of  solution  of  hydrochloric  acid,  containing  4  to  8  c.c.  HCl  per  1000,  are  sufficient  to  exti-act 
the  chopped-up  mucous  membrane  of  a  pig's  stomach.  Half  a  litre  is  infused  with  the  stomach  and 
renewed  every  six  hours.  The  collected  fluid  is  afterwards  filtered.  The  substance  to  be  digested 
is  placed  in  this  fluid,  and  the  whole  is  kept  at  the  temperature  of  the  body,  but  it  is  necessary 
to  add  a  little  HCl  from  time  to  time  {Schwann).  The  HCl  may  be  replaced  by  ten  times  its 
volume  of  lactic  acid  and  also  by  nitric  acid  ;  while  oxalic,  sulphuric,  phosphoric,  acetic,  formic, 
succinic,  tartaric,  and  citric  acids  are  much  less  active  ;  butyric  and  salicyclic  acids  are  inactive. 

Von  Wittich's  Method. — (a)  Glycerine  extracts  pepsin  in  a  very  pure  form.  The  mucous 
membrane  is  riibbed  up  with  powdered  glass  until  it  forms  a  pulp,  mixed  with  glycerine,  and 
allowed  to  stand  for  eight  days.  The  fluid  is  pressed  through  cloth,  and  the  filtrate  mixed  with 
alcohol,  thus  precipitating  the  pepsin,  which  is  washed  with  alcohol  and  afterwards  dissolved  in 
the  dilute  HCl,  to  form  an  artificial  digestive  fluid,  {b)  Or  the  mucous  membrane  may  be 
placed  for  twenty-four  hours  in  alcohol,  and  afterwards  dried  and  extracted  for  eight  days  with 
glycerine,    (c)  Wra.  Roberts  has  used  other  agents  for  extracting  enzymes  (§  148). 

Preparation  of  Pure  Pepsin.— Briicke  pours  on  the  pounded  mucous  membrane  of  the  pig's 
stomach  a  5  per  cent,  solution  of  phosphoric  acid,  and  afterwards  adds  lime-water  until  the 
acid  reaction  is  scarcely  distinguishable.  A  copious  precipitate,  which  carries  the  pepsin  with 
it,  is  produced.  This  precipitate  is  collected  on  cloth,  repeatedly  washed  with  water,  and 
afterwards  dissolved  in  very  dilute  HCl.  A  copious  precipitation  is  caused  in  this  fluid,  by 
gradually  adding  to  it  a  mixture  of  cholesteriu  in  four  parts  of  alcohol  and  one  of  ether.  The 
cholesterin  pulp  is  collected  on  a  filter,  washed  with  water  containing  acetic  acid,  and  after- 
wards with  pure  water.  The  cholesterin  pulp  is  placed  in  ether  to  dissolve  the  cholesterin,  and 
the  ether  is  then  removed.    The  small  watery  deposit  contains  the  pepsin  in  solution. 

Pepsin  so  prepared  is  a  colloid  substance ;  it  does  not  react  like  albumin  with 
the  following  tests,  viz.: — It  does  not  give  the  xanthroprotein  reaction  (§  248),  is 
not  precipitated  by  acetic  acid  and  potassium  ferrocyanide,  nor  by  tannic  acid, 
mercuric  chloride,  silver  nitrate,  or  iodine.  In  other  respects  it  belongs  to  the 
group  of  albuminoids.  It  is  rendered  inactive  in  an  acid  fluid  by  heating  it  to 
55°  to  60°  C. 

166.  PROCESS  OF  GASTRIC  DIGESTION.— [In  the  process  of  gastric 
digestion  we  have  to  consider — 

1.  The  secretion  of  gastric  juice  and  its  action  on  food. 

2.  The  absorption  of  the  products  of  this  digestion. 

3.  The  movements  of  the  stomach  itself.] 

Chyme.— The  finely  divided  mixture  of  food  and  gastric  juice  is  called  chyme 
The  gastric  juice  acts  upon  certain  constituents  of  chyme. 

I.  Action  on  Proteids. —Pepsin  and  the  dilute  hydrochloric  acid,  at  the 
temperature  of  the  body,  transform  proteids  into  a  soluble  form,  to  which  Lehmann 
(1850)  gave  the  name  of  "peptone"  (§  249,  III.).  Fibrin  (or  coagulated  pro- 
teids) tost  becomes  clear  and  swollen  up. 

[It  is  commonly  stated  that  the  first  product  formed  during  the  gastric  digestion 
of  proteids  is  syntonm  or  para-peptone,  then  hemi-alhumose  or  pro-peptone,  and 
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finally  peptone.  The  products  vary,  however,  with  the  proteid  digested.  Kiihne 
has  shown  that  the  proteid  molecule  is  split  up,  and  yields  two  groups,  which  he 
calls  anti-peptone  and  hemi-peptone ;  the  former  can  be  split  up  into  leucin  and 
tyrosin  by  trypsin,  while  the  latter  does  not  undergo  this  change.  A  mixture  of  the 
two  he  calls  ampho-peptone. — The  intermediate  body  or  pro-peptone,  is  really  a 
mixture  of  several  bodies.  Kiihne  called  it  hemi-albumose.  These  intermediate 
bodies  from  albumin  are  called  al'bumoses,  from  globulins  globuloses,  from  casein 
caseoses.    Halliburton  calls  all  these  intermediate  bodies  "  proteoses."] 

Properties. — Hemi-albumose,  although  a  composite  body,  gives  the  following  reactions  : — It  is 
highly  solul)lo  in  water  ;  when  heated  to  50°  to  60°  it  becomes  somewhat  turbid,  but  when  boiled 
it  becomes  clear,  and  gets  turbid  again  on  cooling.  This  cflect  is  most  marked  when  it  is  treated 
with  acetic  acid  and  sodic  chloride,  or  the  latter  alone.  It  is  precipitated  by  acetic  acid  and 
potassic  ferrocyanide,  but  the  precipitate  disappears  on  heating  and  reappears  on  cooling.  It 
gives  the  biuret  rosy  tint  reaction  like  peptones.  It  is  ^precipitated  by  nitric  acid,  and  the  pi'e- 
cipitato  adheres  to  the  glass,  but  is  soluble  in  the  acid  with  tJie  aid  of  heat,  yielding  a  yellow 
iluid,  but  is  precipitated  on  cooling.  It  is  precipitated  by  boiling  with  acetic  acid  and  strong 
solution  of  sodic  sulphate,  raetaphosphoric  acid,  and  pyrogallic  acid  {Kuhna).  It  is  said  to  be 
present  in  all  animal  tissues  except  muscle  and  nerve  (§  293). 

[Al'bumoses  are  the  first  products  of  the  splitting  up  of  proteids  by  enzymes,  and 
from  them  peptones  are  ultimately  formed.  They  may  be  made  from  Witte's 
peptone,  or  by  the  peptic  digestion  of  fibrin.  Such  a  mixture,  on  being  neutralised 
with  sodic  carbonate,  gives  a  copious  precipitate  of  para-peptones,  which  can  be 
filtered  off,  leaving  a  clear  solution  of  albumoses.  On  saturating  the  clear  fluid 
with  NaCl,  a  dense  white  precipitate,  consisting  of  three  albumoses,  called  proto-, 
dys-,  and  hetero-albumose  is  obtained ;  a  fourth,  deutero-albumose,  remains  in 
solution,  but  can  be  precipitated  by  adding  acetic  acid.  If  the  albumose  precipitate 
be  treated  with  10  per  cent.  NaCl  solution,  proto-  and  hetero-albumose  are  dissolved, 
leaving  dys-albumose  undissolved.  Dialysis  of  the  saline  solution  precipitates 
hetero-albumose,  leaving  proto-albumose  in  solution.  It  is  probable,  however,  that 
hetero-  and  dys-albumose  are  identical,  or  that  the  former  is  merely  an  insoluble 
form  of  the  latter.  The  albumoses  are  bodies  intermediate  between  albumins  and 
peptones,  and  of  the  three,  deutero-albumose  is  nearest  to  peptones.] 

rPronerties.— Proto-albumose  is  soluble  in  distilled  water,  is  not  changed  by  heat,  but  is  pre- 
cipitated by  saturation  of  the  solution  with  sodic  chloride,  by  HNO3,  acetic  acid  and  potassic 
ferrocyanide,  copper  sulphate,  mercuric  chloride.  Deutero-albumose  is  very  like  the  foregoing, 
but  it  is  not  precipitated  by  HNO3  or  on  adding  sodic  chloride  to  saturation,  but  Feci^^tetion 
occurs  when  20  to  30  per  cent,  of  acetic  acid  is  added.  _  Hetero-albumose  resembles  a  globulm  m 
its  properties  ;  it  is  insoluble  in  distilled  water,  but  is  soluble  m  saline  so  ntions  (10  to  lo  pei 
cent  )  and  is  partly  precipitated  from  its  solution  by  saturation  with  NaCl  or  dialysis.  It  is 
coa^ulatecl  by  heat.^  AH  give  the  rosy-pink  colour  with  the  biuret-reaction,  and  they  are  all  pre- 
cipftated  byLturation  with  neutral  ammonia  sulphate,  which  peptones  are  not  {KuJmc  aiul 

%obtrisL  from  the  globulin  of  ox-serum  are  obtained  in  the  same  way  although  the  ferment 
has  much  less  action  ol  globulin  than  on  albumin.  Speaking  generally,  they  resemble  the 
albumoses].  .  . 

By  the  continued  action  of  the  gastric  juice,  the  pro-peptone  passes  into  a  true 
soluble  peptone.  The  unchanged  albumin  behaves  like  an  anhydride  with  respect 
to  the  peptone.  The  formation  of  peptone  is  due  to  the  taking  up  of  a  molecule 
of  water,  under  the  influence  of  the  hydrolytic  ferment  pepsin,  and  the  action 
takes  place  most  readily  at  the  temperature  of  the  body.  Gelatin  is  changed  into 
a  gelatin-peptone.  «  ii,  • 

According  to  Kiihne,  the  proteid  molecule  contains  two  substances  P'-«''°™^^^- 
and  hemi-afbumin.    Gastric  juice  atjiirst  converts  them  into  anti-albumose  and  ^^""-alb™, 
and  both  ultimately  into  anti-peptone  and  hemi-peptone  (§  170,  II.).   Only  the  latter  is  split  up 
by  trypsin  into  leucin  and  tyrosin. 

The  greater  the  amount  of  pepsin  (within  certain  limits),  the  more  rapidly  does 
the  solution  take  place.  The  pepsin  suffers  scarcely  any  change,  ^"^^'l^'^^^ 
taken  to  renew  the  hydrochloric  acid,  so  as  to  keep  it  at  a  uniform  amount,  tne 
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pepsin  can  dissolve  new  quantities  of  albumin.  Still,  it  seems  that  some  pepsin  is 
used  up  in  the  process  of  digestion  (Griitzner).  Proteids  are  introduced  into  the 
stomach  either  in  a  solid  (coagulated)  or  fluid  condition.  Casein  alone  of  the 
fluid  forms  is  precipitated  or  coagulated,  and  afterwards  dissolved.  The  non- 
coagulated  proteids  are  transformed  into  syntonin,  without  being  previously 
coagulated,  and  are  then  changed  into  pro-peptone  and  directly  peptonised,  i.e., 
actually  dissolved. 

When  albumin  is  digested  by  pepsin  at  the  temperature  of  the  body,  a  not  inconsiderable 
amount  of  heat  disappears,  as  can  be  proved  by  calorimetric  experiment  (Maly).  Hence,  the 
temperature  of  the  chyme  in  the  stomach  falls  0°'2  to  0°'6  C.  in  two  to  three  hours  {v.  Vintschcjav, 
and  Dietl). 

Coagulated  albumin  may  be  regarded  as  the  anhydride  of  the  fluid  form,  and  the 
latter  again  as  the  anhydride  of  peptone.  The  peptones,  therefore,  represent  the 
highest  degree  of  hydration  of  the  proteids. 

Hence,  peptones  may  be  formed  from  proteids  by  those  reagents  which  usually  cause  hydra- 
tion, viz.,  treatment  with  strong  acids  (from  fibrin,  with  0*2  HCl),  caustic  alkalies,  putrefactive 
and  various  other  ferments,  and  ozone. 

The  anhydride  proteid  has  been  prepared  from  the  hydrated  form.  Henniger 
and  Hofmeister,  by  boiling  pure  peptone  with  dehydrating  substances  (anhydrous 
acetic  acid  at  80°  C),  have  succeeded  in  decomposing  it  into  a  body  resembling 
syntonin. 

Peptones. — (1)  They  are  completely  soluble  in  water.  (2)  They  difiuse  very^ 
easily  through  membranes.  (3)  They  filter  quite  easily  through  the  pores  of  animal 
membranes.  (4)  They  are  not  precipitated  by  boiling,  nitric  acid,  acetic  acid  and 
potassium  ferrocyanide,  acetic  acid  and  saturation  with  common  salt.  (5)  They 
are  precipitated  hom  neutral  or  feebly  acid  solutions  by  mercuric  chloride,  tannic 
acid,  bile  acids,  and  phosiDhbro-molybdic  acid.  (6)  With  Millon's  reagent  they  react 
like  proteids,  and  give  a  red  colour,  and  with  nitric  acid  give  the  yellow  xantho- 
protein  reaction.  (7)  With  caustic  potash  or  soda  and  a  small  quantity  of  cupric 
sulphate,  [or  Fehling's  solution],  they  give  a  beautiful  rosy-red  colour,  the  biuret- 
reaction.    (8)  They  rotate  the  plane  of  polarised  light  to  the  left. 

[Kiihne  and  Chittenden,  making  use  of  the  fact  that  ammonium  sulphate  to 
saturation  precipitates  all  proteids  from  solution  except  peptone,  have  reinvestigated 
the  subject,  and  they  find  that  many  of  the  peptones  of  commerce  contain  albumoses. 
Pure  peptone  has  remarkable  properties.  When  dissolved  in  water,  it  hisses  and 
froths  like  phosphoric  anhydride,  heat  is  evolved,  and  a  brown  solution  is  formed. 
It  is  difficult  to  preserve  it.  It  is  not  precipitated  by  NaCl,  or  NaCl.  and  acetic 
acid,  but  is  completely  precipitated  by  phospho-tungstic  and  phospho-molybdic 
acids,  tannin,  iodo-mercuric  iodide,  picric  acid.  Peptones  have  a  cheesy  taste,  while 
albumin  and  albumoses  are  tasteless.] 

The  biuret-reaction  is  obtained  with  pro-peptone,  as  well  as  with  a  form  of  albumin,  which  is 
formed  during  artificial  digestion  and  is  soluble  in  alcohol.  It  is  called  "  alkophyr  "  by  Briicke. 
[fJarby  s  fluid-meat  gives  all  the  above  reactions,  and  is  very  useful  for  studying  the  tests  for 
peptones.]  •-•  ■  -  "  •'  ° 

The  rapidity  of  solutioii  of  fibrin  is  tested  by  placing  fibrin,  which  is  swollen  up  by  the 
action  of  0-2  per  cent.  HCl  in  a  glass  funnel,  and  adding  the  digestive  fluid,  observing  the 
rapidity  with  which  the  fluid,  the  altered  fibrin,  drops  fromlthe  funnel,  and  the  fibrin  disappears 
[hrun/iagen).  Or  the  fibrin  maybe  coloured  with  carmine,  swollen  up  in  01  per  cent.  HCl, 
and  placed  in  the  digestive  fluid.  The  more  rapidly  the  fluid  is  coloured  red,  the  more  energetic 
is  the  digestion.  ° 

Preparation.— Pure  peptones  are  prepared  by  taking  fluid  which  contains  them  and  neutraUs- 
ing  It  with  barium  carbonate,  evaporating  upon  a  water-bath,  and  filtering.  The  barium  is 
renioved  from  the  filtrate  by  the  careful  addition  of  sulphuric  acid,  and  subsequent  filtration. 

rTOma,ine8  — Brieger  extracted  from  gastric  peptones  by  amylic  alcohol  a  poptone-free  poison, 
with  actions  like  those  of  curara.  It  belongs  to  the  group  ot  ptomaines,  i.e.,  alkaloids  obtained 
irom  aead  bodies  or  decomposing  proteids.  [Ptomaines  are  identical  with  the  alkaloids  in 
plants,  and  many  have  been  isolated.    The  term  leucomaine  has  been  applied  by  Gautier  to 
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alkaloids  formed  by  the  decomposition  of  albuminous  bodies  during  the  normal  metabolic 
processes  taking  place  in  the  tissues.  They  are  not  formed  by  the  activity  of  inicro-organisms. 
Some  scorn  to  bo  formed  in  muscle,  and  are  closely  allied  to  creatin  and  xanthin.] 

Peptones  are  undoubtedly  those  modifications  of  albumin  or  proteids  whicli,  after 
tlieir  absorption  from  the  intestinal  canal  into  the  blood,  are  destined  to  make  good 
the  proteids  used  up  in  the  human  organism.  By  giving  peptones  (in.stead  of 
albumin)  as  food,  life  can  not  only  be  maintained,  but  there  may  even  be  an  increase 
of  the  body-weight  (Plosz  and  Maly,  AdamJcieivicz).  Very  probably,  before  being 
absorbed  into  the  blood-stream,  peptones  are  retransformed  into  serum-albumin 
(§  192). 

Conditions  affecting  Gastric  Digestion.  — The  presence  of  already-formed  peptones  interferes 
with  the  action  of  the  gnstvic  juice,  in  so  far  as  the  greater  concentration  of  the  fluid  interferes 
with  and  limits  the  mobility  of  the  fluid-particles.  Boiling,  concentrated  acids,  alum,  and 
tannic  acid,  aJkalinity  of  the  gastric  juice  {e.g.,  by  the  admixture  of  much  saliva),  abolish  the 
action  ;  also  sulphurous  and  arsenious  acids  and  potassic  iodide.  The  .salts  of  the  heavy  metals, 
which  cause  precipitates  with  pepsin,  peptone,  and  mucin,  interfere  with  gastric  digestion,  and 
so  do  concentrated  solutions  of  alkaline  salts,  common  salt,  magnesium  and  sodium  sulphates. 
A  small  quanity  of  NaCl  increases  the  secretion  (Oriitsner)  and  favours  the  action  of  pepsin. 
Alkalies  rapidly  destroy  pepsin,  but  less  rapidly  pro-pepsin  {Langley).  Alcohol  precipitates  the 
pepsin,  but  by  the  subsequent  addition  of  water  it  is  redissolved,  so  that  digestion  goes  on  as 
before.  Any  means  that  prevent  the  proteid  bodies  from  swelling  up,  as  by  binding  them 
firmly,  impede  digestion.  Slightly  over  half  a  pint  of  cold  water  does  not  seem  to  disturb 
healthy  digestion,  but  it  does  so  in  cases  of  disease  of  the  stomach.  Copious  draughts  of  water, 
and  violent  muscular  exercise,  disturb  digestion  ;  while  warm  clothing,  especially  over  the  pit 
of  the  stomach,  aids  it.  Menstruation  retards  gastric  digestion.  [Oddi  finds  that  the  presence 
of  large  quantities  of  ox  bile,  or  even  of  its  own  bile  in  the  stomach  of  a  dog,  does  not  affect  the 
activity  of  the  gastric  juice,  does  not  precipitate  peptones,  arid  does  not  excite  vomiting.] 

[Artificial  Digestion. — The  action  of  gastric  juice  on  proteids  may  be  observed 
outside  the  body,  and  we  can  prove,  as  is  shown  in  the  following  table,  after 
Eutherford,  that  pepsin  and  an  acid— e.^r.,  hydrochloric,  along  with  water — are 
essential  to  the  formation  of  gastric  peptones : — 


Beaker  A. 

Beaker  B. 

Beaker  C. 

Water. 

Pepsin,  0'3  per  cent. 
Fibrin. 

Water. 

HCl,  0-2  per  cent. 
Fibrin. 

Water. 

Pepsin,  0-3  per  cent. 
HOI,     0-2  „ 
Fibrin. 

Keep  all  in  water-bath  at  38°  C. 

Unchanged. 

Fibrin  swells  up,  becomes  clear,  and  is 
changed  into  acid-albumin  or  syntonin. 

Fibrin  ultimately  changed 
into  peptone. 

I  in  all  ammais,  gastric  aigesuonis  esBBULitiiiy  ciu  a,i,xu.  ^^i^^^v^y^^,  ^  _ — 

native  proteid,  fibrin,  albumin,  or  any  other  form  of  proteid,  and  the  end-product 
peptone,  there  are  numerous  intermediate  substances,  many  of  whose  properties  and 
characters  have  still  to  be  investigated. 

rExclusion  of  the  Stomach.— Ogata  finds  that  if  the  stomach  be  divided  at  the  pyloric  end  so 
as  to  exclude  the  stomach  from  the  digestive  apparatus,  a  dog  can  be  nourished  for  a  long  time 
by  introducing  food  through  the  pylorus  into  the  duodenum.  A  dog  has  lived  several  }  ears 
after  excision  of  its  stomach  [Czerny).  Raw  flesh  so  introduced  is  digested  more  rapidly  in  the 
small  intestine  than  in  the  stomach.  The  stomach  not  only  digests,  but  it  acts  on  the  connective- 
tissue  of  flesh  so  as  to  prepare  the  latter  for  intestinal  digestion.] 

II  Action  on  other  Constituents  of  Food.— Milk  coagulates  when  it  enters  the 
stomach,  owing  to  the  precipitation  of  the  casein,  and  in  doing  so  it  entangles 
some  of'  the  milk-globules.  During  the  process  of  coagulation,  heat  is  given 
off  The  free  hydrochloric  acid  of  the  gastric  juice  is  itself  sufficient  to  pre- 
cipitate it-  the  acid  removes  from  the  alkali-albuminate  or  casein  the  alkah  whicU 
keeps  it  in  solution.    Hammarsten  separated  a  special  ferment  from  the  gastric 
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juice — quite  distinct  from  pepsin— the  milk-curdlingf  ferment  -which,  quite  inde- 
pendently of  the  acid,  precipitates  the  casein  either  in  neutral  or  alkaline  solutions. 
It  is  this  ferment  or  rennet  which  is  used  to  coagulate  casein  in  the  making  of 
cheese.  [Eennet  is  an  infusion  of  the  fourth  stomach  of  the  calf  in  brine  (§  231). 
The  ferment  which  coagulates  milk  is  quite  distinct  from  pepsin.  If  magnesic  car- 
bonate be  added  to  an  infusion  of  calf's  stomach,  a  precipitate  is  obtained.  The 
■clear  fluid  has  strongly  coagulating  properties,  while  the  precipitate  is  strongly 
peptic.  ] 

The  action  of  the  milk-curdling  ferment  is  perhaps,  like  the  action  of  all  ferments,  a  liydration 
«f  casein  ;  it  is  greater  in  the  presence  of  0"2  HCI. 

One  part  of  the  rennet-ferment  can  precipitate  800,000  parts  of  casein.  When  casein 
•coagulates,  two  new  proteids  seem  to  be  formed — the  coagulated  proteid  which  constitutes 
■cheese,  and  a  body  resembling  peptone  dissolved  in  the  whey.  The  addition  of  calcium  chloride 
accelerates,  while  water  retards  the  coagulation  (§  231)  (Hammarstcn).  [A  ferment  similar  to 
rennet  is  contained  in  the  seeds  of  Withania  coagitlans  (S.  Lea).'} 

Casein  is  first  precipitated  in  the  stomach,  then  a  body  like  syntonin  is  formed,  and  finally 
peptone.  During  the  process,  a  substance  containing  phosphorus  and  resembling  nuclein 
^appears  [Luhavin). 

There  is  a  "lactic  acid  ferment"  also  present,  which  changes  milk-sugar  into 
lactic  acid  {Eammarsten).  Fart  of  the  milk-sugar  is  changed  in  the  stomach  and 
intestine  into  grape-sugar. 

Action  on  Carbohydrates. — Gastric  juice  does  not  act  as  a  solvent  of  starch, 
inulin,  or  gums.  Cane-sugar  is  slowly  changed  into  grape-sugar.  According  to 
Uffelmann,  the  gastric  mucus,  and  according  to  Leube,  the  gastric  acid,  are  the 
chief  agents  in  this  process.  On  albumenoids.- — During  the  digestion  of  true 
cartilage,  there  is  formed  a  chondrin-peptone,  and  a  body  which  gives  the  sugar- 
reaction  with  Trommer's  test.  Perfectly  pure  elastin  yields  an  elastin-peptone, 
similar  to  albumin-peptone,  and  hemi-elastin  similar  to  hemi-albumose.  A  very 
minute  quantity  of  fat  is  broken  up  into  glycerine  and  fatty  acids.  [On  neutral 
olive-oil  being  injected  into  the  stomach  of  a  dog,  after  several  hours— the  pylorus 
being  plugged  with  an  elastic  bag— it  partly  splits  up  and  yields  oleic  acid  {Gash 
■and  Ogata).] 

[We  still  require  further  observations  on  the  gastric  digestion  of  fats.  Eichet  observed  in 
his  case  of  fistula,  that  fatty  matters  remained  a  long  time  in  the  stomach,  and  Ludwig  found 
the  same  result  in  the  dog.  In  some  dyspeptics,  rancid  eructations  often  take  place  towards 
±he  end  of  gastiic  digestion.] 

ni.  Action  on  the  various  Tissues.— (1)  The  gelatin-yielding  substance  (collagen)  of  all  the 
•connective-tissues  (connective-tissue,  white  fibro-cartilage,  and  the  mati'ix  of  bone),  as  well  as 
glutm,  is  dissolved  and  peptonised  by  the  gastric  juice.  [Gelatin,  when  acted  on  by  gastric  juice, 
no  longer  solidifies  in  the  cold,  but  a  gelatin-peptone  is  formed,  which  is  soluble  and  dififusible, 
although  it  diff^ers  from  true  peptone.  In  the  dog,  connective-tissues  are  specially  acted  on  in 
the  stomach,  while  the  other  parts  of  organs  used  as  food  are  prepared  for  digestion  in  the  small 
.intestine,  where  the  cellular  and  nuclear  elements  are  digested  by  the  pancreatic  juice 
imicfalvi).}  (2)  The  structureless  membranes  (membranfe  proprice)  of  glands,  sarcolemma, 
bchwanns  sheath  of  nerve-fibres,  capsule  of  the  lens,  the  elastic  lamince  of  the  cornea,  the 
memtones  of  fat-cells  are  dissolved,  but  the  true  elastic  (fenestrated)  membranes  and  fibres  are 
not  affected  (3)  Striped  muscle,  after  solution  of  the  sarcolemma,  breaks  up  transversely  into 
ciiscs,  and,  like  non-stnped  muscle,  is  dissolved,  and  forms  a  true  soluble  peptone,  but  parts  of 
the  muscle  always  pass  into  the  intestine.  (4)  The  albuminous  constituents  of  the  soft  cellular 
«Lements  of  glands,  stratified  epithelium,  endothelium,  and  lymph-cells,  form  peptones,  but  the 
nuclein  of  the  niiclei  does  not  seem  to  be  dissolved.  (5)  The  horny  parts  of  the  epidermis, 
nails,  Haiv,  as  well  as  chitm,  silk,  conchioliu,  and  spongin  of  the  lower  animals  are  indigestible, 
and  so  are  amyloid-substance  and  wax.  (6)  The  red  blood-corpuscles  are  dissolved,  the  hasmo- 
globm  decomposed  into  hcematin  and  a  globulin-like  substance  ;  the  latter  is  peptonised,  while 
FiL-°™''''  v"'  ,»n'5li''i°ged,  and  is  partly  absorbed  and  transformed  into  bile-pigment. 
Iw  IS  easily  dissolved  to  form  hemi-  and  anti-peptone.  (7)  Mucin,  which  is  also  secreted 
nl  r,!f^  .^       stomach,  passes  through  tlie  intestines  unchanged.  (8)  Vegetable  fats 

toLTlt -f  ft    ^„     ^'''^■"?         '  ^'^^^^  y^^^^'l  tli'^i^'  protoplasmic  contents  to  form  pcp- 

wL  ^^.f  ""^^^fT  °^  cdl-wall,  in  the  case  of  man  at  least,  remains  undigested  (§  184). 
6hZ,Vv  t\!fT^  itself._That  the  stomach 'can  digest  K^v,u,  thhigs  is 

Shown  by  the  following  facts  :-Bernard  introduced  the  leg  of  a  living  f?og  through  a  gastric 


252 


GASES  IN"  TIIE  STOMACH. 


digested.  His  experiments  go  to  show  that  the  alkalinity  of  the  blood  is  not  the  protective 
medium.]  The  margins  of  a  gastric  ulcer  and  of  gastric  fistulas  in  man  are  attacked  by  the 
gastric  juice.  John  Hunter  (1772)  discussed  the  (luestion  why  the  stomach  does  not  digest 
Itself.  Not  unfrequontly  after  death  the  posterior  wall  of  the  stomach  is  found  digested,  [more 
especially  if  the  person  die  after  a  full  meal  and  the  body  be  kept  in  a  warm  place,  whereby  the 
contents  of  the  stomach  may  escape  into  the  peritoneum.  CI.  Ikrnard  showed,  that  if  a  rabbit 
be  killed  and  placed  in  an  oven  at  the  temperature  of  the  body,  the  walls  of  the  stomach  are 
attacked  by  its  own  gastric  juice.  Fishes  also  are  frequently  found  with  their  stomach  par- 
tially digested  after  death].  It  would  seem,  therefore,  that,  so  long  as  the  circulation  continues,, 
the  tissues  are  protected  from  the  action  of  the  acid  by  the  alkaline  blood  ;  this  action  cannot 
take  place  if  the  reaction  be  alkaline  {Pavy).  [This,  however,  does  not  explain  why  the  pan- 
creatic juice  does  not  digest  the  pancreas.]  Ligature  of  the  arteries  of  the  stomach,  causes 
digestive  softening  of  the  gastric  mucous  membrane.  The  thick  layer  of  mucus  may  also  aid  in 
protecting  the  stomach  from  the  action  of  its  own  gastric  juice  {CI.  Bernard). 

167.  GASES  IN  THE  STOMACH.— The  stomach  always  contains  a  certain 
quantity  of  gas,  derived  partly  from  the  gases  swallowed  with  the  saliva,  partly  from 
gases  which  pass  backvs'ards  from  the  duodenum. 

The  air  in  the  stomach  is  constantly  undergoing  changes,  whereby  its  O  if* 
absorbed  by  the  blood,  and  for  1  vol.  of  O  absorbed  2  vols,  of  COg  are  returned  to 
the  stomach  from  the  blood.  Hence,  the  amount  of  O  in  the  stomach  is  very 
small,  the  COg  very  considerable  {Planer). 

Gases  in  the  Stomach. — Vol.  per  cent.  {Planer). 


Human  Subject  after  Vegetable  Diet. 

Dog. 

I- 

II. 

I. 

II. 

After  Animal  Diet. 

After  Legumes. 

co„, 

20-79 

33-83 

25-2 

32-9 

H,' 

6-71 

27-58 

72-50 

38-22 

68-7 

66-3 

0, 

■  0-37 

6-1 

0-8 

By  the  acid  of  the  stomach  a  part  of  the  COg  is  set  free  from  the  saliva,  which 
contains  much  COj  (§  146).    The  N  acts  as  an  indifferent  substance. 

Abnonnal  development  of  gases  in  persons  suffering  from  gastric  catarrh,  occurs  when  the 
gnstiic  contents  are  neutral  in  reaction  ;  during  the  butyric  acid  fermentation  H  and  CO,  are 
formed  ;  the  acetic  acid  and  lactic  acid  fermentations  do  not  cause  the 
formation  of  gases.    Marsh-gas  (CHj)  has  been  found,  but  it  comes  from, 
the  intestine,  as  it  can  only  be  formed  when  no  0  is  present  (§  184). 


f; 

168-  STRUCTURE  OF  THE  PANCREAS.— The  pancreas  is  a  com- 
pound tubular  gland,  and  in  its  general  arrangement  into  lobes,  lobules, 
and  system  of  ducts  and  acini,  it  corresponds  exactly  to  the  ti-ue 
salivary  glands.  The  epithelium  lining  the  ducts  is  not  at  all,  or  only 
faintly,  striated.  The  acini  are  tubular  or  flasked-shaped,  and  often 
convoluted.  They  consist  of  a  membrana  propria,  i-esembling  that  of 
the  salivary  glands,  lined  by  a  single  layer  of  somewhat  cylindrical 
cells,  with  a  more  or  less  conical  apex,  directed  towards  the  very  narrow 
lumen  of  the  acini.  [As  in  the  salivary  glands,  there  is  a  narrow 
intermediary  part  of  the  ducts  opening  into  the  acini,  and  lined  by 
flattened  epithelium.]  The  cells  lining  the  acini  consist  of  two  zones 
(fig.  186)  :— 

(1)  The  smaller  outer  or  parietal  layer  is  transparent,  homogeneous, 
sometimes  faintly  striated,  and  readily  stained  with  carmine  and  log- 
wood ;  and  (2)  the  inner  layer  (Bernard's  granular  layer)  is  granular,  and  stains  but  slightly 
with  carmine  (fig.  186).  It  undoubtedly  contributes  to  the  secretion  by  giving  otf  material, 
the  granules  being  dissolved,  while  the  zone  itself  becomes  smaller.  The  spherical  nucleus  lies 
between  the  two  zones.  [The  lumen  of  the  acini  is  very  small,  and  spindle-shaped  or  branched 
cells  (centro-acinar  cells)  lie  in  it,  and  send  their  processes  between  the  secretory  cells,  thus 
acting  as  supporting  cells  for  the  elements  of  the  wall  of  the  acini.    During  secretion,  there  is  a 


Fig.  186. 
Section  of  the  fresh 
pancreas. 
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■continuous  change  in  the  appearance  of  the  cell-substance  ;  the  granules  of  the  inner  zone  dis- 
solve to  form  part  of  the  secretion  ;  new  granules  are  formed  in  the  liomogeneous  substance  of 
the  outer  zone,  and  pass  towards  the  inner  zone  {Hddcnhain,  Kilhna  and  Lea). 

Changes  in  the  Cells  dxiring  Digestion.— During  tha  first  stage  (6  to  10  hours)  the  granular 
inner  zone  diminishes  in  size,  the  granules  disappear,  while  the  striated  outer  zone  increases  in 
size  (fig.- 187,  2).  In  the  second  stage  (10  to  20  hours)  the  inner  zone  is  greatly  enlarged  and 
granular,  while  the  outer  zone  is  small  (fig.  187,  3).  During  hunger  the  outer  zone  again 
enlarges  (fig.  187,  1).  In  a  gland  where  paralytic  secretion  takes  jjlace,  the  gland  is  much 
diminished  in  size,  the  cells  are  shrivelled  (fig.  187,  4)  and  greatly  changed.  According  to 
'Ogata,  some  cells  actually  disappear  during  secretion. 

The  axially-placed  excretory  duct  consists  of  an  inner  thick  and  an  outer  loose  wall  of  con- 
nective and  elastic  tissues,  lined  by  a  single  layer  of  columnar  epithelium.  Small  mucous 
glands  lie  in  the  largest  trunks.  Non-medullated  nerves,  with  ganglia  in  their  course,  pass  to 
the  acini,  but  their  mode  of  termination  is  unknown.  The  blood-vessels  form  a  rich  capillai-y 
plexus  round  some  acini,  while  round  others  there  are  very  few.  Kiihne  and  Lea  found  peculiar 
-small  cells  in  groups  between  the  alveoli,  and  supplied  with  convoluted  capillaries  like  clomeruli. 
Their  significance  is  entirely  ^ 
unknown.  [They  are  probably 
lymphatic  in  their  nature.] 
The  lymphatics  resemble  those 
of  the  salivary  glands.  When 
a  coloured  injection  is  forced 
into  the  ducts  under  a  high 
pressiu'e,  fine  intercellular  pas- 
sages between  the  secreting 
cells    are    formed  [Saviotti's  Fig.  187.. 

mnals),  but  they  are  artificial  Changes  of  the  pancreatic  cells  in  various  stages  of  activity  1 
^7vnll;L         71    f       T       ^""^S  liunger  ;  2,  in  the  first  stage  of  digestion  ;  3,  in  the 

[Number    of    Ducts. -In     second  stage  ;  4,  during  paralytic  secretion, 
making  experiments  upon  the 

pancreatic  secretion,  it  is  important  to  remember  that  the  number  of  pancreatic  ducts  vai-ies  in 
ditterent  animals.  In  man  there  is  one  duct  opening  along  with  the  common  bUe-duct  at  Vater's 
ampulla  at  the  junction  ot  the  middle  and  lower  third  of  the  duodenum.  The  rabbit  has  two 
ducts,  the  larger  opening  separately  about  14  inches  (30  to  35  cm.)  below  the  entrance  of  the 
I3ile-duct.    Ihe  dog  and  cat  have  each  two  ducts  opening  separately.] 

Chemistry.— The/?-c5A  pancreas  contains  :  water,  proteids,  ferments,  fats,  and  salts  In  a 
gland  which  has  been  exposed  for  some  time,  much  leucin,  isoleucin,  butalin,  tyrosin,  often 
xanthm  and  guanin,  are  found  :  lactic  and  fatty  acids  seem  to  be  formed  from  chemical  decom- 
positions taking  place. 

JStu^Y  f^^^f^^™  JmCE. -Method. -Regner  de  Graaf  (1664)  tied  a  cannula  in  the 
teZort^  fi«°t,  1    ^  T  ^'  ^'^'^  ^^'''^  ^^S-    Other  experimenters  made  a 

?W  .nl7^  f      •  7°  T\^-  \P^™a^f^t  the  abdomen  is  opened  (dog),  the  pancreatic 

cuts  o?it  IhP  ^'?1vr^.        ^'"^  abdominal  wall,  with  which  it  unites.  Heidenhain 

cuts  out  the  pait  of  the  duodenum  where  the  duct  opens  into  it,  from  its  continuity  with  the 
intestine,  and  fixes  it  outside  the  abdominal  wound. 

The  secretion  obtained  from  a  permanent  fistula  is  a  copious,  slightly  active 
watery  secretion  containing  much  sodium  carbonate  ;  while  the  thic/c  Mid  obtained 
trom  the  hstula  before  inflammation  sets  in,  or  that  from  a  temporary  fistula  acts 
far  more  energetically.  This  thick  secretion,  which  is  small  iu  amount,  is  the 
normal  secretion.  The  copious  watery  secretion  is  perhaps  caused  by  the  increased 
transudation  from  the  dilated  blood-vessels  (possibly  in  consequence  of  the  paralysis 

tL-'/sTd'^T'^T^''"''^;-.^*  is,  therefore,  in  a  certain  sense,  a  "paralytic  secre- 
tion  (§  145).    The  quantity  varies  much,  according  as  the  fluid  is  thick  or  thin 
^  dog  secretes  1  to  1-5  gramme  of  a  thick  secretion  (Ci. 

Bernaid)     Bidder  and  Schmidt  obtained  in  twenty-four  hours  35  to  117  grammes 

a  rZt  lll'ZT'^  '7  ^^^^       g^-d  -       secretin?,  and  is 

and  tnl  !i     t  lf''^     ^-  P^^'  yf^^^^^'^^^  colour,  but  during  secretion  it  is  red 
and  turgid  with  blood,  owing  to  the  dilatation  of  the  blood-vessels. 

anrl  hLTf  ^«  transparent,  colourless,  odourless,  saltish  to  the  taste, 

that  when  nn"f  ^"^.^l^^f/f^tion,  owing  to  the  presence  of  sodium  carbonate,  so 

Sbumtate  V?\-\ -S^'^^  ^^"t^i'^^  albumin  and  alkali- 

albuminate ,  it  is  sticky,  somewhat  viscid,  flows  with  difliculty,  and  is  coagulated 
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by  heat  into  a  white  mass.  In  the  cold,  there  separates  a  jelly-like  albuminous, 
coagulum.  Nitric,  hydrochloric,  and  sulphuric  acids  cause  a  precipitate  ;  while  the 
precipitate  caused  by  alcohol  is  redissolved  by  water.  CI.  Bernard  found  in  the 
pancreatic  juice  of  a  dog  8'2  per  cent,  of  organic  substances,  and  0'8  per  cent,  of 
ash.    The  juice  (dog)  analysed  by  Carl  Schmidt  contained  in  1000  parts  : — 

'  SocHc  chloride,     ,       .       .       7  '36 


Organic,     .       .  81-84 
SoUds,  90-38  in  Wnorganic,  .       .  8-54 
1000  parts.     y      (like  those  of 
blood-scrum). 


phosphate,         .       .  0-45 

sulphate,    .       ,       .  Q-IO 

Soda   0-32 

Lime   0-22 

Magnesia,    ,       .       .       .  0-05 

Potassic  sulphate,        .       .  0-02 

Ferric  oxide,       .       .       .  0-02 


The  more  rapid  and  more  profuse  the  secretion,  the  poorer  it  is  in  organic,  substances,  while 
the  inorganic  remain  almost  the  same  ;  nevertheless,  the  total  quantity  of  solids  is  greater  than 
when  the  quantity  secreted  is  small  {Bernstein).  Traces  of  leucin  and  soaps  are  present  in  the 
fresh  juice.  [It  usually  contains  few  or  no  structural  elements.  Any  structural  elements 
present  in  the  fresh  juice,  as  well  as  its  proteids,  are  digested  by  the  peptone-formmg  ferment 
of  the  juice,  especially  if  the  latter  be  kept  for  some  time.  If  the  fresh  juice  is  allowed  to  stand 
for  some  time,  and  then  mixed  with  chlorine  water,  a  red  colour  is  obtained.] 

Concretions  are  rarely  formed  in  the  pancreatic  ducts ;  they  usually  consist  of  calcic  carbonate. 
Dextrose  has  been  found  in  the  juice  in  diabetes,  aud  urea  in  jaundice.  Schifl-s  statement  that 
the  pancreas  secretes  only  after  the  absorption  of  dextrin,  has  not  been  confirmed. ^  The  secretory 
activity  of  the  pancreas  is  not  dependent  on  the  presence  of  the  spleen. 

170.  ACTION  OF  THE  PANCREATIC  JUICE.— The  presence  of  at  least 
four  enzymes,  or  hydrolytic  ferments,  makes  the  pancreatic  juice  one  of  the  most 

important  digestive  fluids  in  the  body. 

I.  Diastatic  action  is  due  to  the  diastatic  ferment,  amylopsin,  a  substance 
which  seems  to  be  identical  with  the  saliva  ferment ;  but  it  acts  much  more 
energetically  than  the  ptyalin  on  saliva,  on  raw  starch  as  well  as  upon  boiled 
starch  ;  at  the  temperature  of  the  body  the  change  is  effected  almost  at  once, 
while  it  takes  place  more  slowly  at  a  low  temperature.  Glycogen  is  changed  mto 
dextrin  and  grape-sugar ;  and  achroodextrin  into  sugar.  Even  cellulose  is  said  to  be 
dissolved,  and  gum  changed  into  sugar  by  it,  but  inuHn  remains  unchanged. 

According  to  v.  Mering  and  Musculus,  the  starch  (as  in  the  case  of  the  saliva,  §  148)  is 
changed  into  maltose,  and  a  reducing-dextrin  ;  so  also  is  glycogen.  Amylopsin  changes 
acbroodextrin  into  maltose  ;  at  40°  C.  maltose  is  slowly  changed  into  dextrose,  but  cane-sugar 
is  not  changed  into  invert-sugar.  The  ferment  is  precipitated  by  alcohol,  while  it  is  extracted  by 
glycerine  without  undergoing  any  essential  change.  All  conditions  which  destroy  the  diastatio 
fction  of  saliva  (§  148)  Smiltrly  affect  its  action  but  the  admixture  with  acid  ^as^tric  juice  (^ 
acid  being  neutralised)  or  bile  does  not  seem  to  have  any  injurious  influence.  This  feiment  is 
absent  from  the  pancreas  of  new-born  children  {Korowin).  ,  ,  .    ,     4.    r    /q  1^s^  • 

Prenaration.— The  ferment  is  isolated  by  the  same  methods  as  obtain  forptyalm  (§148) ,  but 
the  tryptic  ferment  is  precipitated  at  the  same  time.  The  addition  of  neutral  salts  (4  per  cent 
solution),  e.g.,  potassium  nitrate,  common  salt,  ammonium  chloride,  increases  the  diastati<^ 
action,  , 

II  Tryptic  action,  or  the  action  on  proteids,  depends  upon  the  presence  ot  a 
hydrolytic  ferment  which  is  now  termed  trypsin  {Kiihne).  Trypsin  acts  upon 
proteids  at  the  temperature  of  the  body,  when  the  reaction  is  alkaline ^ changes 
them  first  into  a  globulin-like  substance,  then  into  pro-peptone  or  albumose,  and 
lastly  into  a  true  peptone,  sometimes  called  tryptone.  The  albumoses  are  not  so 
abundant  or  so  easily  separated  as  in  gastric  digestion  (see  also  p.  24b).  ihe  pro- 
teids do  not  swell  up  before  they  are  changed  into  peptone,  [but  they  are  eroded 
or  eaten  away  by  the  action  of  the  juice].  When  the  proteid  has  been  previously 
swollen  up  by  the  action  of  an  acid,  or  when  the  reaction  of  the  medium  is  acid, 
the  transformation  is  interfered  with. 

Substances  vieldincr  rrelatiu,  nuclein,  and  Hb,  resist  trypsin  ;  glutin  and  swoUcn-up  gelat  n- 
yiSfS^an^^^^^^^^       changed  into'  gelatin-peptone,  but  the  latter  undergoes  no  further 
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change.  Hb-Oa  is  split  up  into  albumin  and  hainioclironiogeu.  In  othor  respects,  trypsin  acts 
on  tissues  containing  albumins  just  like  pepsin  (§  166,  III.). 

Trypsin  is  never  absent  from  the  pancreas  of  new-born  childi-en  (Zweifel),  and  it  may  be 
extracted  by  water,  which,  however,  also  dissolves  the  albumin.  Kiihne  has  carefully  separated 
the  albumin  and  obtained  the  ferment  in  a  pure  state.  It  is  soluble  in  water,  insoluble  in 
alcohol.  Pepsin  and  hydrochloric  acid  together  act  upon  trypsin  and  destroy  it;  hence  it  is 
not  advisable  to  administer  trypsin  by  the  mouth,  as  it  would  be  destroyed  in  the  stomach. 
When  dried  it  may  be  heated  to  160°  without  injury. 

Trypsin  is  formed  within  the  pancreas  by  a  "mother-substance,"  or  zymogen, 
taking  up  oxygen.  The  zymogen  is  found  in  small  amount,  6  to  10  hours  after 
a  meal,  in  the  inner  zone  of  the  secretory  cells,  but  after  16  hours  it  is  very  abund- 
ant in  the  inner  zone  of  the  cells.  It  is  soluble  in  water  and  glycerine.  Trypsin 
is  formed  in  the  watery  solution  from  the  zymogen,  and  the  same  result  occurs  when 
the  pancreas  is  chopped  up  and  treated  with  strong  alcohol  {Kiihne).  The  addition 
of  sodium  chloride,  carbonate,  and  glycocholate,  favours  the  activity  of  the  tryptic 
ferment  {Meidenhain).  [The  following  facts  show  that  zymogen  {Ivixrj,  ferment),  or, 
as  it  has  been  called,  trypsinogen,  is  the  precursor  of  trypsin,  that  it  exists  in' the 
gland-cells,  and  requires  to  be  acted  upon  before  trypsin  is  formed.  If  a  glycerine 
extract  be  made  of  a  pancreas  taken  from  an  animal  just  killed,  and  if°  another 
extract  be  made  from  a  similar  pancreas  which  has  been  kept  for  24  hours  it  will 
be  found  that  an  alkaline  solution  of  the  former  has  practically  no  effect  on  fibrin 
while  the  latter  is  powerfully  proteolytic.  If  a  fresh,  and  still  warm,  pancreas  be 
rubbed  up  with  an  equal  volume  of  a  1  per  cent,  solution  of  acetic  acid,  and  then 
extracted  with  glycerine,  a  powerfully  proteolytic  extract  is  at  once  obtained. 
Trypsin  is  formed  from  zymogen  by  the  action  of  acetic  acid.  There  is  reason  to 
beheve  that  trypsin  is  formed  from  zymogen  by  oxidation,  and  that  the  former 
loses  Its  proteolytic  power  after  removal  of  its  oxygen.  The  amount  of  zymoo-eu 
present  in  the  gland-cells  seems  to  depend  upon  the  number  and  size  of  the 
granules  present  in  the  inner  granular  zone  of  the  secretory  cells.] 

Further  Effects.— When  trypsin  is  allowed  to  act  upon  the  hemi-peptone 
formed  by  its  own  action,  the  latter  is  partly  changed  into  the  amido-acid,  leucin 
or  amido-caproic  acid  {C,ll,^m,),  and  tyrosin  (CgH^.NOg),  which  belongs  to  the 
aromatic  series  (§  252,  IV.  3).  Hypoxanthin,  xanthin,  and  aspartic  or  amido  succinic 
acid  (^H^^IOJ,  are  also  formed  during  the  digestion  of  fibrin  and  gluten,  and  so 
are  glutamic  (C5H9NO,)  and  amido-valerianic  acid  (QH^^NOa).  Gelatin  is  first 
changed  into  a  geletin-peptone,  and  afterwards  is  decomposed  into  qlvcin  and 
ammonia.  ^ 

Putrefactive  Phenomena.— If  the  action  of  the  pancreatic  juice  be  still  further 
prolonged  especially  if  the  reaction  be  alkaline,  a  body  with  a  strong,  stinkincr, 
disagreeable  faecal  odour,  mdol  (CgH.N),  skatol  (C,H,N),  and  phenol  (C^ko),  and 
a  substance  which  becomes  red  on  the  addition  of  chlorine-water  {Bernark  Uv  it 
gives  with  bromme-water  first  a  pale  red  and  then  a  violet  tint  {Kiihne)],  volatile 
fatty  acids  are  formed  while,  at  the  same  time,  H,  CO,,  H,S,  CH,,  and  N  are  given 

putrelctionTfm  nl^^^^^  substances  just  mentioned  depends  upon 

S  or  }  -u^^'^  foi-«iation  IS  prevented  by  the  addition  of  salicylic 

^Kiihne).     ^      '  organisms  upon  which  putrefaction  depends 

solE^of  fibrin  placed  in  pancreatic  juice,  or  in  a  1  per  cent. 

ZT""^'^  ^o'^taining  the  ferment  trypsin,  peptones  are  rapidly 
hirthe  kl       When  we  compare  gastric  with  pancreatic  digestion,  we  find 
The  proces.  t^l  .  P™*^'^  ^'^^^'^ ^^^^^  ^^^y-       never  shells  up. 
a  1  tfpr  PP  V    ,  ?    '  f  ^"^.^^^^li^^  "tedium,  and  never  in  an  acid  one.    In  fact, 
I  JZ  thTt ;  '9""'  °f  '^^"^^      P^^y       '^^^  P^rt  assisting 

'  aE'ditS tin  ^  P^P^^-^'     g^^tric  digestion.  In 

gastric  digestion  acid-albumin  or  spitonin  is  formed  in  additio^  to  the  tiue  peptones 
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In  pancreatic  digestion  a  body  resembling  alkali-albumin,  which  passes  into  a 
globulin-like  body,  and  ultimately  into  a  peptone,  is  formed.  Of  the  peptones  so 
produced,  one  is  called  anti-peptone,  and  it  is  not  further  changed,  but  part  of  the 
proteid  is  changed  into  hemi-peptone.  This  body,  when  acted  upon,  yields  leucin 
and  tyrosin.  When  putrefaction  takes  place,  the  bodies  above-mentioned  are  also 
formed.  We  might  represent  the  action  of  trypsin  thus  : — Proteid  4-  trypsin  +  1 
per  cent,  sodium  carbonate,  kept  at  38°  C.  =  formation  of  a  globulin-like  body,  and 
then  anti-peptone  and  hemi-peptone  are  formed. 


Anti-peptone 

yields 

Hemi-peptone 

yields 

Normal  Digestive  Products. 

Putrefactive  Products. 

undei'goes  no 
further  change. 

Leucin, 
Tyrosin, 
Hyjioxanthin, 
Aspartic  Acid. 

Indol, 

Skatol, 

Phenol. 

Volatile  Fatty  Acids, 
H,  COo,  H'lS, 
CH„  N. 

It  seems  that  trypsin  in  pure  water  can  act  slowly  upon  fibrin  to  produce 
peptone.    Pepsin  cannot  do  this  without  the  aid  of  an  acid.] 

[Kuhne's  Pancreas  Powder. — This  is  prepared  by  the  prolonged  extraction  of 
fresh  pancreas  of  ox  with  alcohol  and  then  with  ether.  If  the  dry  powder  be 
extracted  for  several  hours  with  a  1  per  cent,  solution  of  salicylic  acid,  and  filtered, 
a  fluid  with  powerful  proteolytic,  but  no  diastatic,  properties  is  obtained.  Several 
hours  afterwards  much  tyrosin  may  separate  out,  which,  of  course,  must  be  removed 
by  filtration.  The  clear  fluid,  when  mixed  with  fibrin  and  a  1  per  cent,  solution  of 
sodic  carbonate,  rapidly  digests  fibrin.  If  it  be  desired  to  obtain  a  true  pancreatic 
digestion,  with  none  of  the  products  of  putrefaction,  the  mixture  must  be  strongly 
"  thymolised"  with  a  25  per  cent,  alcoholic  solution  of  thymol  {KUhne).] 

[Setschenow  finds  that  egg-albumin,  boiled  in  a  vacuum  at  35°-40°  C,  is  more  rapidly  digested 
than  fibrin  by  a  specially  prepared  trypsin.]  When  proteids  are  boiled  for  a  long  time  with 
dilute  H„S04,  we  obtain  peptone,  then  leucin  and  tyrosin  ;  gelatin  yields  ylycin.  Hypoxanthin 
and  xant'hin  are  obtained  in  the  same  way  by  similarly  boiling  fibrin,  and  the  former  may  even 
be  obtained  by  boiling  fibrin  with  water  (Chittenden).  _ 

It  is  very  remarkable  that  the  juice  of  the  green  fruit  of  the  papaya  tree,  or  Carica  papaya, 
possesses  di^^estive  properties  {Roy,  Wittnmck),  and  that  the  action  is  due  to  peptonising  ferment, 
closely  related  to  trypsin,  and  called  caricin  or  papain.  [It  forms  a  true  peptone,  an  luter- 
mediate  body,  and  leucin  and  tyrosin.  It  also  contains  a  milk-coagulating  ferment  (Marttii).^ 
The  milky  juice  of  the  fig-tree  has  a  similar  action.  Sprouting  malt,  vetch,  hop,  hemp  during 
sprouting,  and  the  receptacle  of  the  artichoke  contain  a  peptonising  ferment.  Leucm  tjTosin, 
glutamic  and  aspartic  acids,  and  xanthin  are  formed  in  the  seeds  of  some  plants  ;  hence  we 
uiay  assume  that  the  processes  of  decomposition  in  some  seeds  are  closely  allied  to  the  fermenta- 
tive actions  that  occur  in  the  intestine. 

III.  The  action  on  neutral  fats  is  twofold :— (1)  It  acts  upon  fats  so  as  to 
form  a  fine  permanent  emulsion.    (2)  It  causes  neutral  fats  to  take  up  a 
molecule  of  water  and  split  into  glycerine  and  their  corresponding  fatty  acids  :— 
{C,,R,M+  3(H20)  =  (C3HA)+  3(C,3H3  03). 

Tristeiirin.  Water.         Glycciine.  Stearic  Acid. 

The  latter  result  is  due  to  the  action  of  an  easily-decomposable  fat-splitting 
ferment  (CI.  Bernard),  also  called  steapsin.  Lecithin  is  decomposed  hy  it  into 
glycero-phosporic  acid,  neurin  and  fatty  acids.  The  fatty  acids  thus  liberated  are 
partly  saponified  by  the  alkali  of  the  pancreatic  and  intestinal  juices,  and  partly 
emulsionised  by  the  alkaline  intestinal  juice.  Both  the  soaps  and  emulsions  are 
capable  of  being  absorbed  (§191). 

Emnlsification.-The  most  important  change  effected  on  fats  in  the  small  intestine  is  t  ic 
nroduction  of  an  emulsion,  or  their  subdivision  into  exceedingly  minute  iiarticles  (§  191).  Jnis 
s  nccL  ary  in  order  that  the  fats  may  be  taken  up  by  the  lacteals.    If  the  fa    0  be  emulsified 
contain  a  K  fatty  acid,  i.e.,  if  it  be  slightly  rancid,  and  if  the  fluid  with  which  it  is  mixed 


SECKETION  OF  PANCREATIC  JUICE.  257 

be  alkaline,  emulsifieatiou  takes  place  extremely  rapidly  {BrUcke).  A  drop  of  cod-liver  oil, 
which  in  its  unpurified  condition  always  contains  fatty  acids,  on  being  placed  in  a  drop  of  0-3 
per  cent,  solution  of  soda,  instantly  gives  rise  to  an  emulsion  {Gad).  The  excessively  minute 
oil-globulcs  that  compose  the  emulsion  are  first  covered  with  a  layer  of  soap,  which  soon 
dissolves,  and  in  the  process  small  globules  are  detached  from  the  original  oil-globules.  The 
fresh  surface  is  again  covered  by  a  soap  film,  and  the  process  is  repeated  over  and  over  again 
until  an  excessively  fine  emulsion  is  obtained.  If  the  fat  contain  much  fatty  acid,  and  the 
solution  of  soda  be  more  concentrated,  "  myelin  forms "  are  obtained  similar  to  those  which 
are  formed  when  fresh  nerve-fibres  are  teased  in  water.  Animal  oils  emulsionise  more  readily 
than  vegetable  oils  ;  castor  oil  does  not  emulsionise  {Gad).  [It  is  extremely  difficult  to  obtain 
a  perfectly  neutral  oil,  as  most  oils  contain  a  trace  of  a  fatty  acid.  In  fact,  if  on  adding  a  weak 
solution  of  sodic  carbonate  to  oil  or  fatty  matters,  fluid  at  the  temperature  of  the  body,  an 
emulsion  is  obtained,  one  may  be  sure  that  the  oil  contained  a  fatty  acid,  so  that  Bernard's 
view  about  an  "  emulsive  ferment  "  being  necessary  is  not  endorsed.  The  fatty  acid  set  free  by 
the  fat-splitting  ferment  enables  the  alkaline  pancreatic  juice  at  once  to  i^roducG  an  emulsion.] 

Fat-Splitting  Ferment. —This  is  a  very  unstable  body,  and  must  be  prepared  from  the 
perfectly  fresh  gland  by  rubbing  it  up  with  powdered  glass,  glycerine,  and  a  1  per  cent,  solution 
of  sodic  carbonate,  and  allowing  it  to  stand  for  a  day  or  two  {Gi'iitzner).  [This  ferment  is  said 
to  cause  an  emulsion  of  oil  and  mucilage  tinged  blue  with  litmus  at  40°  C.  to  become  red 
{Gam(jee).  In  performing  this  experiment  notice  that  the  mucilage  is  perfectly  neutral,  as 
gum-arabic  is  frequently  acid.]  ' 

[Pancreatic  Extracts.  — The  action  of  the  pancreas  may  be  tested  by  making  a  watery  extract 
of  a  perfectly  fresh  gland.  Such  an  extract  always  acts  upon  starch  and  generally  upon  fats, 
but  this  extract  and  also  the  glycerine  extract  vary  in  their  action  upon  proteids  at  different 
times.  If  the  extract — watery  or  glycerine — be  made  from  the  pancreas  of  a  fasting  animal, 
the  tryptic  action  is  slight  or  absent,  but  is  active  if  it  be  prepared  from  a  gland  4  to  10  hours 
after  a  meal.  The  pancreatic  preparations  of  Benger  of  Manchester,  Savory  and  Moore,  or 
Burroughs  and  Welcome,  all  possess  active  diastatic  and  proteolytic  properties.  ] 

[Pancreas  Salt. — Prosser-James  proposes  to  employ  common  salt  mixed  with  pepsin,  whicli 
he  calls  peptic  salt ;  and  he  advocates  the  use  of  another  preparation  composed  of  the  pancreatic 
ferments  and  common  salt,  pancreatic  salt.] 

The  pancreas  of  new-bom  children  contains  trypsin  and  the  fat-decomposing  ferment,  but 
not  the  diastatic  one  {Zweifcl).  A  slight  diastatic  action  is  obtained  after  two  months,  but  the 
fuU  effect  is  not  obtained  until  after  the  first  year  {Korowin). 

IV.  The  pancreas  contains  a  milk-curdling  ferment,  which  may  be  extracted 
means  of  a  concentrated  solution  of  common  salt, 

171.  THE  SECRETION  OF  THE  PANCREATIC  JUICE.— Rest  and 

Activity.— As  in  other  glands,  we  distinguish  a  quiescent  state,  during  which 
the  gland  is  soft  and  pale,  and  a  state  of  secretory  activity,  during  which  the 
organ  swells  up  and  appears  pale  red.  The  latter  condition  only  occurs  after  a 
meal,  and  is  caused  probably  reliexly  owing  to  stimulation  of  the  nerves  of 
the  stomach  and  duodenum.  Kuhne  and  Lea  found  that  all  the  lobules  of  the 
gland  were  not  active  at  the  same  time.  The'  pancreas  of  the  herbivora  secretes 
umnterruptedly,  [but  in  the  dog  secretion  is  not  constant]. 

Time  of  Secretion.— According  to  Bernstein  and  Heidenhain  the  secretion 
begms  to  flow  when  food  is  introduced  into  the  stomach,  and  reaches  its  maximum 
-  to  3  hours  thereafter.  The  amount  falls  towards  the  5th  or  7th  hour,  and  rises 
^agam  (owing  to  the  entrance  of  the  chyme  into  the  duodenum)  towards  the  9  th 
and  11th  hour,  gradually  falling  towards  the  17th  to  24th  hour  until  it  ceases 
completely.  When  more  food  is  taken,  the  same  process  is  repeated.  As  a  general 
rule,  a  rapidly-formed  secretion  contains  less  solids  than  one  formed  slowly 

Condition  of  Blood-Vessels.— During  secretion,  the  blood-vessels  behave  like 
tne  blood-vessels  of  the  salivary  glands  after  stimulation  of  the  chorda— they 
dilate,  and  the  venous  blood  is  bright  red— thus,  it  is  probable  that  a  similar 
nervous  mechanism  exists,  [but  as  yet  no  such  mechanism  has  been  discovered], 
me  secretion  IS  excreted  at  a  pressure  of  more  than  17  mm.  Hg.  (rabbit). 

Jittect  of  Nerves.-The  nerves  arise  from  the  hepatic,  splenic,  and  superior 
mesenteric  plexuse.s,  _  together  with  branches  from  the  vagus  and  sympathetic, 
ihe  secretion  is  excited  by  stimulation  of  the  medulla  oblongata,  as  well  as  by 
direct  stimulation  of  the  gland  itself  by  induction-shocks.    [It  is  not  arrested  by 
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section  of  the  cervical  spinal  cord.]  The  secretion  is  suppressed  by  atropin  [in  the 
dog,  but  not  the  rabbit],  by  producing  vomiting,  by  stimulation  of  the  central  end  of 
the  vagus,  as  well  as  by  stimulation  of  other  sensory  nerves,  e.g.,  the  crural  and 
sciatic.  Extirpation  of  the  nerves  accompanying  the  blood-vessels  prevents  the 
above-named  stimuli  from  acting.  Under  these  circumstances,  a  thin  *' paralytic  se- 
cretion," with  feeble  digestive  powers,  is  formed,  but  its  amount  is  not  influenced  by 
the  taking  of  food.    [Secretion  is  excited  by  the  injection  of  ether  into  the  stomach.] 

Extirpation  of  the  gland  may  be  performed,  or  tlie  duct  ligatured  in  animals,  without  causing 
any  very  great  change  in  their  nutrition  ;  the  absorption  of  fat  from  the  intestine  does  not 
cease.  After  the  duct  is  ligatured  it  may  be  again  restored.  Ligature  of  the  duct  may  cause 
the  formation  of  cysts  in  the  duct  and  atrophy  of  the  gland-substance.  Pigeons  soon  die  after 
this  operation, 

[172.  PREPAEATION  OF  PEPTONISED  FOOD.— Peptonised  food  may 
be  given  to  patients  whose  digestion  is  feeble  {Roberts).  Food  may  be  pep- 
tonised  either  by  peptic  or  tryptic  digestion,  but  the  former  is  not  so  suitable 
as  the  latter,  because  in  peptic  digestion  the  grateful  odour  and  taste  of  the 
food  are  destroyed,  while  bitter  bye-products  are  formed,  so  that  pancreatic 
digestion  yields  a  more  palatable  and  agreeable  product.  As  trypsin  is  destroyed 
by  gastric  digestion,  obviously  it  is  useless  to  give  extract  of  the  pancreas  to  a 
patient  along  with  his  food.] 

[Peptonised  Milk. — "  A  pint  of  milk  is  diluted  with  a  quarter  of  a  pint  of  water  and  heated 
to  60°  C.    Two  or  three  tea-spoonfuls  of  Benger's  liquor  pancreaticus,  together  with  10  or  20 
grains  of  bicarbonate  of  soda,  are  then  mixed  therewith."    Keep  the  mixture  at  38°  C.  for 
about  two  hours,  and  then  boil  it  for  two  or  three  minutes,  which  arrests  the  ferment  action.] 
[Peptonised  Gruel,  prepared  from  oatmeal,  or  any  farinaceous  food,  is  more  agreeable  than 

peptonised  milk,  as  the  bitter 
SuWobular  Vein.  Intralobular  Vein.  flavour  does  not  appear  to  be 

developed    in    the  pancreatic 
digestion  oi  vegetable  proteids.] 

[PeptonisedMilk-Grruel  yi  elded 
Roberts  the  most  satisfactory  re- 
sults, as  a  complete  and  highly  nu- 
tritious food  for  weak  digestions. 
Make  a  thick  gruel  from  any . 
farinaceous  food,  e.g.,  oatmeal, 
and  while  still  hot  add  to  it  an 
equal  volume  of  cold  milk,  when 
the  mixtiire  will  have  a  tempera- 
ture of  52°  C.  (125°  F. ).  To  each 
pint  of  this  mixture  add  two  or 
three  tea-spoonfuls  of  liquor  pan- 
creaticus and  20  grains  of  bicar- 
bonate of  soda.  It  is  kept  warm 
for  two  hours  under  a  "  cosey." 
It  is  then  boiled  for  a  few  minutes 
and  strained.  The  bitterness  of 
the  digested  milk  is  almost  com- 
pletely covered  by  the  sugar  pro- 
duced' during  the  process.  ] 
Fig.  188.  [Peptonised  soups  and  beef-tea 

Section  of  human  liver,  x  20,  .showing  the  liver-lobules  and  have  also  been  made  and  used 
the  radiate  arrangement  of  their  cells  from  the  central  or  with  success,  and  have  been  ad- 
intralobular  vein.  mimstered  both  by  the  mouth 

and  rectum.] 

[Peptonising  powders  containing  the  proper  proportions  of  ferment  and  sodic  bicarbonate  are 
prepared  by  Benger,  and  Burroughs  and  Welcome.] 

173  STRUCTURE  OF  THE  LIVER.— The  liver,  the  largest  gland  in  the 
body  consists  of  innumerable  small  lobules  or  acini,  1  to  2  millimetres  (^V  to 
T^W  inch)  in  diameter.  These  lobules  are  visible  to  the  naked  eye.  All  the  lobules 
have  the  same  structure. 
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1.  The  Capsule.— The  liver  is  covered  by  a  thin,  fibrous,  iirmly-adherent  capsule,  which  has 
on  its  Iree  surface  a  layer  of  endothelium  derived  Irom  the  peritoneum.  The  capsule  sends  fine 
septa  into  the  organ  between  the  lobules,  but  it  is  also  continued  into  the  interior  at  the  trans- 
verse fissure,  where  it  surrounds  the  portal  vein,  hepatic  artery,  and  bile-duct,  and  accompanies 
these  structures  as  the  capsiUe  of  Glisson,  or  interlobular  connective-tissue.  The  spaces  in 
which  these  three  structures  lie  are  known  as  portal  canals.  In  some  animals  (pig,  camel  polar 
bear)  the  lobules  are  separated  from  each  other  by  the  somewhat  lamellated  connective-tissue 
of  Ghsson's  capsule,  but  in  man  this  is  but  slightly  developed,  so  that  adjoining  lobules  are 
more  or  less  fused.  Very  delicate  connective-tissue,  but  small  in  amount,  is  also  found  within 
the  lobules.    Leucocytes  are  sometimes  found  in  the  tissue  of  Glisson's  capsule 

2.  Blood-Vessels.— («)  Branches  of  the  Venous  System.— The  portal  vein,  after  its  enti-ance 
into  the  liver  at  the  portal  fissure,  gives  olf  numerous  branches  lying  between  the  lobules  and 
ultimately  forming  small  trunks  which  reach  the  periphery  of  the  lobules,  where  thev  form  a 
rich  plexus.   These  are  the  interlobular  veins  (figs.  188, 189,  F.i).   From  these  veins  numerous 

I  A 


1 

Fig.  189. 

I,  Scheme  of  a  Ijver-lobule— F.i,  V.i,  interlobular  veins  (portal) ;  V.c,  central  or  intralobular 
vein  (hepatic);  c,  c,  capillaries  between  both;  Ks,  sublobular  vein;  F.v,  vena  vascu- 
laris ;  A,A,  hepatic  artery,  giving  branches,  r,  r,  to  Glisson's  capsule  and  the  larger  vessels, 
and  ultimately  forming  the  venaj  vasculares  at  i,  i,  opening  into  the  intralobular  capil- 
laries; (/,  bile-cucts;  x,  x,  intralobular  biliary  channels  between  the  liver-cells:  cL  d, 
position  of  the  hver-cells  between  the  meshes  of  the  blood-capillaries,  ll,  Isolated  liver- 
cells— c,  a  blood-capillary ;  a,  fine  bile-capillary  channel. 

wv        "''^  flu"  ?^  ^"^^^^^  periphery  of  the  lobule.    The  capillaries  converge 

towards  the  centre  of  the  lobule.  As  they  proceed  inwards,  they  form  elongated  meshes,  and 
De  ween  the  capillaries  lie  rows  or  columns  of  liver-cells  {d,  d).  The  capillaries  are  relatively 
wwe,  and  are  so  disposed  as  to  he  between  the  edges  of  the  columns  of  cells,  and  never  between 
the  surfaces  of  two_  neighbouring  cells.  The  capillaries  converge  towards  the  centre  of  each 
lobuie,  where  they  join  to  form  one  large  vein,  the  intralobular,  hepatic,  or  central  vein  (V.c), 
from  / 1'"^''.^  lobule,  reaches  its  surface  at  one  point,  passes  out,  and  joins  similar  veins 
thP  nwl-  '1*°         ^l'"  sublobular  veins  ( V.s).    These  in  turn  unite  to  form  wide  reins, 

f  hepatic  vein,  which  opens  into  the  vena  cava  inferior. 
W  ine  branches  of  the  hepatic  artery  accompany  the  branches  of  the  portal  vein  and  bile- 
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duct  in  the  portal  canals  between  the  lobules,  and  in  their  course  give  off  capillaries  to  supply 
the  walls  of  the  portal  vein  and  lavffoi'  bilo-diicts.  The  branches  of  the  hepatic  artery  anasto- 
mose frequently  whore  they  lie  between  the  lobules.  On  reaching  the  periphery  of  the  lobides, 
a  certain  number  of  capillaries  are  given  olf,  which  penetrate  the  lobule  and  terminate  in  the 
capillaries  of  the  portal  vein  {i,  i).  These  capillaries,  however,  which  supply  the  walls  of  the 
portal  vein  and  large  bile-ducts  (r,  r),  terminate  in  veins  which  end  in  the  portal  vein  {V.v). 
Several  hviiuchcs— capsular — pass  to  the  surface  of  the  liver,  where  they  form  a  wide-meshed 
plexus  under  the  peritoneum.  The  blood  is  returned  by  veins,  which  open  into  branches  of  the 
portal  vein. 

[Hepatic  Zones. — Pathologists  draw  a  sharp  distinction  between  different  zones  within  a 
hepatic  lobule.  Thus  the  central  area,  capillaries,  and  cells  form  the  hepatic  vein  zone,  which 
is  specially  liable  to  cyanotic  changes  ;  the  area  next  the  periphery  of  the  lobule  is  the  portal 


Fig.  190.  Fig.  191. 

Human  liver-cells  containing  oil-globules,  b ;         Liver-cells  after  withholding  food  for 
d,  has  two  nuclei.  36  hours. 

vein  zone  whose  cells  under  certain  circumstances  are  particularly  apt  to  undergo  fatty  de- 
feneration':  while  there  is  an  area  lying  midway  between  the  two  foregoing— the  hepatic 
Irtei-y  zone— which  is  specially  liable  to  amyloid  or  waxy  degeneration.] 

3   The  hepatic  cells  (fig.  189,  II,  a)  are  irregular  polygonal  cells  of  about  rijVirth  of  an  inch 
(34  to  45  a)  in  diameter  (tig.  190).    The  arrangement  of  the  capillaries  within  a  lobule  deter- 
,  mines  the  arrangement  of  the 

I'inest  bile-duct.    Finest  bile-duct  divided.  liver-cells.      The  liver-cells 

form  anastomosing  columns 
which  radiate  from  the  centre 
to  the  periphery  of  each  lobule 
B,„o,^.  (fig.  191).  [the  Uver-ceUs 
vessel,  are  usually  stated  to  be  de- 
void of  au  envelope,  although 
Haycraft  states  that  they 
possess  one.  They  usually 
contain  a  single  nucleus,  with 
one  or  more  nucleoli,  but 
sometimes  two  nuclei  occur. 
The  protoplasm  and  nucleus 
of  each  cell  contain  a  plexus 
of  fibrils  just  like  other  epi- 
thelial cells.  In  some  animals, 
globules  of  oil  and  pigment- 
granules  are  found  in  the 
ceU-protoplasm  (fig.  190). 
Each  cell  is  in  relation  with 
the  wide-meshed  blood-capil- 
laries (d,  d),  and  also  with 
the  much  narrower  raeshwork 
of  bile-ducts  (I,  .r). 

Changes  in  Liver-Cells. — 
The  appearance  of  the  cells 
varies  with  the  period  of  di- 


Nucleus  of  a  Finest 
liver-cell.  bile-duct. 

Fig.  192. 

Blood- capillaries  •  finest  bile-ducts  in  then-  relative  position  in  a 
rabbit's  liver. 


rrestion  During  hunger,  the  liver-cells  are  finely  granular  and  very  cloudy  (fig.  ^1)'  t^"^ 
^onS  little  glycogen,  but  many  pigment-granules,  and  the  nucleus  is  f-f -^^^^^^^f , 
Often  free  nucleoli  and  pale  nuclei  are  ioxmd  {Ellcnberger  and  ^aum).  Uuung  activity,  i.e., 
nitei  a  full  meal  especially  of  starchy  f  oo.l,  the  cells  are  larger  and  more  distinct,  stain  more  deeplv 
w  treSin  an  i  co^'taini       gravies].'    The  protoplasm  contains 

glycogen  (fig.  194,  2),  and  near  the  surface  of  the  cell  it  is  condensed,  and  a  hue  net^^olk  stretclies 
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toward  the  centre  of  the  cell,  and  in  it  is  suspended  the  nucleus.  All  the  hepatic  tells  are 
not  in  the  same  phase  of  activity  at  the  same  time.  Afanassiew  iinds  that  if  the  formation  of 
bile  in  the  liver  be  increased  {e.g.j  hy  section  of  the  hepatic  nerves,  or  feeding  with  proteids), 
the  cells  are  moderately  enlarged  in  size,  and  contain  numerous  granules,  which  are  proteid  in 
their  nature  ;  such  cells  resist  the  action  of  caustic  potash.  When  there  is  a  great  formation 
of  glycogen  (as  after  feeding  with  potatoes  and  sugar),  all  the  cells  are  very  large  and  sharply 
defined,  and  contain  many  granules  of  glycogen,  the  cells  being  so  large  as  to  compress  the 
capillaries.    These  cells  dissolve  quickly  in  caustic  potash. 

Action  of  Drugs. — Some  substances  excite  the  cells  to  activity,  and  cause  them  to  i)rescnt  the 
appearance  of  cells  in  activity,  e.cf.,  pilocarpin,  muscarin,  aloes,  less  so  salicylate  and  benzoate 
of  soda  and  rhubarb,  while  atropin  and  lead  acetate  inhibit  the  signs  of  activity.  These  results 
were  obtained  in  the  horse  by  Ellenberger  and  Baum.  [Stolnikow,  by  using  the  quadruple- 
staining  method  of  Gaule,  finds  that  the  hepatic  cells  of  the  frog  undergo  remarkable  changes 
in  poisoning  by  phosphorus.  It  is  well  known  that  this  drug  produces  fatty  degeneration  of 
the  liver-cells,  but  a  deeper  study  shows  that  the  changes  are  both  histological  and  chemical. 
Besides  producing  remarkable  changes  in  the  protoplasm  of  the  cell,  the  protoplasm  of  the 


Fig.  193. 

Liver-cells  of  frog,    a,  early,  and  b,  late  stage  in  poisoning  by  phosphorus ;  c,  liver-cell  of 
frog  getting  water  only,  d,  getting  sugar,  and  e,  peptone  {Stirling  after  Stolnikoiv). 

nucleus,  in  the  form  of  small  masses  called  plasmosoma,  passes  out  into  the  cell-body,  perhaps 
to  renew  the  latter.  The  cells  are  increased  in  size,  both  after  poisoning  with  phosphorus  and 
after  excision  of  the  fat  bodies  in  the  frog  (fig.  193).  The  fat  present  in  the  liver  in  phosphorus- 
poisoning  is  not  present  as  droplets  of  oil,  but  probably  in  a  loose  combination,  e.g.,  lecithin, 
and  as  a  matter  of  fact  the  amount  of  liver-lecithin  is  extraordinarily  increased.  There  is  also  an 
increase  of  the  nuclein  ;  while  glycogen  is  absent.  The  season  of  the  year  also  affects  them. 
There  is  a  period  of  growth  from  July  to  November,  and  one  of  decay  from  December  to  May 
'{A.  Lemiarcl).    Antipyrin  also  produces  profound  changes,  especially  in  the  nuclei.] 

4.  The  Bile-Ducts. — The  finest  bile-capillaries,  channels,  or  canaliculi  arise  from  the  centre  of 
the  lobule,  and  indeed  throughout  the  whole  lobule  they  form  a  regular  anastomosing  network 
of  very  fine  tubes  or  channels.  Each  cell  is  surrounded  by  a  polygonal — usually  hexagonal — 
mesh  (fig.  194,  3).  The  bile-capillaries  always  lie  in  the  middle  of  the  surface  between  two 
adjoining  cells  (II,  a),  where  they  form  actual  intercellular  passages  (fig.  192).  [According 
to  some  observers,  they  are  merely  excessively  narrow,  channels  (1  to  2  wide)  in  the  cement 
substance  between  the  cells,  while  according  to  others  they  have  a  distinct  delicate  wall.  The 
bile-capillary  network  is  much  closer  than  the  blood-capillary 
network.    [Thus,  there  are  three  networks  within  each  lobule — 

(1)  A  network  of  blood-capillaries  ; 

(2)  „  hepatic  cells ; 

(3)  ,,  bile- capillaries;  (fig.  192).] 

Excessively  minute  intracellular  passages  are  said  to  pass  from 
the  bile-capillaries  into  the  interior  of  the  liver-cells,  where  they 
communicate  with  certain  small  cavities  or  vacuoles  {Asp,  Kupffcr)  ^' 
(fig.  194,  3).  As  the  blood-capillaries  run  along  the  edge  of  the 
liver-cells,  and  the  bile-capillaries  between  the  opposed  surfaces 
of  adjacent  cells,  the  two  systems  of  canals  within  the  lobule  are 
kept  separate.  Some  bile-capillaries  run  along  the  edges  of  the 
liver-cells  in  the  human  liver,  especially  during  embryonic  life. 
Towards  the  peripheral  part  of  the  lobule,  the  bile-capillaries  are 

larger,  while  adjoining  channels  anastomose,  and  leave  the  lobule,  where  they  become  inter- 
lobular ducts  {g),  which  join  with  other  similar  ducts  to  form  larger  interlobular  bile-ducts, 
ihese  accompany  the  hepatic  artery  and  portal  vein,  and  leave  the  liver  at  the  transverse 
hssure.  The>«-  niterlobular  ducts  frequently  anastomose  in  Glissou's  capsule,  possess  a  struc- 
tureless  basement  membrane,  and  are  lined  by  a  single  layer  of  low  polyhedral  epitliclial  cells. 
The  larger  interlobular  ducts  have  a  distinct  wall,  consisting  of  connective  and  elastic  tissue 


Fig.  194. 
Liver-cell  during  fasting; 
2,  containing  masses  of  gly- 
cogen ;  3,  a  liver-cell  sur- 
rounded with  bile-channels, 
from  which  fine  twigs  pro- 
ceed into  the  cell-substance 
to  end  in  vacuoles. 
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mixed  with  circulavly-disposecl  smooth  muscular  fibres  (lig.  195).  Capillaries  are  supplied  to 
the  wall,  which  is  lined  by  a  single  layer  of  columnar  epithelium.  A  sub-mucosa  occurs  only 
in  the  largest  bile-ducts,  and  iu  the  gall-bladder.    Smootli  muscular  fibres,  arranged  in  single 

bundles,  occur  in  the  lai'gest  ducts,  and  as  longitudinal  and 
circular  layers  in  the  gall-bladder,  whose  mucous  membrane 
is  provided  with  numerous  folds  and  depressions.  The 
Circular  0'.)^'^ p'%,.     epithelium  lining  the  gall-bladder  is  cylindrical,  with  a  die- 
flbres.       •      '^/^ly     Z^^^^t:  ^^^^'^i  '^"'1  between  these  cells  are  goblet-cells. 

Small  branched  tubular  mucous  glands  occur  in  the  larger 
bile-ducts  and  in  the  gall-bladder. 

Vasa  aberrantia  are  isolated  bile-ducts  which  occur  on 
Cylindrical      V]^|fe ")  /i^/i^^       surface  of  the  liver,  but  liave  no  relation  to  any  system 

epithelium.     ^WpM  ^ ''f/M  of  livev-lobules.    They  occur  at  the  sharp  margin  of  the 
o.'    Af^^      .      liver,  in  the  region  of  the  inferior  vena  cava,  of  the  gall- 
bladder, and  of  the  parts  near  the  portal  lissure.    It  seems 
that  the  liver-lobules  to  which  they  originally  belonged 
have  atrophied  and  disappeared  [Zuckerkandl  aiul  Toldt). 
Fig.  195.  5.  The  lymphatics  begin  as  pericapillary  tubes  around 

Interlobular  bile-duct  (human),  the  capillaries  within  the  lobules,  emerge  from  the  lobule, 

and  run  loithin  the  wall  of  the  branches  of  the  hepatic  and 
portal  veins,  and  afterwards  surround  the  venous  trunks,  thus  forming  the  interlobular  lym- 
phatics. These  unite  to  form  larger  trunks,  which  leave  the  liver  partly  at  the  portal  fissure, 
partly  along  with  the  hepatic  veins,  and  partly  at  different  points  on  the  surface  of  the  organ. 
There  is  a  narrow  superficial  meshwork  of  lymphatics  under  the  peritoneum — sub-periloneal — 
which  communicate  with  the  thoracic  lymphatics  through  the  triangular  ligament  and  suspen- 
sorium,  while  on  the  under  surface  they  communicate  with  the  lymphatics  of  the  interlobular 
connective-tissue. 

6.  The  nerves  consist  partly  of  medullated  and  partly  of  non-medullated  fibres  from  branches 
•of  the  sympathetic  and  left  vagus  to  the  hepatic  plexus.  They  accompany  the  branches  of  the 
hepatic  artery,  and  ganglia  occur  on  their  branches  within  the  liver.  Some  of  the  nerve-fibres 
are  vaso-motor  in  function,  and,  accordiilg  to  Pfliiger,  other  nerve-fibres  terminate  directly  in 
connection  with  liver-cells.  [MacCalliun  describes  an  interlobular  plexus  of  non-medullated 
fibres  in  man  and  menobranchus,  from  which  a  peri-vascular  and  intercellular  plexiLS  proceeds. 
From  the  latter  fibrils  pass  to  terminate  within  the  cells  near  the  nucleus.] 

Pathologrical. — The  connective-tissue  between  the  lobules  may  undergo  great  increase  in 
amount,  especially  in  alcohol-  and  gin-drinkers,  and  thus  the  substance  of  the  lobules  may  be 
greatly  compressed,  owing  to  the  cieati'icial  contraction  of  the  newly-formed  connective-tissue 
(cirrhosis  of  the  liver).  In  such  interlobular  connective-tissue,  newly-formed  bile-ducts  are 
found. 

Ligature  of  the  ductus  choledochus  [causes  enlargement  of  the  spleen  (rabbit),  and  a 
diminution  iu  the  number  of  the  blood-corpuscles],  and,  after  a  time,  interstitial  inflammation 
of  the  liver.  In  rabbits  and  guinea-pigs  the  liver-parenchyma  disappears,  and  its  place  is 
taken  by  newly-formed  connective-tissue  and  bile-ducts  {Charcot  and  Gomhault).  In  all  these 
cases  of  interstitial  inflammation,  there  is  proliferation  of  the  epithelium  of  the  bile-ducts. 

[Eegeneration  of  the  Liver. — Tizzoni  finds  that  there  may  be  partial  regeneration  and  new 
formation  of  liver-lobules  in  the  dog,  the  process  being  the  same  as  that  which  occurs  in  the 
embryonic  development  of  the  organ,  i.e.,  the  growth  of  solid  cylinders  of  liver-cells,  formed  by 
the  pre-existing  liver-cells,  which  penetrate  into  the  connective-tissue  unituig  the  edges  of  the 
wound.  These  cells  ultimately  differentiate  into  hepatic  cells  and  bile-ducts.  Other  observers 
attribute  the  new  formation  to  outgrowths  of  the  epithelial  cells  of  the  bile-cells.] 

174.  CHEMICAL  COMPOSITION  OF  THE  LIVER-CELLS.— (1)  Proteids. 

— The  fresli,  soft,  parenchyma  of  the  liver  is  alkaline  in  reaction ;  after  death, 
coagulation  occurs,  the  cell-contents  appear  turbid,  the  tissue  becomes  friable,  and 
gradually  an  acid  reaction  is  developed.  This  process  closely  resembles  Avhat  occurs 
in  muscle,  and  is  due  to  the  coagulation  of  a  myosin-like  body,  which  is  soluble 
during  life,  but  after  death  undergoes  spontaneous  coagulation  (Plosz).  The  liver 
contains  other  proteids ;  one  coagulating  at  45°  C,  another  at  70°  C,  and  one 
which  is  slightly  soluble  in  dilute  acids  and  alkalies.  The  nuclei  contain  nuclein. 
The  connective-tissue  yields  gelatin. 

'  (2)  Glycogen  or  Animal  Starch — 1-2  to  2-6  per  cent. — is  a  true  carbohydrate 
most  closely  related  to  inulin,  soluble  in  water,  but  diffuses  with  difficulty,  and  has 
the  formula  6(C6Hio05)  4-  HgO.  It  is  stored  up  in  the  liver-cells  in  amorphous 
granules  around  the  nuclei  (fig.  194,  2),  but  is  not  uniformly  distributed  in  all 
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parts  of  the  liver.  Like  inulin,  it  gives  a  deep  red  colour  with  solution  of  iodine 
in  iodide  of  potassium.  It  is  changed  into  dextrin  and  sugar  by  diastatic  ferments, 
and  when  boiled  with  dilute  mineral  acids,  it  yields  grape-sugar  (§  148,  I.;  §  170, 
I.;  §  252,  III.). 

Preparation  of  Glycogen. — [Feed  a  rabbit  on  carrots  or  boiled  rice,  and  kill  it  three  or  four 
hours  thereafter.  Eeniove  the  liver  immediately  after  death,  cut  it  into  fine  pieces,  and  place 
these  in  boiling  water,  and  boil  it  for  some  time  in  order  to  obtain  a  watery  extract  of  the  liver. 
The  boiling  water  desti'oys  the  ferment  supposed  to  bo  present  in  the  liver,  which  would  transform 
the  glycogen  into  gi-ape-sugar.  To  the  cold  filtrate  are  added  alternately  dilute  hydrochloric  acid 
and  potassio-mercuric  iodide,  which  precipitates  the  proteids.  Filter,  when  a  clear  opalescent 
fluid,  containing  the  glycogen  in  solution,  is  obtained.  The  glycogen  is  precipitated  from  the 
filtrate,  as  a  white  amorphous  powder,  on  adding  an  excess  of  70  to  80  per  cent,  alcohol.  The 
precipitate  is  washed  with  60  per  cent,  and  afterwards  with  95  per  cent,  alcohol,  then  with  ether, 
and  lastly,  with  absolute  alcohol ;  it  is  dried  over  sulphuric  acid  and  weighed  {Briicke).  Kiilz 
modifies  the  method  somewhat.  After  boiling  the  livei-  for  half  an  hour,  it  is  rubbed  up  with 
liquor  potasste  (100  grm.  liver,  4  grm.  KHO).  Evaporate  in  the  water-bath  until  all  is  dissolved, 
which  occurs  in  about  3  hours.  After  cooling,  neutralise  with  HCl  and  precipitate  the  proteids 
as  above.  F.  Eves  asserts  that  the  post-mortem  conversion  of  sugar  in  the  liver  is  not  attribut- 
able to  a  ferment  action,  and  the  rapid  appearance  of  sugar  in  the  liver  after  death  is  due  to  tho 
specific  metabolic  activity  of  the  dying  cells.] 

Sources. — The  "mother-substance "  of  the  glycogen  of  the  liver  has  been 
variously  stated  to  be  the  carbohydrates  of  the  food  {Pavy) ;  fats  (olive  oil, 
Salomon) ;  glycerine,  taurin,  and  glycin  (the  latter  splitting  into  glycogen  and  urea), 
the  proteids  {Gl.  Bernard) ;  and  gelatin  {Salomon).  If  it  is  derived  from  the 
albumins,  it  must  be  formed  from  a  non-nitrogenous  derivative  thereof. 

Rohmann  found  that  the  use  of  ammonia  carbonate  and  asparagin  or  glycin,  along  with  a 
carbohydrate  diet,  in  rabbits  considerably  increased  the  formation  of  glycogen.  The  excessive 
formation  of  acid  observed  by  Stadelraaun  in  diabetes  unites  with  the  ammonia  and  diminishes 
considerably  the  formation  of  glycogen. , 

Effects  of  Food. — Rabbits,  whose  livers  have  been  rendered  free  from  glycogen 
by  starvation,  yield  new  glycogen  from  their  livers  when  they  are  fed  with  cane- 
sugar,  grape-sugar,  maltose,  or  starch.  Forced  muscular  movements  soon  make 
the  liver  of  dogs  free  from  glycogen,  exposure  to  cold  diminishes  its  amount. 
Dextrin  and  grape-sugar  occur  in  the  dead  liver,  but,  in  addition,  some  glycogen  is 
found  for  a  considerable  time  after  death  in  the  liver  and  in  the  muscles. 

If  glycogen  is  injected  into  the  blood,  achroodextrin  appears  in  the  urine,  and  also 
hsemoglobin,  as  glycogen  dissolves  red  blood-corpuscles.  Ligature  of  the  bile-duct  causes 
decrease  of  the  glycogen  in  the  liver. 

Other  Situations. — Glycogen  is  not  confined  to  the  liver-cells ;  it  occurs  during  fcetal  life 
in  all  the  tissues  of  the  body  of  the  embyro  [including  the  embryonic  skeleton],  in  young 
animals  (Kiihne),  the  placenta  {Bernard).  [It  occurs  in  large  amount  in  the  liver  during  intra- 
uterine life.]  In  the  adult  it  occurs  in  the  testicle,  in  the  muscles  {MacDonncl,  0.  Nassc),  in 
numerous  pathological  products,  in  inflamed  lungs  {Kiihne),  and  also  in  the  corresponding 
tissues  of  the  lower  animals.  [It  also  occurs  in  the  chorionic  villi,  in  colourless  blood- 
corpuscles,  in  fresh  pus  cells  which  stUl  exhibit  amccboid  movements,  and  in  fact  in  all 
developing  animal  cells,  with  amoeboid  movement ;  it  is  a  never-failing  constituent  in  cartilage, 
and  in  the  muscles  and  liver  of  invertebrata,  such  as  the  oyster.  There  is  none  in  the  fresh 
bram  of  the  dog  or  rabbit,  but  it  is  found  in  the  brain  in  diabetic  coma  {Ahclcs).] 

Modifying  Conditions.— If  large  quantities  of  starch,  milk-,  fruit-,  or  cane-sugar, 
or  glycerine,  but  not  mannite,  or  glycol,  or  inosite,  be  added  to  the  proteids  of  the 
food,  the  amount  of  glycogen  in  the  liver  is  very  greatly  increased  (to  12  per  cent, 
in  the  fowl),  while  a  purely  albuminous  or  purely  fatty  diet  diminishes  it  enor- 
mously. During  hunger  it  almost  disappears.  The  injection  of  dissolved  carbo- 
hydrates into  a  mesenteric  vein  of  a  starving  rabbit  causes  the  liver,  previously  free 
from  glycogen,  to  contain  glycogen. 

[Effect  of  Drugs.— Arsenic,  phosphorus,  and  antimony  destroy  the  glycogenic  function  of  the 
uver  no  glycogen  bemg  present  in  the  liver  in  animals  poisoned  with  these  drugs,  so  that 
puncture  ot  the  floor  of  the  fourth  ventricle  no  longer  causes  glycosuria  in  them.  In  animals 
poisoned  by  strychnia  or  curara,  it  is  greatly  diminished,  both  in  tho  liver  and  in  the  muscles, 
augar  is  always  present  in  the  urine  in  the  latter  case  but  not  in  the  former.] 
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During  life,  under  normal  conditions,  the  glycogen  in  the  liver  is  either  not 
transformed  into  grape-sugar  (Pavy),  or,  what  is  more  probable,  only  a  very  small 
amount  of  it  is  so  changed.  The  normal  amount  of  sugar  in  blood  is  0-5  to  1  per 
1000,  although  the  blood  of  the  hepatic  vein  contains  somewhat  more.  A  consider- 
able amount  is  transformed  into  sugar  only  when  there  is  a  decided  derangement  of 
the  hepatic  circulation,  and  in  these  circumstances  the  blood  of  the  hepatic  vein 
contains  more  sugar.  The  glycogen  undergoes  this  change  very  rapidly  after  death, 
so  that  a  liver  which  has  been  dead  for  some  time  always  contains  more  sugar  and 
less  glycogen. 

The  diastatic  ferment  in  the  liver  is  small  in  amount,  and  can  be  obtained  from 
the  extract  of  the  liver-cells  by  the  same  means  as  are  applicable  for  obtaining 
other  similar  ferments,  such  as  ptyalin  ;  but  it  does  not  seem  to  be  formed  within 
the  liver-cells,  but  only  passes  very  rapidly  from  the  blood  into  them.  The  ferment 
seems  to  be  rapidly  formed  when  the  blood-stream  undergoes  considerable  derange- 
ment. A  similar  ferment  is  formed  when  red  blood-corpuscles  are  dissolved  {Tieget), 
and,  as  red  blood-corpuscles  are  continually  destroyed  within  the  liver,  there  is  one 
source  from  which  the  ferment  may  be  formed,  whereby  minute  quantities  of  sugar 
would  be  continually  formed  in  the  liver. 

According  to  Seegen,  the  blood  of  the  hepatic  vein  contains  twice  as  much  sugar  (0  •2-3  per 
cent.)  as  that  in  the  portal  vein  (0'119  per  cent.) ;  observations  on  dogs  showed  that  the  blood 
flowing  through  the  liver  gives  up  over  400  grms.  sugar  in  24  hrs.  Hence,  in  camivoia,  the 
gi-eatest  part  of  the  C  of  the  animal  food  must  pass  into  sugar,  so  that  the  formation  of  sugar 
in  the  liver,  and  its  decomposition  in  the  blood,  or  in  the  organs  traversed  by  the  blood,  must 
be  a  very  important  function  of  the  metabolism.  Seegen  is  also  of  opinion  that  the  liVer- 
glycogen  takes  no  part  in  the  formation  of  sugar  in  the  liver. 

[Blood  when  perfused  through  a  freshly  excised  liver,  (or  through  the  kidneys,  liings,  or 
muscles),  gams  lactic  acid  ((?.  Aglioand  Wissokowitsch).] 

(3)  Fats,  in  the  form  of  highly  refractive  granules,  occur  in  the  liver-cells,  as 
well  as  free  in  the  bile-ducts ;  sometimes,  when  the  food  contains  much  fat  (more 
abundant  in  drunkards  and  the  phthisical),  olein,  palmatin,  stearin,  volatile  fatty 
acids,  and  sarcolactic  acid  are  found. 

There  are  also  found  traces  of  cholesterin,  minute  quantities  of  urea,  uric  acid,  and  the  little- 
known  body  jecorin.  [Jecorin,  discovered  by  Drechsel,  contains  S  and  P,  and  reduces  alkaline 
solutions  of  copper  like  grape-sugar.  It  is  also  found  in  the  spleen,  muscles,  and  blood 
{Baldi).  The  liver  of  birds  contains  a  relatively  large  amount  of  uric  acid,  even  6  to  14  times 
as  much  as  the  bood  {v.  Schrcecler).']  [Leucin  (?guanin),  sarkin,  xanthin,  cystin,  and  tyi'osin 
occur  pathologically  in  certain  diseases  where  marked  chemical  decompositions  occur.] 

[Fatty  Dengeneration  and  Infiltration.  — Fatty  granules  are  of  common  occm-rence  within 
the  cells  of  the  liver,  constituting  fatty  infiltration,  and  when  not  too  numerous  do  not  seem 
to  interfere  gi'eatly  with  the  functions  of  the  liver-cells.  Fatty  particles  occur  if  too  much 
fatty  food  be  taken,  and  they  are  commonly  found  in  the  livers  of  stall-fed  animals;  the 
well-known  2><^te-de-foie  gras  is  largely  composed  of  the  livers  of  geese,  which  have  been  fed 
on  large  amounts  of  farinaceous  food,  and  wliich  have  been  subjected  to  other  unfavourable 
hygienic  conditions.  Fatty  granules  are  recognised  by  their  highly  refractive  appearance,  by 
their  solubility  in  ether,  and  by  being  blackened  by  osmic  acid.] 

(4)  The  inorganic  substances  in  the  human  liver  are — potassium,  sodium, 
calcium,  magnesium,  iron,  manganese,  chlorine,  and  phosphoric,  sulphuric,  car- 
bonic, and  silicic  acids ;  while  copper,  zinc,  lead,  mercury,  and  arsenic  may  be 
accidentally  deposited  in  the  hepatic  tissue. 

[Tizzoni's  Keaction. — If  a  section  of  a  liver  (especially  of  a  young  animal)  hardened  in  alcohol 
be  treated  with  a  solution  of  potassic  ferrocyanide,  and  then  with  dilute  hydrochloric  acid,  as  a 
general  rule  the  preparation  becomes  blue,  even  to  the  naked  eye  ;  but  failing  that,  one  can 
usually  see  ^vith  the  microscope  granules  of  Prussian  blue  in  the  protoplasm  of  the  cells,  indi- 
cating the  presence  of  free  iron  oxide.] 

175.  DIABETES  MELLITUS  AND  GLYCOSURIA.— [Glycosuria  is  char- 
acterised by  the  presence  of  grape-sugar  in  the  urine.  According  to  Briicke  a 
trace  of  sugar  exists  normally  in  urine,  and  when  this  amount  is  increased  we 
have  glycosuria.    When  the  normal  amount  of  grape-sugar  in  the  blood  is 


DIABETES  MELLITUS  AND  GLYCOSUEIA.  265 

increased,  grape-sugar  appears  in  the  urine.  In  diabetes  mellitus,  grape-sugar 
also  appears  in  the  urine,  but  this  is  really  a  serious  disease,  involving  the 
alteration  of  many  tissues,  and  distinguished  by  profound  disturbance  of  the  whole 
metabolic  activity,  which  leads  to  numerous  pathological  changes  and  often  to 
death.  The  appearance  of  grape-sugar  in  urine  does  not  necessarily  mean  that  a 
person  is  suffering  from  this  disease.] 

The  formation  of  large  quantities  of  grape-sugar  by  the  liver,  and  its  passage 
into  the  blood,  and  from  the  blood  into  the  urine,  constitute  glycosuria.  Extirpa- 
tion of  the  liver  in  frogs,  or  destruction  of  the  hepatic  cells,  as  by  fatty  degeneration 
from  poisoning  with  phosphorus  or  arsenic,  does  not  cause  this  condition.  It  occurs 
for  several  hours,  after  the  injury  of  a  certain  part — the  centre  for  the  hepatic 
vaso-motor  nerves — of  the  floor  of  the  loiver  part  of  the  fourth  ventricle  {CI. 
Bernard's  "  piqilre  ") ;  also  after  section  of  the  vaso-motor  channels  in  the  spinal 
cord,  from  above  down  as  far  as  the  exit  of  the  nerves  for  the  liver,  viz.,  to  the 
lumbar  region,  and  in  the  frog  to  the  fourth  vertebra  (Schiff).  When  the  vaso- 
motor nerves,  which  proceed  from  this  centre  to  the  liver,  are  cut  or  paralysed  in  any 
part  of  their  course,  mellituria  or  glycosuria  is  produced.  AH  the  nerve  channels 
do  not  run  through  the  spinal  cord  alone.  A  number  of  vaso-motor  nerves  leave 
the  spinal  cord  higher  up,  pass  into  the  sympathetic,  and  thus  reach  the  liver ;  so 
that  destruction  of  the  superior  {Pavy),  as  well  as  of  the  inferior  cervical 
sympathetic  ganglion,  and  the  first  thoracic  ganglion  (Ecklmrd)  of  the  abdominal 
sympathetic,  and  often  of  the  splanchnic  itself  produces  it.  The  paralysis  of  the 
blood-vessels  causes  the  liver  to  contain  much  blood,  and  the  intrahepatic  blood- 
stream is  slowed.  The  disturbance  of  the  circulation  causes  a  great  accumulation 
of  sugar  in  the  liver,  as  the  blood-ferment  has  time  to  act  upon  the  glycogen  and 
transform  it  into  sugar.  By  stimulation  of  the  sympathetic  at  the  lowest  cervical 
and  first  thoracic  ganglion,  the  hepatic  vessels  at  the  periphery  of  the  liver-lobules 
become  contracted  and  pale  {Cyon).  It  is  remarkable  that  glycosuria  when 
present  may  be  set  aside  by  section  of  the  splanchnic  nerves.  This  is  explained 
by  supposing  that  the  enormous  dilatation  and  congestion,  or  the  hypereemia  of 
the  abdominal  blood-vessels  thereby  produced,  renders  the  liver  anaemic. 

Continued  stimulation  of  peripheral  nerves  may  act  reflcxly  upon  the  centre  for  the  vaso- 
motor nerves  of  the  liver.  Diabetes  has  been  observed  to  occur  after  stimulation  of  the  central 
end  of  the  vagus  {Gl.  Bernard),  and  also  after  stimulation  of  the  central  end  of  the  depressor 
nerve  [Filchnc).  Even  section  and  subsequent  stimulation  of  the  central  end  of  the  sciatic 
nerve  causes  diabetes.  This  may  explain  the  occurrence  of  diabetes  in  people  who  suffer  from 
sciatica.  [It  may  occur  also  after  perverted  nervous  activity,  as  psychical  excitement,  neuralgias 
(sciatica,  trigeminal  or  occipital),  concussion  of  the  brain,  as  well  as  after  certain  injuries  to  the 
skull  and  vertebral  column  and  some  cerebral  diseases.] 

According  to  Schiff,  the  stagnation  of  blood  in  other  vascular  regions  of  the  body  may 
cause  the  ferment  to  accumulate  in  the  blood  to  such  an  extent  that  diabetes  occurs.  The 
glycosuria  that  occurs  after  compression  of  the  aorta  or  portal  vein  may  perhaps  be  ascribed  to 
this  ca,use,  but  perhaps  the  pressure  caused  by  these  procedures  may  paralyse  certain  nerves. 
According  to  Eckhard,  injury  to  the  vermiform  process  of  the  cerebellum  of  the  rabbit  causes 
diabetes.    In  man,  affections  of  the  above-named  nervous  regions  cause  diabetes. 

[In  most  individuals  the  use  of  a  large  quantity  of  sugar  in  the  food  is  not  followed  by  the 
appearance  of  sugar  in  the  urine  ;  but  in  some  exceptional  cases  it  is  often  present,  c.q.,  in 
persons  suffering  from  gastric  catarrh,  especially  if  they  are  gouty.] 

A  number  of  poisons  which  paralyse  the  hepatic  vaso-motor  nerves  produce  diabetes  ;  curara 
(w-lien  artificial  respiration  is  not  maintained),  CO,  amyl  nitrite,  ortho-nitro-propiouic  acid,  and 
methyl-delphinin  ;  less  certainly  morphia,  chloral  hydrate,  HON,  and  some  other  drugs  ; 
Lpnionzm  {v.  Mering)] ;  and  some  infectious  diseases.  But  congestion  of  the  liver  produced  in 
otner  ways  appears  to  cause  diabetes,  e.g.,  after  mechanical  stimulation  of  the  liver.  To  this 
Class  belongs  the  injection  of  dilute  saline  solutions  into  the  blood  (Bock,  Hoffmann),  whereby 
either  the  change  m  form  or  the  solution  of  the  coloured  blood-corpuscles  causes  the  congestion, 
ine  circunistance  that  repeated  blood-letting  makes  the  blood  richer  in  sugar,  may  perhaps  be 

fM       ^       slowing  of  the  circulation, 
tli  the  means  which  produce  glycosuria  in  other  animals  fail  to  do  so  in  birds  :  even 

tiie  piqflrc  rarely  produces  it.    This  Thiel  and  Minkowski  attribute  to  the  intensely  active 
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oxidation-pvoccsses  in  birds.  Phlorizin  causes  glycosuria,  even  after  extirpation  of  the  liver, 
which  shows  that  in  these  cases  there  are  other  causes  at  work  that  obtain  in  the  forms  of 
glj'cosuria.]  Pliloriziu  makes  animals,  which  are  free  from  carbohydrates,  diabetic.  In  thLs 
case  the  sufjar  must  be  derived  from  protoids  {v.  Mrriiui). 

Theoretical. — In  order  to  explain  the  more  immediate  cause  of  these  phenomena  several 
hypotheses  have  been  advanced  : — 

(re)  The  liver-glycogen  may  be  transformed  unhindered  into  sugar,  as  the  blood  in  its  passage 
through  the  liver  deposits  or  gives  up  the  ferment  to  the  liver-cells.  So  that  the  normal 
function  of  the  vaso-raotor  system  of  the  liver,  and  its  centre  in  the  floor  of  the  fourth 
ventricle,  may  be  regarded  as,  in  a  certain  sense,  an  "inhibitory  system"  for  the  formation 
of  sugar. 

(6)  If  we  assume  that,  normally  there  is  continually  a  small  quantity  of  sugar  passing  from 
the  liver  into  the  hepatic  vein,  we  might  explain  the  diabetes  as  due  to  the  disappearance  of 
these  decompositions — diminished  burning-up  of  the  sugar  in  the  blood,  which  are  constantly 
removing  the  sugar  from  the  blood.  In  fact,  diabetic  persons  have  been  found  to  consume  less 
0  and  to  have  an  increased  formation  of  urea. 

[Injection  of  Grape-Sugar  into  the  Blood.  — When  gi-ape-sugar  Is  injected  into  the  jugular 
vein  of  a  dog,  only  33  per  cent,  at  most  is  given  oil'  in  the  urine ;  within  2  to  5  hours  the 
urine  is  free  from  sugar.  Even  within  a  few  minutes  after  the  injection,  only  a  certain  propor- 
tion (i-i)  of  the  sugar  is  found  in  the  blood  ;  part  of  the  sugar  has  been  detected  in  the  muscles, 
liver,  and  kidneys,  but  the  fate  of  the  remainder  is  not  known.  Immediately  after  the  injec- 
tion, the  amount  of  hfemoglobin  and  also  of  serum -albumin  is  diminished  (50  per  cent.),  which 
is  due  to  increase  of  the  quantity  of  water  within  the  vessels  ;  but  within  two  hours  the  normal 
state  is  restored  [Brasol).  In  a  curarised  dog  the  injection  of  grape-sugar  into  a  vein  increases 
the  blood-pressure,  but  this  effect  is  not  observed  after  the  injection  of  morphia  and  chloral.  ] 

Persons  sufl'ering  from  diabetes  require  a  large  amount  of  food;  they  suffer  gi-eatly  from 
thirst,  and  drink  much  fluid.  They  exhibit  signs  of  marked  emaciation,  when  the  loss  of  the 
body  is  greater  than  the  supply.  [In  advanced  diabetes  the  glycogenic  function  of  the  liver  is 
almost  abolished,  as  was  proved  by  removing  with  a  trocar  a  small  part  of  the  liver  from  man, 
when  almost  no  glycogen  was  found  {Ehrlich).  The  absorbed  sugar  in  the  portal  vein  passes 
directly  into  the  general  circulation .  without  being  submitted  to  the  action  of  the  liver  {v. 
Frerichs).]  In  severe  cases,  towards  death,  not  unfrequently  a  peculiar  comatose  condition-— 
diabetic  coma — occurs,  when  the  breath  often  has  the  odour  of  aceton,  which  is  also  found  in 
the  urine.  But  neither  aceton  nor  its  precursor,  aceto-acetic  acid,  nor  sethyl-diacetic  acid,  nor 
the  unknown  substance,  in  diabetic  urine,  which  gives  the  red  colour  with  ferric  chloride  {v. 
Jaksch),  is  the  cause  of  the  coma  {Frenchs  and  Bricgcr). 

176.  THE  FUNCTIONS  OF  THE  LIVER.— [To  understand  the  functions 
of  the  liver,  we  must  remember  its  unique  relation  to  the  vascular  and  digestive 
systems,  whereby  many  of  the  products  of  gastric  and  intestinal  digestion  have  to 
traverse  it  before  they  reach  the  blood,  and  some  of  them!  as  they  traverse  the 
liver  are  altered.  We  have  still  much  to  learn  regarding  the  liver.  It  has  several 
distinct  functions — some  obvious,  others  not.  (1)  The  liver  secretes  bile,  which  is 
formed  by  the  hepatic  cells,  and  leaves  the  organ  by  the  bile-ducts,  to  pass  into 
the  duodenum.  (2)  The  liver-cells  also  form  glycogen,  which  does  not  pass  into 
the  ducts,  but  in  some  altered  and  diffusible  form  passes  into  the  blood-stream, 
and  leaves  the  liver  by  the  hepatic  veins.  Hence,  the  study  of  the  liver  materially 
influences  our  conception  of  a  secreting  organ.  In  this  case,  we  have  the  products 
.  of  its  secretory  activity  leaving  it  by  two  different  channels— the  one  by  the  ducts, 
and  the  other  by  the  blood-stream.  The  liver,  therefore,  is  a  great  storehouse  of 
carbohydrates,  and  it  serves  them  out  to  the  economy  as  they  are  required.  All 
this  points  to  the  liver  as  being  an  organ  intimately  related  to  the  general 
metabolism  of  the  body.  (3)  In  a  certain  period  of  development  it  is  concerned 
in  the  formation  of  blood-corpuscles  (§  7).  (4)  It  has  some  relation  to  the 
breaking  up  of  blood-corpuscles  and  the  formation  of  urea  and  other  metabolic 
products  (§  20,  §  177,  3).  (5)  Brunton  attributes  some  importance  to  the  liver  in 
connection  with  the  arrest  of  certain  substances  absorbed  from  the  alimentary 
canal,  whereby  they  are  either  destroyed,  stored  up  in  the  liver,  or,  it  may  be, 
prevented  from  entering  the  general  circulation  in  too  large  amount.  It  is  possible 
that  ptomaines  may  be  arrested  in  this  way  (§  166).] 

[The  liver  has  no  special  action  on  certain  mineral  substances  which  traverse  it  in  the  blood, 
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e.g.,  potassic  chloride,  but  it  retains  the  vegetable  alkaloids,  provided  they  are  not  present  in 
too  large  an  amount  in  the  blood.  The  ptomaines  aro  similarly  retained  in  the  liver.  The 
liver  possesses  this  property  only  as  long  as  it  contains  glycogen  {H.  Rogers).'] 

177.  CONSTITUENTS  OF  THE  BILE.— Bile  is  a  yellowish-brown  or  dark 
green  coloured  transparent  fluid,  with  a  sweetish,  strongly  bitter  taste,  feeble  musk- 
like odour,  and  neutral  reaction.    The  specific  gravity  of  human  bile  from  the  gall 
bladder  =  1026  to  1032,  while  that  from  a  fistula  =  1020  to  1011.    It  contains  :— 

(1)  Mucus,  which  gives  bile  its  sticky  character,  and  not  unfrequently  makes  it 
alkaline ;  it  is  the  product  of  the  mucous  glands  and  the  goblet-cells  of  the  mucous 
membrane  of  the  larger  bile-ducts.  When  bile  is  exposed  to  the  air,  the  mucus 
causes  it  to  putrefy  rapidly.    It  is  precipitated  by  acetic  acid,  or  alcohol. 

[Tlie  bile  formed  in  the  ultimate  bile-ducts  does  not  seem  to  contain  mucin  or  mucus,  but 
bile  from  the  gall-bladder  always  does.  It  is  formed  by  the  mucous  glands  in  the  lar»er  'bile- 
ducts  (§  173).]  ° 

(2)  The  Bile-Acids. — Glyeocholic  and  taurocholic  acids,  so-called  conjugate  acids, 
are  united  with  soda,  (in  traces  with  potash)  to  form  glycocholate  and  taurochol- 
ate of  soda,  which  have  a  bitter  taste,  and  rotate  the  plane  of  polarised  light  to  the 
right.  In  human  bile  (as  well  as  in  that  of  birds,  many  mammals,  and  amphi- 
bians) taurocholic  acid  is  niost  abundant;  in  other  animals  (pig,  ox)  glyeocholic  acid 
is  most  abundant  but  is  absent  in  sucklings. 

(a)  Glyeocholic  acid,  CggH^gNOp ;  when  boiled  with  caustic  potash,  or  baryta 
water,  or  with  dilute  mineral  acids,  it  takes  up  HgO  and  splits  into— 
Glj'cin  ( =  Glycocoll  =  Gelatin  Sugar  =  Amido-acetic  acid)  =  CaHslSrO,. 
-f  Cholalic  acid  (also  called  Cholic  acid)  =  C24H4oOg" 

=  Glyeocholic  acid  +  Water      '.       '.       =  C^gHj^ISrOg  +  H2O. 

(h)  Taurocholic  acid,  C.eH^sNSO.,  when  similarly  treated,  takes  up  water  and 
splits  into — 

Taurin  ( =  Amidooethyl-Sulphurie  acid)  =  C,Hj:]srS03. 

+  Cholalic  acid   .      .  =Q,Mm>0^.  

=  Taurocholic  acid  4- Water \       ^O^H^^NSOv  +  H^O  {Strecker). 

[Solutions  of  taurocholic  acid  are  antiseptic,  and  if  sufficiently  strong  interfere  with  the  de- 
velopment of  bacteria,  and  prevent  the  alcoholic  and  lactic  fermentations,  as  well  as  the  tryptic 
and  diastatic  action  of  the  pancreas  (^micA).] 

Preparation  of  the  Bile-Acids.— Evaporate  bile  to  i  of  its  volume,  rub  it  up  into  a  paste  with 
excess  of  animal  charcoal,  and  dry  at  100°  C.  Extract  the  black  mass  with  absolute  alcohol 
and  falter.  After  a  part  of  the  alcohol  has  been  removed  by  distillation,  the  bile-salts  are  pre- 
cipitated m  a  resinous  fonn,  and  on  the  addition  of  excess  of  ether,  there  is  formed  immediately 
a  crystalhne  mass  of  glancing  needles  (Platner's  "crystallised  bile").  The  alkaline  salts  of 
the  biie-acids  are  freely  soluble  in  water  or  alcohol,  and  insoluble  in  ether.  Neutral  lead  acetate 
precipitates_  the  glyeocholic  acid— as  lead  glycocholate— from  the  solution  of  both  salts;  the 
precip;tate  is  collected  on  a  filter,  dissolved  in  hot  alcohol,  and  the  lead  is  precipitated  as  lead 
sulphide  by  H^S  ;  iifter  removal  of  the  lead  sulphide,  the  addition  of  water  precipitates  the 
isolated  glyeocholic  acid.  If,  after  precipitating  the  lead  glycocholate,  the  filtrate  be  treated 
with  Sfmc  lead  acetate,  a  precipitate  of  lead  taurocholate  is  formed,  from  which  the  acid  may 
be  obtained  in  the  same  way  as  described  above  {Strecker). 

With  regard  to  the  decomposition  products  of  the  bile-acids,  glycin,  as  such 
does  not  occur  in  the  body,  but  only  in  the  bile  in  combination  with  cholic  acid,  in 
urine  m  combination  with  benzoic  acid,  as  hippuric  acid,  and  lastly,  in  gelatin  in 
complex  combination.  ^'      &  . 

Cholalic  apid  rotates  the  ray  of  polarised  light  to  the  right,  and  its  chemical 
composition  IS  unknown.  It  is  insoluble  in  water,  soluble  in  alcohol,  but  soluble 
with  ditheulty  m  ether  from  which  it  separates  in  prisms.  Its  crystalline  alkaline 
salts  are  readily  soluble  in  water.  It  is  coloured  blue  by  iodine,  and  occurs  free 
only  in  the  intestine. 

bii?w^hvrpl'Iir°P^''f /o,*^7  "I'^^y  ''"^"^^l^  by  ^  'le^rly  related  acid,  e.g.,  in  pig's 

{Marsl^mtf  (^'<m-t-.r);  in  the  bile  of  the  goose,  cl/eno-cholalic  acid  is  present 
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When  cliolalic  acid  is  boiled  with  concentrated  HCl,  or  heated  dry  at  200°  C,  it 
beconies  an  anhydride,  thus  : — 

Clioliilic  acid     .       =C.j4li4o05,  produces 
Choloidinic  acid  .       =C.,4ll3804  +  H.,0,  and  this  again  yields 
Dyslysia    .       .       =C:4ll.,„0a  =  Ii:0. 
Choloidiuic  acid  is,  however,  not  improbably  a  mixture  of  cholalic  acid  and  dyslysia ;  dys- 
lysin,  when  fused  with  caustic  potash,  is  changed  into  cholalate  of  potash.    By  oxidation 
cholalic  acid  yields  a  tribasic  acid,  as  yet  uninvestigated,  and  a  fair  amount  of  oxalic  acid,  but 
no  fatty  acids  (Cldve). 

Pettenkoflfer's  Test. — The  bile-acids,  cholic  acid,  and  their  anhydrides,  when 
dissolved  in  water,  yield  on  the  addition  of  §  concentrated  sulphuric  acid  (added  in 
drops  so  as  not  to  heat  the  fluid  above  70°  C),  and  several  drops  of  a  10  per  cent, 
solution  of  cane-sugar,  a  recldis]i-2nirple  transparent  fluid,  which  shows  two  absorp- 
tion-bands at  E  and  F  (Schenk).  [A  very  good"  method  is  to  mix  a  few  drops  of 
the  cane-sugar  solution  with  the  bile,  and  to  shake  the  mixture  until  a  copious 
froth  is  obtained.  Pour  the  sulphuric  acid  down  the  side  of  the  test-tube,  and  then 
the  characteristic  colour  is  seen  in  the  froth.  Any  albumin  present  must  be  re- 
moved before  applying  the  test.] 

According  to  Drechsel,  it  is  better  to  add  phosphoric  acid,  instead  of  sulphuric  acid,  until 
the  fluid  is  syrupy,  then  add  the  cane-sugar,  and  afterwards  place  the  whole  in  boiling  water. 
When  investigating  the  amount  of  bile-acids  in  a  liquid,  the  albumin  must  be  removed  before- 
hand, as  it  gives  a  reaction  similar  to  the  bile-acids,  but  in  that  case  the  red  fluid  has  only  one 
absorption-band.  If  only  small  quantities  of  bile-acids  are  present,  the  fluid  must  in  the  first 
place  be  concentrated  by  evaporation. 

[Hay's  Test. — The  bile-acids  or  their  soluble  salts  lower  the  surface-tension  of  fluids  in  which 
they  are  dissolved.  Throw  a  small  quantity  of  sulphur  (sublimed  or  precipitated)  on  the  surface 
of  the  fluid  containing  bile-acids,  and  if  the  bile-acids  be  present,  the  sulphur  will  at  once  begin 
to  sink,  and  will  be  wholly  precipitated  within  a  few  minutes.    {Privately  communicated.)] 

The  bile-acids  are  formed  in  the  liver.  After  its  extirpation,  there  is  no  ac- 
cumulation of  biliary  matters  in  the  blood. 

How  the  formation  of  the  nitrogenous  bile-acids  is'efTected,  is  quite  unknown.  They  must 
be  obtained  from  the  decomposition  of  albuminous  materials,  and  it  is  important  to  note  that 
the  amount  of  bile-acids  is  increased.by  albuminous  food.  Taurin  contains  part  of  the  sulphur 
of  albumin  ;  bile-salts  contain  4  to  4-6  per  cent.,  which  may  perhaps  be  derived  from  dissolved 
red  blood-corpuscles. 

(3)  The  Bile-Pigments. — The  freshly  secreted  bile  of  man  and  many  animals 
has  a  yellowish-brown  colour,  due  to  the  presence  of  bilirul)in.  ^en  it  remains 
for  a  considerable  time  in  the  gall-bladder,  or  when  alkaline  bile  is  exposed  to  the 
air,  the  bilirubin  absorbs  O  and  becomes  changed  into  a  green  pigment,  biliverdin. 
This  substance  is  present  naturally,  and  is  the  chief  pigment  in  the  bile  of  herbivora 
and  cold-blooded  animals. 

(a)  Bilirubin  (CggHggN^Oe)  is  perhaps  united  with  an  alkali ;  it  crystallises  in 
transparent  fox-red  clinorhombic  prisms.  It  is  insoluble  in  water,  soluble  in  chloro- 
form, by  which  substance  it  may  be  separated  from  biliverdin,  which  is_  insoluble 
in  chloroform.  It  unites  as  a  monobasic  acid  with  alkalies,  and  as  such  is  soluble. 
It  is  identical  with  Virchow's  hsematoidin  (§  20). 

Preparation.— It  is  most  easily  prepared  from  the  red  (bilirubin -chalk)  gall-stones  of  man  or 
the  ox.  The  stones  are  pounded,  and  their  chalk  dissolved  by  hydrochloric  acid  ;  the  pigment 
is  then  extracted  with  chloroform.  That  bilirubin  is  derived  from  hannoglobm  is  very  prob- 
able, considering  its  identity  with  hfcmatoidin.  Very  probably  red  blood-corpuscles  are 
dissolved  in  the  liver,  and  their  hcemoglobin  changed  into  bilirubin. 

(6)  Biliverdin,  CgaHggN^Og,  is  an  oxidised  derivative  of  the  former,  from  which 
it  can  be  obtained  by  various  oxidation-processes.  It  is  readily  soluble  in  alco/iol, 
very  slightly  so  in  ether,  and  not  at  all  soluble  in  chloroform.  It  occurs  m  the 
placenta  of  the  bitch.  As  yet  it  has  not  been  retransformed  by  reducing  agents 
into  bilirubin.  .  .  . , 

Tests  for  Bile-Pigments,— Bilirubin  and  biliverdin  may  occur  m  other  ttuias, 
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e.g.,  tlie  urine,  and  are  detected  by  the  Gmelin-Heintz'  reaction.  When  nitric 
mid  containing  some  nitrous  acid  is  added  to  a  liquid  containing  these  pigments,  a 
play  of  colours  is  obtained  beginning  with  green  (biliverdin),  buie,  yiolet,  red,  end- 
ing with  yellow.  [This  reaction -is  best  done  by  placing  a  drop  of  the  liquid  on  a 
tvMte  porcelain  plate,  and  adding  a  drop  of  the  im2mre  nitric  acid.] 

(<;)  If,  when  the  blue  colour  is  reached,  the  oxidation  process  is  arrested,  bilicyanin  {Ecynsius, 
Campbell),  in  acid  solution  blue  (in  alkaline  violet),  is  obtained,  which  shows  two  ill-defined 
absorption-bands  near  D  {JaffA). 

{d)  Bilifuscin  occurs  in  small  amount  in  decomposing  bile  and  in  gall-stones  =  bilirubin 
.i-H.,0. 

(e)  Bilipraam  {Sldcller)  also  occurs    Bilirubin -I- HoO -1-0. 

(/)  The  yellow  jjigment,  which  ultimately  results  from  the  prolonged  action  of  the  oxidising 
reagent,  is  the  choletelin  (CibHisNsOb)  of  Maly ;  it  is  amorphous,  and  soluble  in  water,  alcohol, 
acids,  and  alkalies. 

[Spectnun  of  Bile. — The  bile  of  carnivorous  animals  is  generally  free  from  absorption-bands, 
except  when  acids  are  added  to  it,  in  which  case  the  band  of  bilirubin  is  revealed.  Bilirubin 
and  biliverdin  yield  characteristic  spectra  only  when  they  are  treated  with  nitric  acid.  The 
bile  of  some  animals  yields  bands,  but  when  this  is  the  case  they  are  due  to  the  presence  of  a 
derivative  of  hiBmatin,  and  MacMunn  calls  this  body  cholohsBmatin,  which  gives  a  three-  or 
four-banded  spectrum  (ox,  sheep).] 

(g)  Bilirubin  absorbs  H  +  HgO  (by  putrefaction,  or  by  the  treatment  of  alkaline 
watery  solutions  with  the  powerfully  reducing  sodium  amalgam),  and  becomes  con- 
verted into  Maly's  hydrohiliruhin  {Q^^Q-^f^^O^),  which  is  slightly  soluble  in  water, 
and  more  easily  soluble  in  solutions  of  salts,  or  alkalies,  alcohol,  ether,  chloroform, 
and  shows  an  absorption-band  at  6,  F.  This  substance,  which,  according  to  Hammar- 
sten,  occurs  in  normal  bile,  is  a  constant  colouring-matter  of  f£Bces,  and  was  called 
stercol)iliii  by  Vaulair  and  Masius,  but  is  identical  with  hydrobilirubin  {Maly). 
It  is,  however,  probably  identical  with  the  urinary  pigment  urobilin  of  Jaffe  (Stokvis, 
§  20). 

[The  bile  of  invertebrates  contains  none  of  the  bile-pigments  present  in  vertebrates,  although 
lifemochi'omogen  is  found  in  the  cray-fish  and  pulmonate  molluscs.  In  some  organs,  and  in  bile, 
a  pigment  like  vegetable  chlorophyll — entero-chlorophyll — is  found,  but  whether  it  is  derived 
from  without,  or  formed  within  the  organism,  is  not  certain  {Ifacllunn).} 

(4)  Cholesterin,  C2gH^^O(H20),  is  a  monatomic  alcohol  which  rotates  the  ray  of 
polarised  light  to  the  left,  it  occurs  also  in  blood,  yelk,  nervous  matter  [and  gall- 
stones]. It  forms  transparent  rhombic  plates,  which 
usually  have  a  small  oblong  piece  cut  out  of  the  corner 
(fig.  196).  It  is  insoluble  in  water,  soluble  in  hot  alcohol, 
ether,  or  chloroform.  It  is  kept  in  solution  in  the  bile 
by  the  bile-salts. 

Preparation. — It  is  most  easily  prepared  from  so-called  white 
gall-stones,  which  not  unfrequeutly  consist  entirely  of  cholesterin, 
by  extracting  them  with  hot  alcohol  after  they  are  pulverised. 
Crystals  are  excreted  after  evaporation  of  the  alcohol.    Tests. —  ^.    ,  „„ 

They  give  a  red  colour  with  sulphuric  acid  (5  vol.  to  1  vol.  H„0),      _     ,  .   %  \  :  .  . 
while  they  give  a  blue— as  cellulose  does— with  sulphuric  acid  and      <^iTstals  ot  cholesterin. 
iodine.    When  dissolved  in  chloroform,  one  drop  of  concentrated  sulphuric  acid  causes  a  deep 
red  colour  {H.  ScUff). 

(5)  Amongst  the  other  organic  constituents  : — Lecithin  (§  23),  or  its  decomposi- 
tion-product, neurin  (cholin),  and  glycero-phosphoric  acid  (into  which  lecithin  may 
be  artifically  transformed  by  boiling  with  baryta) ;  palmatin,  stearin,  olein,  as 
well  as  their  soda  soaps ;  diastatic  ferment ;  traces  of  urea ;  (in  ox  bile,  acetic  acid 
and  propionic  acid,  united  with  glycerine  and  metals,  Dogiel). 

(6)  Inorganic  constituents  of  bile  (0-6  to  1  per  cent.)  :— 

_  They  are— sodic  and  potassic  chloride,  calcic  and  magnesic  phosphate,  and  much  iron,  which 
m  fresh  bile  gives  the  ordinary  reactions  for  iron,  so  that  iron  must  occur  in  one  of  its  oxidised 
compounds  in  bile  ;  manganese  and  silica.  Gases.- Freshly-secreted  bile  contains  in  the  dog 
niore  than  50  vol.,  and  in  the  rabbit  109  vol.  percent.  CO.,,  partly  united  to  alkalies,  partly 
•absorbed,  the  latter,  however,  being  almost  completely  absorbed  within  the  gall-bladder. 
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The  mean  composition  of  human  bile  is  : — 

AVater,        .  .  82  to  90  per  cent.  Lecithin,     ...         0*5  per  cent. 

Bile-salts,    .  .        0  to  11     ,,  Mucin  and  pigments,  .  1  to  3  ,, 

Fats  and  soaps,  ,  .  2     ,,  Ash  O'Cl  ,, 

Cholosterii),  .  .         0'4  ,, 

Further,  uucluuiged  fat  piobably'always  passes  into  the  bile,  but  it  is  again  absorbed  therefrom 
(Virchoio).  The  amount  of  S  in  dry  dog's  bile  =  2-8  to  3-1  per  cent.,  the  N  =  7  to  10  per  cent. 
{Spiro)  ;  the  sulphur  of  the  bile  is  not  oxidised  into  sulphuric  acid,  but  it  appears  as  a  sulphur- 
compound  in  the  urine  {Kunkcl,  v.  Voit). 

178.  SECRETION  OF  BILE.— (1)  The  secretion  of  bile  is  not  a  mere 
filtration  of  substances  already  existing  in  the  blood  of  the  liver,  but  it  is  a 
chemical  production  of  the  characteristic  biliary  constituents,  accompanied  by 
oxidation,  within  the  hepatic  cells,  to  which  the  blood  of  the  gland  only  supplies 
the  raw  material.  The  liver-cells  themselves  undergo  histological  changes  during 
the  process  of  digestion.  It  is  secreted  continually  ;  but  part  is  stored  up  in  the 
gall-bladder,  and  is  poured  out  copiously  during  digestion.  The  higher  temperature 
of  the  blood  of  the  hepatic  vein,  as  well  as  the  large  amount  of  COg  in  the  bile, 
indicates  that  oxidations  occur  within  the  liver.  The  water  of  the  bile  is  not 
merely  filtered  through  the  blood-capillaries,  as  the  pressure  within  the  bile-ducts 
may  exceed  that  in  the  portal  vein. 

(2)  The  quantity  of  bile  was  estimated  by  v.  Wittich,  from  a  biliary  fistula,  at 
533  cubic  centimetres  in  twenty-four  hours  (some  bile  passed  into  the  intestine) ; 
by  Westphalen,  at  453  to  566  grms.  [by  Murchison,  at  40  oz.]  ;  by  Joh.  Eanke,  on 
a  biliary -pulmonary  fistula,  at  652  cubic  centimetres.  The  last  observation  gives 
14  grms.  (with  0"44  grms.  solids)  per  kilo,  of  man  in  twenty-four  hours. 

Analogous  values  for  animals  are— 1  kilo,  dog,  32  gi-m.  (1-2  solids)  ;  1  kilo,  rabbit,  137  grm. 
(2-5  solids)  ;  1  kilo,  guinea-pig,  176  gims.  (2-5  solids). 

(3)  The  excretion  of  bile  into  the  intestine  shows  two  maxima  during  one  period 
of  digestion;  the  first  from  3  to  5  hours,  and  the  second  from  13  to  15  hours, 
after  food.  The  cause  is  due  to  simultaneous  reflex  excitement  of  the  hepatic  blood- 
vessels, which  become  greatly  dilated. 

(4)  The  influence  of  food  is  very  marked.  The  largest  amount  is  secreted 
after  a  flesh  diet,  with  some  fat  added;  less  after  vegetable  food ;  a  very  small 
amount  with  a  pure  fat  diet ;  it  stops  during  hunger.  Draughts  of  water  increase 
the  amount,  with  a  corresponding  relative  diminution  of  the  solid  constituents. 
[The  biliary  solids  are  increased  by  food,  reaching  their  maximum  about  one  hour 
after  feeding.] 

(5)  The  influence  of  blood-supply  is  variable  : — 

(a)  Secretion  is  gi-eatly  favoured  by  a  copious  and  rapid  blood-supply.  The  blood- pressure 
is  not  the  prime  factor,  as  ligature  of  the  cava  above  the  diaphragm,  whereby  the  greatest 
blood-pressure  occurs  in  the  liver,  arrests  the  secretion. 

(6)  Simultaneous  ligature  of  the  hepatic  artery  (diameter  5i  mm.)  and  the  portal  vem 
(diameter,  16  mm.)  abolishes  the  secretion  {Bohrig).  These  two  vessels  supply  the  raw 
material  for  the  secretion  of  bile.  t  •  j. 

(c)  If  the  hepatic  artery  be  ligatured,  the  portal  vein  alone  supports  the  secretion.  Ligature 
of  the  artery  or'  one  of  its  branches  ultimately  causes  necrosis  of  the  parts  supplied  by  that 
branch,  and  eventually  of  the  entire  liver,  as  this  artery  is  the  nutrient  vessel  of  the  liver.  _ 

(d)  If  the  branch  of  the  portal  vein  to  one  lobe  be  ligatured,  there  is  only  a  slight  secretion  in 
that  lobe  so  that  the  bile  must  be  formed  from  the  arterial  blood.  Complete  ligature  of  the  porta 
vein  rapi'Uy  causes  death  (§  87).  Neither  ligature  of  the  hepatic  artery  by  itself,  nor  gradual 
obliteration  of  the  portal  vein  by  itself,  causes  cessation  of  the  secretion,  but  it  is  diminished. 
That  sicdden  ligature  of  the  portal  vein  causes  cessation  is  due  to  the  fact  that,  m  addition  to 
diminution  of  the  secretion,  the  enormous  stagnation  of  blood  in  the  rootlets  of  the  portal  vein 
in  the  abdominal  organs  makes  the  liver  very  antcmic,  and  thus  prevents  it  from  secreting. 

(c)  If  the  blood  of  the  hepatic  artery  is  allowed  to  pass  into  the  portal  vein  (which  has  been 
ligatured  on  the  peripheral  side),  secretion  continues  (ScMff). 

Pmfuse  loss  of  blood  arrests  the  secretion  of  bile,  before  the  muscular  and  nervous 
apparatus  become  paralysed.    A  more  copious  supply  of  blood  to  other  or^ans-e.g.,  to  the 
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muscles  of  the  trunk — during  vigorous  exercise,  diminishes  the  secretion,  wliile  the  transfusion 
of  largo  quantities  of  blood  increases  it,  but  if  too  high  a  pressure  is  caused  in  the  portal  vein, 
by  introducing  blood  from  the  carotid  of  another  animal,  it  is  diminished. 

((/)  Influence  of  Nerves. — All  conditions  whicli  cause  contraction  of  the  abdominal  blood- 
vessels, e.g.,  stimulation  of  the  ansa  Vieussenii,  of  the  inferior  cervical  ganglion,  of  the  hepatic 
nerves,  of  the  splanchnics,  of  the  spinal  cord  (either  directly  by  strychnia,  or  reflexly  tlirougli 
stimulation  of  sensory.'uerves),  affect  the  secretion ;  and  so  do  all  conditions  which  cause  stagna- 
tion or  congestion  of  the  blood  in  the  hepatic  vessels  (section  of  tlie  splanchnic  nerves,  diabetic 
puncture,  §  175),  section  of  the  cervical  spinal  cord.  Paralysis  (ligature)  of  the  hepatic  nerves 
causes  at  first  an  increase  of  the  biliary  secretion. 

(li)  Portal  and  Hepatic  Veins. — With  regard  to  the  raw  material  supplied  to  the  liver  by  its 
blood-vessels,  it  is  important  to  note  the  difference  in  the  composition  of  the  blood  of  the 
hepatic  and  portal  veins.  The  blood  of  the  hepatic  vein  contains  more  sugar  ('/),  lecithin, 
cholesterin  {Drosdoff),  and  blood-corpuscles,  but  less  albumin,  fibrin,  hsemoglobin,  fat,  water, 
and  salts. 

[{%)  Uflfelmann  observed  that  the  flow  of  bile  from  a  person  with  a  biliary  fistula  was  arrested 
during  fever.] 

(6)  The  formation  of  bile  is  largely  dependent  upon  the  decomposition  of  red 
Wood-corpuscles,  as  they  supply  the  material  necessary  for  the  formation  of  some 
of  its  constituents. 

Hence,  all  conditions  which  cause  solution  of  the  coloured  Mood-corpuscles  are  accompanied 
by  an  increased  formation  of  bile  (§  180). 

(7)  Of  course  a  normal  condition  of  the  hepatic  cells  is  required  for  a  normal 
secretion  of  bile. 

Biliary  Fistulse. — The  mechanism  of  the  biliary  secretion  is  studied  in  animals  by  means  of 
biliary  fistula.  Schwann  opened  the  belly  by  a  vertical  incision  a  little  to  the  right  of  the 
ensiform  process,  cut  into  the  fundus  of  the 
gall-bladder,  and  sewed  its  margins  to  the  edges 
of  the  wound  in  the  abdomen,  and  afterwards 
introduced  a  cannula  into  the  wound  (fig.  197). 
To  secure  that  all  the  bile  is  discharged  exter- 
nally, tie  the  common  bile-duct  in  two  places  and 
divide  it  between  the  two  ligatures.  After  a  fistula 
is  freshly  made  the  secretion  falls.  This  depends 
upon  the  removal  of  the  bile  from  the  body.  If 
bile  be  supplied,  the  secretion  is  increased.  Re- 
generation of  the  divided  bile-duct  may  occur  in 
dogs.  V.  Wittich  observed  a  biliary  fistula  in 
man.  [A  temporary  biliary  fistula  may  also  be 
made.  The  abdomen  is  opened  in  the  same 
way  as  described  above.  A  long  bent  glass  „  i.  , 
cannula  is  introduced  and  tied  into  the  common  Schwann  s  permanent  fistula,  and  a  temporary 
bile-duct,  and  the  cystic  duct  is  U"atured  or  fistula.  Abel,  abdominal  wall;  G.B.,  gall- 
clamped  (fig.  197).  "The  tube  is  brought  out  ladder;  INT.,  intestine  ;  T,  tube  in  tempo- 
through  the  wound  in  the  abdomen.]  I'^^T  fistula  {Stirling). 

[Influence  of  the  Liver  on  Metabolism. —If  the  liver  be  excluded  from  the  circulation,  im- 
portant changes  must  necessarily  occur  in  the  metabolism.  In  birds  (the  goose)  there  is  an 
anastomosis  between  the  portal  system  of  the  liver  and  that  of  the  kidneys,  so  that,  when  the 
portal  circulation  is  interrupted  in  these  animals,  there  is  never  any  great  congestion  in  the 
abdominal  organs.  The  goose  dies  generally  eight  to  ten  hours  after  the  operation.  The  uric 
acid  in  the  unne  rapidly  falls  to  a  minimum  (-jV  to  of  normal)  ;  the  chief  constituent  of  the 
mine  is  then  sarcolactic  acid,  while  in  normal  urine  there  is  none  ;  the  ammonia  is  increased 
{MiiilcoivsTci).  This  experiment  goes  to  indicate  that  uric  acid  is  formed  in  the  liver.  Dog.— 
If  the  liver  be  excluded  from  the  portal  circulation,  by  connecting  the  portal  vein  with  the 
inferior  vena  cava,  and  ligaturing  the  hepatic  artery,  a  dog  will  live  in  the  iormer  case  three  to 
SIX  days  and  in  the  latter  one  to  two.  The  liver  does  not  undergo  necrosis,  nor  does  bile  cease 
to  be  secreted.  The  liver  is  nourished  by  the  blood  in  the  hepatic  vein,  the  reflux  in  this  vein 
being  probably  caused  by  the  respiratory  movements  {Stolnikoiv).  Noel  Paton  finds  that  in  dogs, 
ma  condition  of  nitrogenous  balance,  .some  drugs  which  increase  the  flow  of  bile  [e.g.,  salicylate 
and  benzoate  of  soda,  colchicum,  perchloride  of  mercury,  and  euonymin)  also  increase  the  pro- 
auction  of  urea  ;  hence,  he  concludes  that  the  formation  of  urea  in  the  liver  bears  a  very  direct 
relationship  to  the  secretion  of  bile  (§  256).] 

179.  EXCRETION  OF  BILE.— [In  this  connection  we  must  keep  in  view  two 
clistmct  mechanisms.    (1)   The  bile-secreting  mechanism  dependent  upon  the 
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liver-cells,  which  arc  always  in  a  greater  or  less  degree  of  activity  ;  (2)  the  'bile- 
expelling  mechanism,  which  is  specially  active  at  certain  periods  of  digestion 
(§  178)]. 

Excretion  of  bile  is  due  to  (1)  the  continual  pressure  of  the  newly-formed 
bile  within  the  interlobular  bile-ducts  forcing  onward  the  bile  in  the  excretory 
ducts. 

(2)  The  interrupted  periodic  compression  of  the  liver  from  above,  by  the 
diaphragm,  at  every  inspiration.  Turther,  every  inspiration  assists  the  flow  of 
blood  in  the  hepatic  veins,  and  every  respiratory  increase  of  pressure  within  the 
abdomen  favours  the  current  in  the  portal  vein. 

It  is  probable  that  the  diminution  of  the  secretion  of  bile,  which  occurs  after  bilateral  division 
of  the  vagi,  is  to  be  explained  in  this  way  ;  still  it  is  to  be  remembered,  that  the  vagus  sends 
branches  to  the  hepatic  plexus.  It  is  not  decided  whether  the  biliary  excretion  Ls  diminished 
after  section  of  the  phrenic  nerves  and  paralysis  of  the  abdominal  muscles. 

(3)  The  contraction  of  the  smooth  muscles  of  the  larger  bile-ducts  and  the  gall- 
bladder. Stimulation  of  the  spinal  cord,  from  which  the  motor  nerves  for  these 
structures  pass,  causes  acceleration  of  the  outflow,  which  is  afterwards  followed  by 
a  diminished  outflow.  Under  normal  conditions,  this  stimulation  seems  to  occur 
reflexly,  and  is  caused  by  the  passage  of  the  ingesta  into  the  duodenum,  which,  at 
the  same  time,  excites  movement  of  this  part  of  the  intestine. 

(4)  Direct  stimulation  of  the  liver,  and  reflex  stimulation  of  the  spinal  cord, 
diminish  the  excretion  ;  while  extirpation  of  the  hepatic  plexus  and  injury  to  the 
floor  of  the  fourth  ventricle  do  not  exert  any  disturbing  influence. 

(5)  A  relatively  small  amount  of  resistance  causes  bile  to  stagnate  in  the  bile- 
ducts. 

Secretion  Pressure. — A  manometer,  tied  into  the  gall-bladder  of  a  guinea-pig,  supports  a 
column  of  200  millimetres  of  ivater;  and  secretion  can  take  place  under  this  pressure.  If  this 
pressure  be  increased,  or  too  long  sustained,  the  watery  bile  passes  from  the  liver  into  the 
blood,  even  to  the  amount  of  four  times  the  weight  of  the  liver,  thus  causing  solution  of  the 
red  blood-corpuscles  by  the  absorbed  bile ;  and  very  soon  thereafter  hfemoglobin  appears  in  the 
urine.  [This  fact  is  of  practical  importance,  as  duodenitis  may  give  rise  to  symptoms  of 
jaundice,  the  resistance  of  the  inflamed  mucous  membrane  being  sufficient  to  arrest  the  out- 
flow of  bile.  ] 

Passage  of  Substances  into  the  Bile. — Some  substances  which  enter  the  blood  pass  into  the 
bile  ;  especially  the  metals,  copper,  arsenic,  iron,  &c.  ;  potassium  iodide,  bromide,  and 
sulphocyanide,  and  turpentine  ;  to  a  less  degree,  cane-sugar  and  grape-sugar  ;  sodium  salicylate, 
and  carbolic  acid.  If  a  large  amount  of  water  be  injected  into  the  blood,  the  bile  becomes 
albuminous  ;  mercuric  and  mercurous  chlorides  cause  an  increase  of  the  water  of  the  bile. 
Sugar  has  been  found  in  the  bile  in  diabetes  ;  leucin  and  tyrosin  in  typhus,  lactic  acid  and 
albumin  in  other  pathological  conditions  of  this  fluid. 

180.  REABSORPTION  OF  BILE;  JAUNDICE.— I.  Absorption- Jaundice. —When  resist- 
ance is  offered  to  the  outflow  of  bile  into  the  intestine,  e.g.,  by  a  plug  of  mucus,  or  a  gall-stone 
which  occludes  the  bile-duct,  or  where  a  tumour  or  pressure  from  without  makes  it  impervious 
—the  bile-ducts  become  filled  with  bile  and  cause  an  enlargement  of  the  liver.  The  pressure 
within  the  bile-ducts  is  increased.  As  soon  as  the  pressure  has  reached  a  certain  amount, 
which  it  soon  does  when  the  bile-duct  is  occluded  (in  the  dog  275  mm.  of  a  column  of  bile), 
reabsorption  of  bile  from  the  distended  larger  bile-ducts  takes  place  into  the  lymphatics  (not 
the  blood-vessels)  of  the  liver,  the  bile-acids  pass  into  the  lymphatics  of  the  liver.  [The 
lymphatics  can  be  seen  at  the  portal  fissure  filled  with  yellow-coloured  lymph.]  The  lymph 
passes  into  the  thoracic  duct,  and  so  into  the  blood  {FlciscM).  Even  when  the  pressure  is  very 
low  within  the  portal  vein,  bile  may  pass  into  the  blood  without  any  obstruction  to  the  bile-duct 
being  present.  This  is  the  case  in  Icterus  neonatorum,  as  after  ligature  of  the  umbilical  cord 
no  more  blood  passes  through  the  umbilical  vein  ;  further,  in  the  icterus  of  hunger,  "hungcr- 
.iaundice  "  as  the  portal  vein  is  relatively  empty,  owing  to  the  feeble  absorption  from  the 
intestinal  canal  {CL  Bernard).  ,       ,  ,  .,    n        i  v  ^  +1 

II.  Cholsemia  may  also  occur,  owing  to  the  excessive  production  of  bile  (liypercnolia),  tne 
bile  not  being  all  excreted  into  the  intestine,  so  that  part  of  it  is  reabsorbed.  This  takes 
place  when  there  is  solution  of  a  great  number  of  blood-corpuscles  (§  178,  6),  which  yield 
material  for  the  formation  of  bile.  Thick  inspissated  bile  accumulates  in  the  bile-ducts,  so  that 
8ta"-nation  with  subsequent  reabsorption  of  the  bile,  takes  place.    The  transfusion  of  hetero- 
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geneous  blood  obtained  by  dissolving  coloured  blood-corpuscles  acts  in  this  direction.  Icterus  is 
a  common  phenomenon  after  too  copious  transfusion  ot  the  same  blood.  The  blood-corpuscles 
are  dissolved  by  the  injection  into  the  blood  of  heterogeneous  blood-serum,  by  the  injection  of 
bile-acids  into  the  vessels,  and  by  other  salts,  by  phosphoric  acid,  water,  chloral,  inhalation  of 
chloroform  and  ether ;  the  injection  of  dissolved  hEemoglobiu  into  the  arteries  or  into  a  loop  of 
the  small  intestine  acts  in  the  same  way. 

Icterus  Neonatorum. — When,  owing  to  compression  of  the  placenta  within  the  uterus,  too 
much  blood  is  forced  into  the  blood-vessels  of  the  newly-born  infant,  a  part  of  the  surplus 
blood  during  the  first  few  days  becomes  dissolved,  part  of  the  hagmoglobin  is  converted  into 
bilirubin,  thus  causing  jaundice  ( Virchow,  Violet). 

Absorption-Jaundice. — When  tlie  jaundice  is  caused  by  the  absorption  of  bile 
already  formed  in  the  liver,  it  is  called  hepatogenic  or  absorption-jaundice.  The 
following  are  the  symptoms  : — 

(1)  Bile-pigments  and  bile-acids  pass  into  the  tissues  of  the  body;  hence,  the  most  pro- 
nounced external  symptom  is  the  yellowish  tint  or  jaundice.  The  skin  and  the  sclerotic 
become  deeply  coloured  yellow.    In  pregnancy  the  foetus  is  also  tinged. 

(2)  Bile-pigments  and  bile-acids  pass  into  the  tirine  (not  into  the  saliva,  tears,  or  mucus), 
(§  177).  When  there  is  much  bile-pigment,  the  urine  is  coloured  a  deep  yellowish-brown,  and 
its  froth  is  citron-yellow ;  while  strips  of  gelatin  or  paper  dipped  into  it  also  become  coloured. 
Occasionally  bilirubin  ( =  hfematoidin)  crystals  occur  in  the  urine  (§  266). 

(3)  The  faeces  are  "  clay-coloured"  (because  the  hydrobilirubin  of  the  bile  is  absent  from  the 
foecal  matter) — very  hard  (because  the  fluid  of  the  bile  does  not  pass  into  the  intestine); 
contain  much  fat  (in  globules  and  crystals),  because  the  fat  is  not  sufficiently  digested  in  the 
intestine  mthout  bile,  so  that  78  per  cent,  of  the  fat  taken  with  the  food  reappears  in  the  fseces 
[v.  Voit) ;  they  have  a  very  disagreeable  odour,  because  the  bile  normally  greatly  limits  the 
putrefaction  in  the  intestine.  [V.  Voit  finds  that  putrefaction  does  not  take  place  if  fats  be 
withheld  from  the  food.]  The  evacuation  of  the  fxces  occurs  slowly,  partly  owing  to  the  hardness 
of  the  fseces,  partly  because  of  the  absence  of  the  peristaltic  movements  of  the  intestine,  owing 
to  the  want  of  the  stimulating  action  of  the  bile. 

(4)  The  heart-beats  are  greatly  diminished,  e.g.,  to  40  per  minute.  This  is  due  to  the 
action  of  the  bile-salts,  which  at  first  stimulate  the  cardiac  ganglia,  aud  then  weaken  them. 
BUe-salts  injected  into  the  heart  produce  at  first  a  temporary  acceleration  of  the  pulse,  and  after- 
wards slowing  (Bohrig).  The  same  occurs  when  they  are  injected  into  the  blood,  but  in  this 
case  the  stage  of  excitement  is  very  short.  The  phenomenon  is  not  affected  by  section  of  the 
vagi.  It  is  probable,  that  when  the  action  of  the  bile-salts  is  long  continued,  they  act  upon  the 
heart-muscle.  In  addition  to  the  action  on  the  heart,  there  is  slowing  of  the  respiration  and 
diminution  of  temperature. 

(5)  That  the  nervous  system,  and  perhaps  also  the  muscles,  are  affected,  either  by  the  bile- 
salts  or  by  the  accumulation  of  cholesterin  in  the  blood,  is  shown  by  the  very  general  relax- 
ation, sensation  of  fatigue,  weakness,  drowsiness,  and  lastly  deep  coma — sometimes  there  is 
sleeplessness,  itchiness  of  the  skin,  even  mania,  and  spasms.  Lowit,  after  injecting  bile  into 
animals,  observed  phenomena  referable  to  stimulation  of  the  respiratory,  cardio-inhibitory, 
and  vasomotor  nerve-centres. 

(6)  In  very  pronounced  jaundice  there  maybe  "yellow  vision,"  owing  to  tho  impregnation  of 
the  retina  and  macida  lutea  with  the  bile-pigment. 

(7)  The  bile-acids  in  the  blood  dissolve  the  red  blood-corpuscles.  The  hsemoglobin  is 
changed  into  new  bile-pigment,  and  the  globulin-like  body  of  the  hEemoglobin  may  form 
urinary  cylinders  or  casts  in  the  urinary  tubules,  which  are  ultimately  washed  out  of  the  tubules 
by  the  urine. 

[Influence  of  Drugs  on  the  Secretion  of  BUe.— On  animals  one  may  make  either  a  permanent 
or  a  temporary  fistula.  The  latter  is  the  more  satisfactory  method,  and  the  experiments  are 
usually  made  on^  fasting  curarised  dogs.  A  suitable  cannula  is  introduced  into  the  common 
bue-duct  (fig.  197),  the  animal  is  curarised,  artificial  respiration  being  kept  up,  while  the  drug 
IS  injected  into  the  stomach  or  intestine.  Rohrig  used  this  method,  which  was  improved  by 
Rutherford  and  Vignal.  Rohrig  found  that  some  purgatives,  croton  oil,  colocynth,  jalap,  aloes, 
rhubarb,  senna,  and  other  substances,  increased  the  secretion  of  bile.  Rutherford  and  Vignal 
investigated  the  action  of  a  large  number  of  drugs  on  the  bile-secreting  mecbanism.  They 
found  that  croton  oil  is  a  feeble  hepatic  stimulant,  while  podophylliu,  aloes,  colchicura,  euony- 
mm,  mdin,  sangumarin,  ipecacuan,  colocynth,  sodium  phosphate,  phytolaccin,  sodium  benzoate, 
sodium  salicylate,  ddute  nitro-hydrochloric  acid,  ammonium  phosphate,  mercuric  chloride  (cor- 
rosive sublimate),  are  all  powerful,  or  very  considerable,  hepatic  stimulants.  Some  substances 
stimulate  the  intestinal  glands,  but  not  the  liver,  e.g.,  magnesium  sulphate,  castor  oil,  gam- 
boge, ammonium  chloride,  manganese  sulphate,  calomel.  Other  substances  stimulate  the  liver 
as  well  as  the  intestinal  glands,  although  not  to  the  same  extent,  e.g.,  scammony  (powerful 
intestinal,  feeble  hepatic  stimulant);  colocynth  excites  both  powerfully;  jalap,  sodium  sulphate, 
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and  baptisin,  act  with  considcral)le  power  both  on  the  liver  and  the  intestinal  glands.  Cala- 
bar beau  stimulates  tho  liver,  and  the  increased  secretion  caused  thereby  may  be  reduced  by 
sulphate  of  atropin,  although  tho  latter  drug,  when  given  aloue,  does  not  notably  aii'ect  the 
secretion  of  bile.  Tho  injection  of  water  or  bile  slightly  increases  the  secretion.  In  all  cases 
where  purgation  was  produced  by  purely  intestinal  stimulants,  such  as  magnesium  sulphate, 
gamboge,  and  castor  oil,  the  secretion  of  bile  was  diminished.  In  all  such  experiments  it  is  most 
important  that  the  tcm2?crature  of  the  animal  he  kq)L  uj),  else  tho  secretion  of  bile  diminishes. 
Paschkis's  results  on  dogs  diller  considerably  from  those  of  Kutherford.  He  asserts  that  only 
the  bile-acids  (salts)  of  all  the  substances  he  investigated  excite  a  prompt  and  distinct  chola- 
gogue  action.] 

[As  yet  we  cannot  say  definitely  whether,  or  not,  the.se  substances  stimulate  the  secretion  of  bile, 
by  exciting  the  mucous  membrane  of  the  small  intestine,  and  thereby  inducing  reflex  excitement 
of  tho  liver.  Their  action  does  not  seem  to  be  due  to  increase  of  the  blood-stream  through  the 
liver.  More  probably,  as  lluthorford  suggests,  these  drugs  act  directly  on  the  hepatic-cells  or 
their  nerves.  Acetate  of  lead  directly  depresses  the  biliary  secretion,  while  some  substances 
affect  it  indirectly.  ] 

[Oholestersemia.— Flint  ascribes  great  importance  to  the  excretion  of  cholesterin  by  the  bile, 
with  refcreuce  to  the  metabolism  of  the  nervous  system.  Cholesterin,  which  is  a  normal  in- 
gredient of  nervous  tissue,  is  excreted  by  the  bile  ;  and  if  it  be  retained  in  the  blood  "choles- 
tersemia,"  with  grave  nervous  symptoms,  is  said  to  occur.  This,  however,  is  problematical, 
and  the  phenomena  described  are  probably  referable  to  the  retention  of  the  bUe-acids  in  the 
blood.] 

181.  FUNCTIONS  OF  THE  BILE.— [(1)  Bile  is  concerned  in  the  digestion  of 
certain  food-stufEs  ;  (2)  part  is  absorbed  ;  (3)  part  is  excreted.] 
(A)  Bile  plays  an  important  part  in  the  a^jsorption  of  fats  : — 

(1)  It  emulsioniscs  neutral  fats,  whereby  the  fatty  granules  pass  more  readily 
through  or  between  the  cylindrical  epithelium  of  the  small  intestine  into  the  lac- 
teals.  It  does  not  decompose  neutral  fats  into  glycerine  and  a  fatty  acid,  as  the 
pancreas  does  (§  170,  III.). 

When,  however,  fatty  acids  are  dissolved  in  the  bile,  the  bile-salts  are  decomposed,  the  bile- 
acids  being  set  free,  while  the  soda  of  the  decomposed  bile-salts  readily  forms  a  soluble  soap 
with  the  fatty  acids.  These  soaps  are  soluble  in  the  bile,  and  increase  considerably  the  emulsi- 
fying power  of  this  fluid.  Bile  can  dissolve  fatty  acids  to  form  an  acid  fluid,  which  has  high 
emulsionising  properties  (Steiner),  Emulsification  is  influenced  by  a  1  per  cent,  solution  of 
NaCl,  or  li^a.^^O^. 

(2)  As  fluid  fat  flows  more  easily  through  capillary  tubes  moistened  with  bile,  it 
is  concluded  that,  when  the  pores  of  the  wall  of  the  small  intestine  are  moistened 
with  bile,  the  fatty  particles  pass  more  easily  through  them. 

(3)  Filtration  of  fat  takes  place  through  a  membrane  moistened  with  bile  or  bile- 
salts  under  less  pressure  than  when  it  is.  moistened  vnth  water  or  salt  solutions  {v. 
Wistinghausen). 

(4)  As  bile,  like  a  solution  of  soap,  has  a  certain  relation  to  watery  solutions,  as 
well  as  to  fats,  it  permits  diffusion  to  take  place  between  these  two  fluids,  as  the 
membrane  is  moistened  by  both  fluids. 

It  is  clear,  therefore,  that  the  bile  is  of  great  importance  in  the  absorption  of  fats.  This  is 
strikingly  illustrated  by  experiments  on  animals,  in  which  the  bile  is  entirely  discharged  exter- 
nally through  a  fistula.  Dogs  under  these  conditions,  absorbed  at  most  40  per  cent,  of  the  fat 
taken  with  the  food  [60  per  cent,  being  given  off  by  the  fajces,  while  a  normal  dog  absorbs  99 
per  cent,  of  the  fat].  The  chyle  of  such  animals  is  very  poor  in  fat,  is  not  white  but  trans- 
parent ;  the  faeces,  however,  contain  much  fat,  and  are  oily ;  the  animals  have  a  ravenous 
appetite  ;  the  tissues  of  the  body  contain  little  fat,  even  when  the  nutrition  of  the  animals  has 
not  been  much  interfered  with.  Persons  suffering  from  disturbances  of  the  biliary  secretion,  or 
from  liver  afl'ections,  ought,  therefore,  to  abstain  fi-om  fatty  food.  [The  digestion  of  flesh  aud 
gelatin  is  not  interfered  with  in  dogs  by  the  removal  of  the  bile  {v.  Voit).'\ 

(B)  Fresh  bile  contains  a  diastatic  ferment,  which  transforms  starch  into  sugar, 
and  also  glycogen  into  sugar. 

(C)  Bile  excites  contractions  of  the  muscular  coats  of  the  intestine,  and  con- 
tributes thereby  to  absorption. 

(1)  The  bile-acids  act  as  a  stimulus  to  the  muscles  of  the  villi,  which  contract  from  time  to 
time,  so  that  the  contents  of  the  origins  of  the  lacteals  are  emptied  towards  the  larger  lym- 
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phatics,  and  tho  villi  are  thus  in  a  position  to  absorb  more.  [The  villi  act  like  numerous  small 
pumps,  and  expel  tlieir  contents,  (vhich  are  prevented  from  returning  by  the  presence  of  valves 
in  the  larger  lymphatics.] 

(2)  The  musculature  of  the  intestine  itself  seems  to  be  excited,  perhaps  through  the  agency 
of  the  plexus  myentoricus,  In  animals  with  a  biliary  fistula,  and  in  which  the  bile-duct  is 
obstructed,  the  intestinal  peristalsis  is  greatly  diminished,  while  the  salts  of  the  bile-acids 
administered  by  the  mouth  cause  diarrhoea  and  vomiting.  As  contraction  of  the  intestine  aids 
absorption,  bile  is  also  necessary  in  this  way  for  the  absorption  of  the  dissolved  food-stuffs. 

(D)  The  presence  of  bile  seems  to  be  necessary  to  the  vital  activity  of  the  intes- 
tinal epithelium  in  its  supposed  function  of  being  concerned  iu  the  absorption  of 
fatty  particles  (§  190). 

(E)  Bile  moistens  the  wall  of  the  intestines,  and  gives  to  the  faeces'  their  normal 
amount  of  water,  so  that  they  can  be  readily  evacuated.  Animals  with  biliary 
fistula,  or  persons  with  obstruction  of  the  bile-ducts,  are  very  costive.  The  mucus 
aids  the  forward  movement  of  the  ingesta  through  the  intestinal  canal.  [Thus,  iu 
a  certain  sense,  bile  is  a  natural  jmrgative.] 

(F)  The  bile  diminishes  putrefactive  decomposition  of  the  intestinal  contents, 
especially  with  a  fatty  diet,  §  190.  [Thus,  it  is  an  antiseptic,  although  this  is 
doubted  by  v.  Voit.] 

(G)  When  the  strongly  acid  contents  of  the  stomach  pass  into  the  duodenum, 
the  glycocholic  acid  is  precipitated  by  the  gastric  acid,  and  carries  the  pepsin  -with 
it  {BurJcari).  Some  of  the  albumin,  which  has  been  simply  dissolved  (but  not 
peptone  or  propeptone),  is  also  precipitated,  by  the  taurocholic  acid  {Maly  and 
Emich).  The  bile-salts  are  decomposed  by  the  acid  of  the  gastric  juice.  When  the 
mixture  is  rendered  alkaline  by  the  pancreatic  juice  and  the  alkali  derived  from  the 
decomposition  of  the  bile-salts,  the  pancreatic  juice  acts  energetically  in  this  alka- 
line medium  [Moleschott). 

[Taurocholic  acid  and  its  soda  salts  precipitate  albumin,  but  not  peptone  ;  glycocholic  acid 
does  not  precipitate  albumin,  so  that  in  the  intestine  the  peptone  is  separated  from  the  albumin 
(and  syntouin),  and  may  therefore  be  more  readily  absorbed,  while  the  precipitate  adhering  to 
the  intestinal  wall  can  be  further  digested  {Maly  andHmicJi).  Taurocholic  acid  behaves  in  the 
same  way  towards  gelatin  peptone.  ] 

_  BiUous  Vomit.— When  bile  passes  into  the  stomach,  as  in.  vomiting,  the  acid  of  the  gastric 
juice  unites  with  the  bases  of  the  bile-salts  ;  sodium  chloride  and  free  bUe-acids  are  formed,  and 
the  acid-reaction  is  thereby  somewhat  diminished.  The  bile-acids  cannot  carry  on  gastric 
digestion ;  the  neutralisation  also  causes  a  precipitation  of  the  pepsin  and  mucin.  As  soon, 
however,  as  the  walls  of  the  stomach  secrete  more  acid,  the  pepsin  is  redissolved.  The  bile 
which  passes  into  the  stomach  deranges  gastric  digestion,  by  shrivelling  the  proteids,  which  can 
only  be  peptonised  when  they  are  swollen  up  (p.  250). 

182.  FATE  OF  THE  BILE. — Some  of  the  biliary  constituents  are  completely 
evacuated  with  the  faeces,  while  others  are  reabsorbed  by  the  intestinal  walls. 

(1)  Mucin  passes  unchanged  into  the  f^ces. 

(2)  The  bile-pigments  are  reduced,  and  are  partly  excreted  with  the  fseces  as 
hydrobilirubin,  and  partly  as  the  identical  end-product  urobilin  by  the  urine 
(§  177,  3  g). 

From  meconium  hydrobilirubin  is  absent,  while  crystalUne  bilirubin  and  biliverdin,  and  an 
unknovvn  red  oxidation-product  of  them,  are  present  [bile-acids,  even  taurocholic,  and  small 
trace  of  fatty  acids]  (Zwecfd),  so  that  it  gives  Gmelin's  reaction.  Hence,  no  reduction— but 
rattier  oxidation— processes  occur  in  the  fojtal  intestine.  [Composition. —Dary  gives  727  per 
^iaL'Jf    ''^    v?''-''^  and  epithelium,  1  per  cent,  fat  and  cholesterin,  and  3  per  ceht.  bile. 

hnf  f  l-f-  20-22  per  cent.    It  does  not  contain 

niln       but  so  much  bilirubin  that  Hoppe-Seyler  uses  it  as  a  good  source  whence  to  obtaui  this 
pigment.    It  gives  a  spectrum  ot  a  body  related  to  urobilin.] 

(3)  Cholesterin  is  given  ofi  with  the  fseces. 

(4)  The  bile-salts  are  for  the  most  part  reabsorbed  by  the  walls  of  the  jejunum 
and  Ileum,  to  be  re-employed  in  the  animal's  economy.  Tappeiner  found  them  in 
tne  Chyle  ot  the  thoracic  duct— minute  quantities  pass  normally  from  the  blood 
imo  the  urine.    Only  a  very  small  amount  of  glycocholic  acid  appears  unchanged 
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in  the  ffBces.  _  The  taurocholic  acid,  as  far  as  it  is  not  absorbed,  is  easily  decom- 
posed m  the  intestine,  by  the  putrefactive  processes,  into  cholalic  acid  and  taurin  • 
the  former  of  these  is  found  in  the  fsoces,  but  the  taurin  at  least  seems  not  to  be 
constantly  present.  Part  of  the  cholalic  acid  is  absorbed,  and  may  unite  in  the 
hver  either  with  glycin  or  taurin  (Weiss). 

(5)  The  fteces  contain  mere  traces  of  lecithin. 

Impaired  Nutrition.-The  groatest  part  of  the  most  important  biliary  constituents,  the  bile- 
ac  ds,  re-enter  the  b  ood,  and  thus  is  explained  why  animals  with  a  biliary  Dstula,  where  all  the 
bile  is  removed  (without  the  animal  being  allowed  to  lick  the  bile),  rapidly  lose  we  ght  Thi^ 
WoftV^h  n'^r  "fth*^  fats  being  interfered  with,  and  dso  upon  the  direct 

loss  of  the  bile-salts.  If  such  dogs  are  to  maintain  their  weiglit,  they  must  eat  twice  as  much 
tood.    in  _  such  cases,  carbohydrates  most  beneficially  replace  the  fats.    If  the  dirrestive 

f,*  flT^'''.*^'*'  "'^  °f  tli^i"-  voracity,  may  even  increase  in 

weight,  but  the  flesh  and  not  the  fat  is  increased.  J-  J 

Bile  partly  an  Excretion.— The  fact  that  bile  is  secreted  during  the  foetal 
period,  whilst  none  of  the  other  digestive  fluids  is,  proves  that  it  is  an  excretion. 

The  cholaUc  acid  which  is  reabsorbed  by  the  intestinal  walls  passes  into  the  body,  and  seems 
ultimately  to  be  burned  to  form  CO;,  and  HoO.  The  glycin  (with  hippuric  acid)  forms  urea,  as 
the  urea  is  increased  after  the  injection  of  glycin.  The  fate  of  taurin  is  unknown.  When  large 
quantities  are  introduced  into  the  human  stomach,  it  reappears  in  the  urine  as  tauro-carbamic 

acid,  along  with  a  small  quantity  of  unchanged 
taurin.  When  injected  subcutaneously  into  a 
rabbit,  nearly  all  of  it  reappears  in  the  urine. 

[Practical. — In  practice  it  is  important  to  re- 
member that  bile,  once  in  the  intestine,  is  liable 
to  be  absorbed  unless  it  be  carried  down  the 
intestine  ;  hence,  it  is  one  thing  to  give  a  drug 
which  will  excite  the  secretion  of  bile,  i.e.,  a 
hepatic  stimulant,  and  another  to  have  the  bile  so 
secreted  expelled.  It  is  wise,  therefore,  to  give  a 
drug  which  will  do  both,  or  at  least  to  combine  a 
hepatic  stimulant  with  one  which  will  stimulate 
the  musculature  of  the  intestine  as  well.  Active 
exercise,  whereby  the  diaphragm  is  vigorously 
called  into  action  to  compress  the  liver,  wUl  aid  In 
the  expulsion  of  the  bile  from  the  liver  (BruTiion).] 

183.  THE  INTESTINAL  JITICE.— Length  of 

Intestine. — The  human  intestine  is  ten  times 
longer  than  the  length  of  the  body,  as  measured 
from  the  vertex  to  the  anus.  It  is  longer  com- 
paratively than  that  of  the  omnivora.  Its  mini- 
mum length  is  507,  its  maximum  1194  centimetres 
[17  to  35  feet] ;  its  capacity  is  relatively  greater  in 
children  {Bencke). 

The  succus  entericus  is  the  digestive 
fluid  secreted  by  the  numerous  glands  of  the 
intestinal  mucous  membrane.  The  largest 
amount  is  produced  by  Lieberkiihn's  glands, 
while  in  the  duodenum  there  is  added  the 
scanty  secretion  of  Brunner's  glands. 

Brunner's  glands  are  small,  branclied,  tubular  glands,  lying  in  the  sub-mucosa  of  the  duo- 
denum. Their  fine  ducts  run  inwards,  pierce  the  raucous  membrane,  and  open  at  the  bases  of  the 
villi  (fig.  198).  The  acini  are  lined  by  cylindrical  cells,  like  those  lining  the  jiyloric  glands.  In 
fact  Brunner's  glands  are  structurally  and  anatomically  identical  with  the  pyloric  glands  of  the 
stomach.  During  hunger,  the  cells  are  turbid  and  small,  while  during  digestion  they  are  large 
<and  clear.    The  glands  receive  nerve-fibres  from  Meissner's  plexus  (DrascJi). 

I.  The  Secretion  of  Brunner's  Glands. — The  granular  contents  of  the  secretory 
cells  of  these  glands,  which  occur  singly  in  man,  but  form  a  continuous  layer  in 
the  duodenum  of  the  sheep,  besides  x>'>'oteids  consist  of  mucin  and  a  fa-meni- 
sjibstance  of  unknown  constitution.    The  watery  e.xtract  of  the  glands  causes — (1) 
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Vertical  section  of  duodenum  (cat),  x  30. 
U,  epithelium  ;  c  and  I,  circular  and  longi- 
tudinal muscular  fibres ;  L.g,  Lieberkiihn's 
glands ;  B.g,  Brunner's  glands,  g,  ganglion 
cells  :  V,  villi. 
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Solution  of  proteids  at  the  temperature  of  the  body  (Krolow).  (2)  It  also  has  a 
diastatic  action.  It  converts  maltose  into  glucose  {Brown  and  Heron).  It  does  not 
appear  to  act  upon  fats. 

Ou  account  of  the  sniallness_  of  the  objects,  such  experiments  are  only  made  with  great 
difficulty,  and,  therefore,  there  is  a  considerable  uncertainty  mth  regard  to  the  action  of  the 
secretion. 

Lieberkiihn's  glands  are  simple  tubular  glands  resembling  the  finger  of  a  glove  [or  a  test- 
tube],  wliich  lie  closely  packed,  vertically  near  each  other,  in  the  mucous  membrane  (fig.  199)  ; 
they  are  most  numerous  in  the  large  intestine,  owing  to  the  absence  of  villi  in  this  region.' 
They  consist  of  a  structureless  membrana  propria  lined  by  a  single  layer  of  low  cylindricai 
epithelium,  between  which  numerous  goblet-cells  occur,  the  goblet-cells  being  fewer  in  the 
small  intestine  and  much  more  numerous  in  the  large  (fig.  199).  The  glands  of  the  small 
intestine  yield  a  thin  secretion,  while  those  of  the  large  intestine  yield  a  large  amount  of  sticky 
mucus  from  their  goblet- 
cells  {Elose  and  Hciclcn- 
hain).  [In  a  vertical 
section  of  the  small  in- 
testine they  lie  at  the 
base  of  the  villi  (fig. 
198).  In  transverse  section  they 
are  shown  in  fig.  200.] 

II.    The    Secretion  of 
lieberkiihn's  Glands,  from 
the  duodenum  onwards,  is 
the  chief  source  of  the 
testinal  juice. 

Intestinal  Fistula. — The  in- 
testinal juice  is  obtained  by 
making  a  Thiry's  Fistula  (1864). 
A  loop  of  the  intestine  of  a  dog 
is  pulled  forward  (fig.  201,  1), 
and  a  piece  about  4  inches  in 
length  is  cut  out,  so  that  the 
continuity  of  the  intestinal  tube 
is  broken,  but  the  mesentery  and 
its  blood-vessels  are  not  divided. 
One  end  of  this  tube  is  closed, 
and  the  other  end  is  left  open 
and  stitched  to  the  abdominal 
wall  (fig.  201,  3).  The  two  ends 
of  the  intestine,  from  which  this 
piece  was  taken,  are  brought  to- 
gether with  sutures,  so  as  to 
establish  the  continuity  of  the 
intestinal  canal  (fig.  201 , 2).  The 
excised  piece  of  intestine  yields  a 
secretion  which  is  uncontaminated 
with  any  other  digestive  secre- 
tion. [Thiry's  method  is  very 
unsatisfactory,  as  judged  from 
the  action  of  the  separated  loop 
in  relation  to  medicaments,  prob- 


Fig.  200. 
Transverse  section  of  Lieberkiihn's 
follicles. 


Abd 


Abd 


Fig.  199. 
Lieberkiihn's 
gland  from 
the  large  in- 
testine (dog). 


Fig.  201. 

Scheme  of  Thiry's  fistula  1,  2,  3,  4, 
Vella's  Fistula.  AA'  are  stitched 
together ;  Abd,  Abdominal  wall 
{Stirling), 


ably  owing  to  its  mucous  membrane  becoming  atrophied  from  disuse,  or  injured  by  inflammar 

sn,"?!® n?n  ^"""i*^  f^'^^t  ^Tli  °Pe°i"g  ill  the  intestine,  through  which  he  introduces  two 
Slrlp  l f  ^'''"'■''^^Ti"^^"'  ^^V^  '^^'^  °*he'^  below  the  opening,  which  are  then 
S^ll  w  1  ^  inflation  until  they  completely  block  a  certain  length  of  the  intestine.  The  loop 
Iw.;  wV  1,°?'  b^^i'ig.beeii  previously  well  washed  out,  is  allowed  to  become  filled  with 
succus,  which  IS  secreted  on  the  application  of  various  stimuli.    By  means  of  Bernard's 

desired.]''"''''    ^      ^  ""'"^^  ^'^""^^  ^°°P'       secretion  can  be  removed  when 

ofSffnw*''^^'"??'''.*^'  ^  "iog.  ^"c^  pull  out  a  loop  (30  to  50  ctm.)  [1  to  U  feet] 

rest  of  fl,p  i  f   k'  """"'^i^^^^^f  ^\  '  "^V^^  1*  l^elow,  re-establish  the  continuity  of  the 

rest  of  the  intestine.    Stiteh  both  ends  of  the  loop  of  intestine  into  the  wound  in  the  liuea  alba 
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(fig.  201,  4),  so  that  there  is  a  loop  of  intestine  suiipliecl  by  its  blood-vessels  and  nerves,  isolated 
luul  with  an  upper  and  lower  aperture.] 

The  intestinal  juice  of  such  fistulas  flows  spontaneously  in  very  small  amount, 
and  is  increased  during  digestion ;  it  is  increased — especially  its  mucus— by 
mechanical,  chemical,  and  electrical  stimuli;  at  the  same  time,  the  mucous 
membrane  becomes  red,  so  that  100  centimetres  yield  13  to  18  grammes  of  this 
juice  in  an  hour  {TJdry).  The  juice  is  light  yellow,  opalescent,  thin,  strongly 
alkaline,  specific  gravity  1011,  evolves  CO2  when  an  acid  is  added;  it  contains 
albumin,  ferments,  and  mucin— especially  the  juice  of  the  large  intestine.  Its 
composition  is— water,  97-59;  proteids,  0-80;  other  organic  substances  =  0-73;  salts, 
0-88  per  cent. ;  amongst  these— sodium  carbonate,  0-32  to  0-34  per  cent. 

[The  intestinal  juice  obtained  by  Meade  Smith's  method  contained  only  0'39  per  cent,  of 
organic  matter,  and  in  this  respect  agreed  closely  with  the  juice  which  A.  Moreau  procured  by 
dividing  the  mesenteric  nerves  of  a  ligatured  loop  of  intestine.  The  secretion  of  the  large 
intestine  is  much  more  viscid  than  that  of  the  small  intestine.] 

Actions  of  Succus  Entericus. — It  is  most  active  in  the  dog,  and  in  other  animals 
it  is  more  or  less  inactive. 

(1)  It  is  less  diastatic  than  the  saliva  and  the  pancreatic  juice,  but  it  does  not 
form  maltose ;  while  the  juice  of  the  large  intestine  does  not  possess  this  property 
(BicJihorst). 

(2)  It  converts  maltose  into  grape-sugar.  It  seems,  therefore,  to  continue  the 
diastatic  action  of  saliva  (§  148)  and  pancreatic  juice  (§  170),  which  usually  form  only 
maltose. 

According  to  Bourquelot  this  action  is  due  to  the  intestinal  schizomycetes  and  not  to  the 
intestinal  juice  as  such,  the  saliva,  gastric  juice,  or  invertin.  The  greater  part  of  the  maltose 
appears,  however,  to  be  absorbed  unchanged. 

(3)  Fibrin  is  slowly  (by  the  trypsin  and  pepsin — Kiihne)  peptonised  {Thiry, 
Leuhe) ;  less  easily  albumin  {Masloff),  fresh  casein,  flesh  raw  or  cooked, 
vegetable  albumin ;  probably  gelatin  also  is  changed  by  a  special  ferment  into  a 
solution  which  does  not  gelatinise  (Eichhorst). 

(4)  Fats  are  only  partly  emulsionised  (Schif),  and  afterwards  decomposed 
(Vella). 

(5)  According  to  CI.  Bernard,  invertin  occurs  in  intestinal  juice  (this  ferment 
can  also  be  extracted  from  yeast).  It  causes  cane-sugar  (CioT^oo^u)  to  take  up 
water  ( +  HgO),  and  converts  it  into  invert-sugar,  which  is  a  mixture  of  left  rotating 
sugar  (lasvulose,  CqH;^206)  grape-sugar  (dextrose,  CgH^gOo)*  Heat  seems  to 
be  absorbed  during  the  process. 

[Hoppe-Seyler  has  suggested  that  this  ferment  is  not  a  natural  product  of  the  body,  but  is 
introduced  from  without  with  the  food.  Matthew  Hay,  however,  finds  it  to  be  invariably  present 
in  the  small  intestine  of  the  fcEtus.] 

[Effect  of  Drugs. — The  subcutaneous  injection  of  pilocarpin  causes  the  mucous  membrane  of 
a  Vella's  fistula  to  be  congested,  when  a  strongly  alkaline,  opalescent,  watery,  and  slightlj'  albu- 
minous secretion  is  obtained.  This  secretion  produces  a  reducing  sugar,  converts  cane-sugar 
into  invert-sugar,  emulsifies  neutral  fats,  ultimately  splittiug  them  up,  peptonises  proteids,  and 
coagulates  milk,  even  although  the  milk  be  alkaline.  The  jaice  attacks  the  sarcous  substance 
of  muscle  before  the  connective-tissues — the  revei'se  of  the  gastric-juice.  The  mucous  mem- 
brane in  a  Vella's  fistula  does  not  atrophy.  K.  B.  Lehmann  finds  that  the  succus  entericus 
obtained  from  the  intestine  of  a  goat  by  a  Vella  fistula  has  no  digestive  action.] 

The  Action  of  Nerves  on  the  secretion  of  the  intestinal  juice  is  not  well  determined.  Section 
or  stimulation  of  the  vagi  has  no  apparent  effect  ;  while  extirpation  of  the  large  sympathetic 
abdominal  ganglia  causes  the  intestinal  canal  to  be  filled  with  a  watery  fluid,  and  gives  rise  to 
diarrhcea.  This  may  be  explained  by  the  paralysis  of  the  vaso-motor  nerves,  and  also  by  the 
section  of  large  lymphatic  vessels  during  the  operation,  whereby  absorption  is  interfered  Avith 
and  transudation  is  favoured.  Moreau's  Experiment. — Moreau  placed  four  ligatures  on  a  loop 
of  intestine  at  equal  distances  from  each  other  (fig.  202).  The  ligatures  were  tied  so  that  three 
loops  . of  intestine  were  shut  off.  The  nerves  (N)  to  the  middle  loop  were  divided,  and  the 
intestine  was  replaced  in  the  abdominal  cavity.  After  a  time,  a  very  small  amount  of  secretion, 
or  none  at  all,  was  found  in  two  of  the  ligatured  compartments  of  the  gut,  ?.<•,,  in  tliosc  with 
the  nerves  and  blood-vessels  intact  (1,  3),  but  the  compartment  (2)  whose  nerves  had  been 


FERMENTATION  IN  THE  INTESTINE, 


279 


divided  contained  a  watery  secretion.  _  Perhaps  the  secretion  which  occurs  after  section  of  the 
mesenteric  nerves  is  a  paralytic  secretion.  The  secretion  of  the  intestinal  and  gastric  juices  is 
diminished  in  man  iu  certain  nervous  aflectious  (hysteria,  hypo- 
chondriasis, and  various  cerebral  diseases) ;  while  iu  other  condi- 
tions these  secretions  are  increased. 

Excretion  of  Drags. — If  an  isolated  intestinal  fistula  be  made, 
and  various  drugs  administered,  the  mucous  membrane  excretes 
iodine,  bromine,  lithium,  sulphocyanides,  but  not  potassium  ferro- 
cyanide,  arsenious  or  boracic  acid,  or  iron  salts. 

In  sucklings,  not  unfrequently  a  large  amount  of  acid  is  formed, 
when  the  fungi  in  the  intestine  split  up  milk-sugar  or  grape-sugar 
into  lactic  acid  (Lcube).  Starch  changed  into  grape-sugar  may 
undergo  the  same  abnormal  process ;  hence,  infants  ought  not  to 
be  fed  with  starchy  food. 

[Fate  of  the  Ferments.— Langley  is  of  opinion  that  the  digestive  Scheme  of  Moreau  s  experi- 
fcrments  are  destroyed  in  the  intestinal  canal ;  the  diastatic  fer-  ment  {Stirling). 
liient  of  saliva  is  destroyed  by  the  free  HCl  of  the  gastric  juice  ;  pepsin  and  rennet  are  acted 
upon  by  the  alkaline  salts  of  the  pancreatic  and  intestinal  juices,  and  by  trypsin  ;  while  the 
diastatic  and  peptic  ferments  of  the  pancreas  disappear  under  the  influence  of  the  acid  fermenta- 
tion in  the  large  intestine.] 

184.  FERMENTATION  IN  THE  INTESTINE.— Those  pmeesses,  which 
are  to  be  regarded  as  fermentations  or  putrefactive  processes,  are  quite  different  from 
those  caused  by  the  digestive  enzymes  or  ferments  just  considered.  The  putre- 
factive changes  are  connected  vrith  the  presence  of  lower  organisms,  so-called 
fermentation-  or  putrefaction-producers :  and  they  may  develop  in  suitable  media 
outside  the  body.  The  lowly  organisms  which  cause  the  intestinal  fermentation 
are  swallowed  with  the  food  and  drink,  and  also  with  the  saliva.  When  they 
are  introduced,  fermentation  and  putrefaction  begin,  and  gases  are  evolved. 

Intestinal  Gases. — During  the  whole  of  the  fcetal  period,  until  birth,  fermenta- 
tion cannot  occur  ;  hence  gases  are  never  present  in  the  intestine  of  the  newly-born. 
The  first  air-bubbles  pass  into  the  intestine  with  the  saliva  which  is  swallowed,  even 
before  food  has  been  taken.  The  germs  of  organisms  are  thus  introduced  into  the 
intestine,  and  give  rise  to  the  formation  of  gases.  The  evolution  of  intestinal 
gases  goes  hand-in-hand  with  the  fermentations.  Air  is  also  swallowed,  and  an 
exchange  of  gases  take  place  in  the  intestine,  so  that  the  composition  of  the  in- 
testinal gases  depends  upon  various  conditions.  Kolbe  and  Kuge  collected  the  gases 
from  the  anus  of  a  man,  and  found  in  100  vols.  : — 


Food. 

CO2. 

H. 

CH4. 

N. 

HjS. 

Milk, 
Flesh, 
Peas, 

16-8 
12-4 
21-0 

43 -3 
2-1 
4-0 

0-9 
27-5 
55-9 

38-3 
57-8 
18-9 

Quantity  not 
estimated. 

mtestmal  tract,  so  that  in  the  lower  part  of  the  large  intestine,  even  traces 
of  O  are  absent.  In  exchange,  the  blood-vessels  in  the  intestinal  wall  give  off  COo 
into  the  mtestine,  so  that  part  of  the  COg  in  the  intestine  is  derived  by  diffusion 
from  the  blood. 

2.  H,  COg.NHg,  and  CH^  are  also  formed  from  the  intestinal  contents  by 
fermentation,  which  takes  place  even  in  the  small  intestine. 

dpfn'J^S^i;;?'®  "^^""^  production  of  fermentations,  putrefaction,  and  other  similar 

PPllnkf^.?,  •  ''''  undoubtedly  the  group  of  fungi  called  schizomycetes.  They  are  small  uni- 
WUita  ^  ™'il''''^'°''^t°':"'~f''^°^^^'^^^  micrococcus;  short  rods,  bacterium;  long  rods, 
is  hv  IfJi  JL''"'"''  spirochssta  (fig.  23).    The  mode  of  rqn-oduction 

mnn^ll™  w     f        "^""^  t°         colonies.    Each  organism  is 

fluS  n,  ■    T^-ifSree  of  motion.    They  produce  profound  chemical  changes  in  the 

aStv  o^t  Pir^r^f  1^  they  grow  and  multiply,  and  these  changes  depend  upon"  the  vital 
from  '^utrirW  ^^-'t  I?"""??  microscopic  organisms  take  certain  constituents 
trom  the    nutrient  flmds    m  which  they  live,  and  use  them  partly  for  building  up  their  own 
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tissues  and  partly  for  their  own  metabolism.  In  these  processes,  some  of  the  substances  so 
absorbed  and  assimilated  undergo  chemical  changes,  some  ferments  seem  thereby  to  be  produced, 
which  in  their  turn  may  act  upon  material  present  in  the  nutritive  fluid. 

These  fungi  consist  of  a  capsule  enclosing  protoplasmic  contents.  Many  of  them  are  provided 
with  excessively  delicate  cilia,  by  means  of  which  tliey  move  about.  The  new  organisms, 
produced  by  the  division  of  pre-existing  ones,  sometimes  form  large  colonies  visible  to  the  naked 
oyc,  the  individual  fungi  being  united  by  a  jelly-like  mass,  the  whole  constituting  zoogloea. 
In  some  fungi,  reproduction  takes  place  by  spores  ;  more  especially  when  the  nutrient  iluids  are 
poor  in  nutritive  materials.  The  bacteria  form  longer  rods  or  threads,  which  are  jointed,  and 
in  each  joint  or  segment  small  (1-2  fx)  highly  refractive  globules  or  spores  are  developed  (fig. 
203,  7).  In  some  cases,  as  in  the  butyric  acid  fermentation,  the  rods  become  fusiform  before 
spores  arc  formed.  "When  the  envelope  of  the  mother-cell  is  ruptured  or  destroyed,  the  spores 
are  liberated,  and  if  they  fall  upon  or  into  a  suitable  medium,  they  germinate  and  reproduce 
organisms  similar  to  those  from  which  they  sprang.  The  process  of  spore-production  is 
illustrated  in  fig.  203,  7,  8,  9,  and  in  1,  2,  3,  4  is  shown  the  process  of  germination  in  the 
butyi-ic  acid  fungus.  The  spores  are  very  tenacious  of  life  ;  they  may  be  dried,  when  they 
resist  death  for  a  very  long  time  ;  some  of  them  are  killed  by  being  boiled.  Some  fungi  exhibit 
their  vital  activities  only  in  the  presence  of  0  (sBrobes),  while  others  require  the  exclusion  of  0 
(anserobes,  Pasteur).  According  to  the  products  of  their  action,  they  are  classified  as  follows  :— 
Those  that  produce  fermentations  (zymogenic  schizomycetes)  ;  those  that  produce  fignunls 
(chromogenic) ;  those  that  produce  disagreeable  odoiws,  as  during  putrefaction  (bromogenic) ; 

and  tliose  that,  when  introduced 
into  the  living  tissues  of  other 
organisms,  produce  ^)ai7wZo(/icaZ 
conditions,  and  even  death 
(pathogenic).  All  these  dif- 
ferent kinds  occur  in  the  human 
body. 

"When  we  consider  that  num- 
erous fungi  are  introduced  into 
the  intestinal  canal  with  the 
food  and  drink — that  the  tem- 
perature and  other  conditions 
within  this  tube  are  specially 
favourable  for  their  develop- 
ment; that  there  also  they  meet 
with  suflBcient  pabulum  for 
their  development  and  repro- 
duction— we  cannot  wonder 
that  a  rich  crop  of  these  organ- 
isms is  met  with  in  the  intes- 
tine, and  that  they  iiroduee 
there  numerous  fermentations. 

I.  rermentation  of  Car- 


A,  Bacterium  aceti  in 


1  2 

o  o 

Fig.  203. 

the  form  of- 


short  rods  (3) ;  and  jointed  threads  (4, 


-cocci  (1) ;  diplococci  (2) ; 
s  (4,  5).  Bacillus  Miiyricus 
-(1)  isolated  spore  ;  (2,  3,  4)  germinating  condition  of  the  bohydrates.  —  (1)  Bacil- 
spores  ;  (5,  6)  short  and  long  rods  ;  (7,  8,  9)  formation  of  j^^g  acidi  lactici  consists  of 
spores  within  a  cellular  fungus,  biscuit-shaped  ceUs,  1  -5-3  fi 

in  length,  arranged  in  groups  or  isolated.    They  split  up  grape-sugar  into  lactic 

acid ;  .      . , 

1  grape-sugar  =  C^'S^^q  =  2(C3H603)  =  2  lactic  acid. 

Milk-sugar  (CiaHaPn)  can  be  split  up  by  the  same  ferment  causing  it  to  take  up 
Hp,  and  forming  2  molecules  of  grape-sugar,  2(C6Hi206),  which  are  again  spUfc 
into  4  molecules  of  lactic  acid  4(C3Hg03). 

This  fungus  and  its  spores  occur  evei^where  in  the  atmosphere,  and  are  the  cause  of  the  spon- 
taneous acidification  and  subsequent  coagulation  of  milk  (§  230). 

(2)  Bacillus  butyricus,  which  in  the  presence  of  starch  is  often  coloured  blue 
by  iodine,  changes  lactic  acid  into  butyric  acid,  together  with  COo  and  H  {Praz- 
mowski). 


2(C3H603)  lactic  acid  = 


C4Hs03  =  l  butyric  acid. 
2(000)  =  2  carbon  dioxide. 
4H  =  4  hydrogen. 
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This  fungus  (fig.  203,  B)  is  a  trae  antBrobe,  and  grows  only  in  the  absence  of  0.  The  lactic  acid 
fungus  uses  0  very  largely,  and  is,  therefore,  its  natural  precursor.  The  butyric  acid  fermenta- 
tion is  the  last  change  undergone  by  many  carbohydrates,  especially  by  starch  and  inulin.  It 
takes  place  constantly  in  the  feces. 

(3)  Certain  micrococci  cause  alcohol  to  be  formed  from  carbohydrates.  The 
presence  of  yeast  may  cause  the  formation  of  alcohol  in  the  intestine,  and  in  both 
cases  also  from  milk-sugar,  which  first  becomes  changed  into  dextrose. 

(4)  Bacterium  aceti  (fig.  203,  A)  converts  alcohol  into  acetic  acid  outside  the  body.  Alcohol 
(C^HgO)  +  0  =  C2H4O  (Aldehyd)  +  H2O.  Acetic  acid  (C2H4O2)  is  formed  from  aldehyd  by  oxida- 
tion. According  to  Nageli,  the  same  fungus  causes  the  formation!of  a  small  amount  of  COo  and 
HoO.  As  the  acetic  fermentation  is  arrested  at  35°  C.  this  fermentation  cannot  occur  in  the 
intestine,  and  the  acetic  acid,  which  is  constantly  found  in  the  fteces,  must  be  derived  from 
another  source.  During  putrefaction  of  the  proteids,  with  exclusion  of  air,  acetic  acid  is 
produced  {NencM). 

(5)  Starch  and  cellulose  are  partly  dissolved  by  the  schizomycetes  (Bac.  butyricus 
and  Vibrio  rugula)  of  the  intestine.  If  cellulose  be  mixed  with  cloacal-mucus, 
or  with  the  contents  of  the  intestine,  it  passes  into  a  saccharine  carbohydrate  which 
decomposes  into  equal  volumes  of  COg  and  CH^  (IToppe-Se^lei-). 

(6)  Fungi,  whose  nature  is  unknown,  can  partly  transform  starch  (1  and 
cellulose)  into  sugar. 

(7)  Others  produce  invertin.    Invertin  changes  cane-sugar  into  invert-sugar 
(§  183,  II.,  5).     Cane-sugar,  G^^K^^^^^  +  B.^O  =  CqE^^Oq  (Dextrose) 
(Lasvulose). 

II.  Fermentation  of  Fats  (§  251). — During  putrefaction,  organisms  of  an 
unknown  nature  cause  neutral  fats  to  take  up  water  and  split  into  glycerine  and 
their  corresponding  f\        ^  |6\ 

) 


+  CgH;^20B 


0 

2 


3  4 


10 


fatty  acid  (§  170) 
Glycerine  is  cap- 
able of  undergoing  Q 
several  fermenta- 
tions, according  to  J, 
the  fungus  which 
acts  upon  it  (§251). 
With  a  neutral  re- 
action, in  addition 

to  succinic  acid,  a  -pig  204 

number  of  ^^^y  j^^^^n^  suUilis,  1,  spore  ;  2,  3,  4,  its  germination  ;  5,  6,  short  rods  ; 
acids,  a.  and  CCg,  7,  jointed  thread,  with  the  formation  of  spores  in  each  segment ;  8, 
are  formed.  short  rods,  some  of  them  containing  spores  ;  9,  spores  in  single  short 

Fitz  found  that  the  5  1°  fungus  with  a  cilinm. 

hay-iacillus  (Bacillus  subtilis,  fig.  204)  formed  alcohol  with  caproic,  butyric,  and  acetic  acids  ; 
in  other  cases,  especially  butylic  alcohol,  van  de  Velde  found  butyric,  lactic,  and  traces  of  suc- 
cinic acid  with  C0„,  HoO,  N. 

The  fatty  acids,  especially  as  chalk  soaps,  form  an  excellent  material  for 
fermentation.    Calcium  formiate  mixed  with  cloacal-mucus  ferments  and  yields 

calcium  acetate,  under  the  same  conditions. 


oxy-acids,  we  are 
tartaric,  and  citric 


calcium  carbonate,  COg  and  H; 

produces  calcium  carbonate,  CO2  and  CH^.  Amongst  the 
acquainted  with  the  fermentations  of  lactic,  glycerinic,  malic, 
acids. 

According  to  Fitz,  lactic  acid  (in  combination  with  chalk)  produces  propionic  and  acetic 
acids,  CO2,  HjO.  Other  ferments  cause  the  formation  of  valerianic  acid.  Glycerinic  acid,  in 
addition  to  alcohol  and  succinic  acid,  yields  chiefly  acetic  acid  ;  vialic  acid  forms  succinic  and 
acetic  acid.    The  other  acids  above  enumerated  yield  somewhat  similar  products. 

III.  Fermentation  of  Proteids  (§  249).— The  undigested  proteids  and  their 
derivatives  appear  to  be  acted  upon  by  fungi.  Many  schizomycetes  (hay  bacillus 
and  Bac.  subtilis),  however,  can  produce  a  peptonising  ferment.    We  have  already 
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seen  that  pancreatic  digestion  acts  upon  the  proteids,  forming,  among  other 
products,  amido-acids,  leucin,  tyrosin,  and  other  bodies  (§  170,  II.).  Under  normal 
conditions,  this  is  the  greatest  decomposition  produced  by  the  pancreatic  juice. 
The  putrefactive  fermentation  of  the  large  intestine  causes  further  and  more 
profound  decompositions.  Leucin  (C^jHigNOg)  takes  up  two  molecules  of  water 
and  yields  valerianic  acid  (Ci;Hio02),  ammonia,  CO^  and  2(H2) ;  glycin  behaves 
in  a  similar  manner.  Tyrosin  (CgHjiNOg)  is  decomposed  into  indol  (CgH^N), 
which  is  constantly  present  in  thg  intestine  along  with  COajI-IgO,!!.  If  O  be 
present,  other  decompositions  take  place.  These  putrefactive  products  are  absent 
from  the  intestinal  canal  of  the  foetus  and  the  newly-born.  During  the  putre- 
factive decomposition  of  proteids,  CO^,  HgS,  H,  and  CH^,  are  formed ;  the  same 
result  is  obtained  by  boiling  them  with  alkalies.  Gelatin,  under  the  same  con- 
ditions, yields  much  leucin  and  ammonia,  CO2,  acetic,  butyric,  and  valerianic 
acids,  and  glycin.  Mucin  and  nuclein  undergo  no  change.  Artificial  pancreatic 
digestion-experiments  rapidly  tend  to  undergo  putrefaction. 

The  substance  which  causes  the  peculiar  fsBcal  odour  is  produced  by  putrefaction,  but  its 
nature  is  not  known.  It  clings  so  firmly  to  indol  and  skatol  that  these  substances  were 
formerly  regarded  as  the  odorous  bodies,  but  when  they  are  prepared  pure  they  are  odourless 
( Bayer). 

Amongst  the  solid  substances  in  the  large  intestine  formed  onli/  hy  putrefaction 
is  indol  (CgH^N),  a  substance  whicli  is  also  formed  when  proteids  are  heated  with 
alkalies,  or  by  superheating  them  with  water  to  200°  C.  It  is  the  stage  preceding 
the  indican  in  the  urine.  If  the  products  of  the  digestion  of  the  proteids — the 
peptones — are  rapidly  absorbed,  there  is  only  a  slight  formation  of  indol;  but 
when  absorption  is  slight,  and  putrefaction  of  the  products  of  pancreatic  digestion 
occurs,  much  indol  is  formed,  and  indican  appears  in  the  urine. 

JafFe  found  much  indican  in  the  urine  in  strangulated  hernia,  and  when  the  small  intestine 
was  obstructed. 

Eeactions  for  Indol. — Acidulate  strongly  with  HCl,  and  shake  vigorously  after  adding  a  few 
drops  of  turpentine.  If  there  be  an  intense  red  colour,  the  pigment  is  removed  by  ether. 
The  substance  which  is  formed  after  the  digestion  of  fibrin  by  trypsin,  and  which  gives  a  violet 
colour  with  bromine  water  (§  170,  2),  can  be  removed  by  chloroform.  In  addition  to  the  last 
pigment,  there  is  a  second  one,  which  passes  over  during  distillation,  and  which  can  be  extracted 
from  the  distillate  by  ether.    Both  substances  seem  to  belong  to  the  indigo  group  {Krukcnhcrg). 

A.  Bayer  prepared  indigo-blue  artificially  from  ortho-phenyl-propionic  acid,  by  boiling  it 
with  dilute  caustic  soda,  after  the  addition  of  a  little  grape-sugar.  He  obtained  indol  and 
skatol  from  indigo-blue.  Hoppe-Seyler  found  that  on  feeding  rabbits  with  ortho-nitrophenyl- 
propionic  acid,  much  indican  was  present  in  the  urine.  . 

Phenol  (CgHgO)  is  formed  during  putrefaction  in  the  intestine,  and  it  is  also 
formed  when  fibrin  and  pancreatic  juice  putrefy  outside  the  body,  while  Brieger 
found  it  constantly  in  the  faeces.  It  seems  to  be  increased  by  the  same  circum- 
stances that  increase  indol,  as  an  excess  of  indican  in  the  urine  is  accompanied  by 
an  increase  of  phenylsulphonic  acid  in  that  fluid  (§  262). 

From  putrefying  flesh  and  fibrin,  amido-phenylpropionic  acid  is  obtained,  as  a  decomposition- 
product  of  tryrosin.  A  part  of  this  is  transformed  by  putrefactive  ferments  into  hydrocinnamic 
acid  (phenylpropionic  acid).  The  latter  is  completely  oxidised  iu  the  body  into  benzoic  acid, 
and  appears  as  hippuric  acid  in  the  urine.  Thus  is  explained  the  formation  of  hippuric  acid 
from  a  purely  albuminous  diet. 

Skatol  (CgHgN  =  methylindol)  is  a  constant  human  faecal  substance,  and  has 
been  prepared  artificially  by  Nencki  and  Secretan  from  egg-albumin,  by  allowing 
it  to  putrefy  for  a  long  time  under  water.  It  also  appears  in  the  urine  as  & 
sulphur  compound.  The  excretin  of  human  faeces,  described  by  Marcet,  is 
related  to  cholesterin,  but  its  history  and  constitution  are  unknown. 

According  to  Salkowski,  skatol  and  indol  are  both  formed  from  a  common  substance  which 
exists  prefo°nied  in  albumin,  and  which,  when  it  is  decomposed,  at  one  time  yields  more  indol, 
at  another  skatol,  according  as  the  hypothetical  "  indol-fiingus,"  or  "  skaiol-fungits,  is  tlie 
more  abundant. 
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It  is  of  the  utmost  importance,  in  connection  with  the  processes  of  putrefaction, 
to  determine  whether  they  talce  place  when  oxygen  is  excluded,  or  not.  "When  O 
is  absent,  reductions  take  place ;  oxy-acids  are  reduced  to  fatty  acids,  and  H,CH^ 
and  H„S  are  formed ;  while  the  H  may  produce  further  reductions.  If  O  be 
present,  the  nascent  H  separates  the  molecule  of  free  ordinary  oxygen  ( =  O,)  into 
two  atoms  of  active  oxygen  ( =  O).  Water  is  formed  on  the  one  hand,  while  the 
second  atom  of  O  is  a  powerful  oxidising  agent  {Hopjje-Seyler). 

It  is  remarkable  that  the  iDutrefactive  processes,  after  the  develoi3ment  of  phenol,  iiidol, 
skatol,  cresol,  phenylpropionic  and  pheuylacetic  acids  are  subsequently  limited,  and  after  a 
certain  concentration  is  reached,  they  cease  altogether.  The  putrefactive  process  produces 
antiseptic  substances  wliicli  kill  the  micro-organisms,  so  we  may  assume  that  these  substances 
limit  to  a  certain  extent  thQ  putrefactive  processes  in  the  intestine. 

The  reaction  of  the  intestine  immediately  below  the  stomach  is  acid,  but  the 
i:)ancreatic  and  intestinal  j  uices  cause  a  neutral  and  afterwards  an  alkaline  reaction, 
which  obtains  along  the  whole  small  intestine.  In  the  large  intestine,  the  reaction 
is  generally  acid,  on  account  of  the  acid  fermentation  and  the  decomposition  of 
the  ingesta  and  the  fceces. 

185.  PROCESSES  IN  THE  LARGE  INTESTINE.— Within  the  large  in- 
testine, the  fermentative  and  putrefactive  processes  are  certainly  more  prominent 
than  the  digestive  processes  proper,  as  only  a  very  small  amount  of  the  intestinal 
juice  is  found  in  it.  The  absorptive  function  of  the  large  intestine  is  greater  than 
its  secretory  function,  for  at  the  beginning  of  the  colon  its  contents  are  thin  and 
watery,  but  in  the  further  course  of  the  intestine  they  become  more  solid.  Water  and 
the  products  of  digestion  in  the  solution  are  not  the  only  substances  absorbed,  but 
under  certain  circumstances,  unchanged  fluid  egg-albumin,  milk  and  its  proteids, 
flesh-juice,  solution  of  gelatin,  myosin  with  common  salt,  may  also  be  absorbed. 
Experiments  with  acid-albumin,  syntonin,  or  blood-serum  gave  no  result.  Toxic 
substances  are  certainly  absorbed  more  rapidly  than  from  the  stomach.  [In  the 
dog  the  secretion  of  the  large  intestine  has  no  digestive  properties,  but  fats  are 
absorbed  in  it.  Klug  and  Koreck  regard  its  Lieberkiihnian  glands  not  as  secreting- 
but  as  absorbing-structures.]  The  faecal  matters  are  formed  or  rather  shaped  in 
the  lower  part  of  the  gut.  The  caecum  of  many  animals,  e.g.,  rabbit,  is  of  consider- 
able size,  and  in  it  fermentation  seems  to  occur  with  considerable  energy,  giving 
rise  to  an  acid-reaction.  In  man,  the  chief  function  of  the  caecum  is  absorption, 
as  is  shown  by  the  great  number  of  lymphatics  in  its  walls.  From  the  lower  part 
of  the  small  intestine  and  the  caecum  onwards,  the  ingesta  assume  the  faecal  odour. 

The  amount  of  faeces  is  about  [5  oz.  or]  170  grms.  (60  to  2-50  grms.)  in  twenty- 
four  hours;  but  if  much  indigestible  food  be  taken,  it  may  be  as  much  as 
500  grms.  The  amount  is  less,  and  the  absolute  amount  of  solids  is  less,  after 
a  diet  of  flesh  and  albumin,  than  after  a  vegetable  diet.  The  faeces. are  rendered 
lighter  by  the  evolution  of  gases,  and  hence  they  float  in  water. 

The  consistence  depends  on  the  amount  of  water  present — usually  about  75  per 
cent.^  The  amount  of  water  depends  partly  on  the  food — pure  flesh  diet  causes 
relatively  dry  faeces,  while  substances  rich  in  sugar  yield  fajces  with  a  relatively 
large  amount  of  water.  The  quantity  of  water  taken  has  no  effect  upon  the  amount 
of  water  m  the  fjBces.  But  the  energy  of  the  peristalsis  has.  The  more  energetic  the 
peristalsis  is,  the  more  watery  the  fasces  are,  because  sufficient  time  is  not  allowed 
for  absorption  of  the  fluid  from  the  ingesta.  Paralysis  of  the  blood-  and  lymph- 
vessels,  or  section  of  the  nerves,  leads  to  a  watery  condition  of  the  faeces  (§  183). 

The  reaction  is  often  acid,  in  consequence  of  lactic  acid  being  developed  from  the 
carbohydrates  of  the  food.  Numerous  other  acids  produced  by  putrefaction  are 
also  present  (§  184).  If  much  ammonia  be  formed  in  the  lower  part  of  the  intestine, 
a  neutral  or  even  alkaline  reaction  may  obtain.  A  copious  secretion  of  mucus 
favours  the  occurrence  of  a  neutral  reaction. 
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The  odour,  which  is  stronger  after  a  flesh  diet  than  after  a  vegetable  diet,  is 
caused  by  some  fascal  products  of  putrefaction,  which  have  not  yet  been  isolated  ; 
also  by  volatile  fatty  acids  and  by  sulphuretted  hydrogen,  when  it  is  present. 

The  colour  of  the  fiuces  depends  upon  the  amount  of  altered  bile-pigments 
mixed  with  them,  whereby  a  bright  yellow  to  a  dark  brown  colour  is  obtained. 

The  colour  of  the  food  is  also  of  importance.  If  much  blood  be  present  in  the  food,  the 
fiieces  are  almost  brownish-black  from  hceniatin  ;  green  vegetables  =  brownish-green  from 
chlorophyll  ;  bones  {dog)  =  white  from  the  amount  of  lime  ;  preparations  of  iron  =  black  from 
the  formation  of  sulphide  of  iron. 

The  faeces  contain — 

(1)  The  unchanged  residue  of  animal  or  vegetable  tissues  used  as  food ;  hairs, 
horny  and  elastic  tissues ;  most  of  the  cellulose,  woody  fibres,  spiral  vessels  of 
vegetable  cells,  gums. 

(2)  Portions  of  digestible  substances,  especially  when  these  have  been  taken  in 
too  large  amount,  or  when  they  have  not  been  sufficiently  broken  up  by  chewing. 
Portions  of  muscular  fibres,  ham,  tendon,  cartilage,  particles  of  fat,  coagulated 
albumin — vegetable  cells  from  potatoes,  and  other  vegetables,  raw  starch,  <fec. 

All  food  yields  a  certain  amount  of  residue — white  bi'ead,  3 "7  per  cent.;  rice,  4'1  per  cent.  ; 
flesh,  4-7  per  cent. ;  potatoes,  9-4  per  cent. ;  cabbage,  14'9  per  cent. ;  black  bread,  15  per  cent. ; 
yellow  turnip,  20  7  per  cent.  (Eubner), 

(3)  The  decomposition-products  of  the  bile-pigments,  which  do  not  now  give 
Gmelin's  reaction;  as  well  as  the  altered  bile-acids  (§  177,  2).  This  reaction, 
however,  may  be  obtained  in  pathological  stools,  especially  in  those  of  a  green 
colour;  unaltered  bilirubin,  biliverdin,  glycocholic  and  taurocholic  acids  occur 
in  meconium  (§  182). 

[MacMunn  found  no  unchanged  bile-pigments  in  the  faaces.  A  substance  called  Btercobilin  is 
obtained  from  the  faeces,  and  it  closely  resembles  what  has  been  called  "  febrile"  urobilin,  but 
it  is  certainly  different  from  normal  urobilin.] 

(4)  Unchanged  mucin  and  nuclein — the  latter  occasionally  after  a  diet  of  bread, 
together  with  partially  disintegrated  cylindrical  epithelium  from  the  intestinal 
canal,  and  occasionally  drops  of  oil.  Cholesterin  is  very  rare.  [Ten  gi-ains  of  a 
substance,  stercorin,  said  to  be  a  modification  of  cholesterin,  occur  in  the  faeces, 
(Flint).]  The  less  the  mucus  is  mixed  with  the  faeces,  the  lower  the  part  of  the 
intestine  from  which  it  was  derived  (N'othnagel). 

(5)  After  a  milk  diet,  and  also  after  a  fatty  diet,  crystalline  needles  of  lime  com- 
bined with  fatty  acids  and  chalk  soaps  constantly  occur,  even  in  sucklings  ( Weg- 
scheider).  Even  unchanged  masses  of  casein  and  fat  occur  during  the  milk  cure. 
Compounds  of  ammonia,  with  the  acids  mentioned  as  the  result  of  putrefaction 
(§184,  TIL),  belong  to  the  faecal  matters  (Brieger). 

(6)  Amongst  inorganic  residues,  soluble  salts  rarely  occur  in  the  faeces  because 
they  diffuse  readily,  e.g.,  common  salt,  and  the  other  alkaline  chlorides,  the  compounds 
of  phosphoric  acid,  and  some  of  those  of  sulphuric  acid.  The  insoluble  compounds 
of  which  ammoniaco-magnesic  or  triple  phosphate,  neutral  calcic  phosphate,  yellow 
coloured  lime  salts,  calcium  carbonate,  and  magnesium  phosphate  are  the  chief, 
form  70  per  cent,  of  the  ash.  Some  of  these  insoluble  substances  are  derived  from 
the  food,  as  lime  from  bones,  and  in  part  they  are  excreted  after  the  food  has  been 
digested,  as  ashes  are  eliminated  from  food  which  has  been  burned. 

Concretions.— The  excretion  of  inorganic  substances  is  sometimes  so  great,  that  they  fonn 
incrustations  around  other  ftecal  matters.  Usually  ammoniaco-magnesic  phosphate  occurs  m 
large  crystals  by  itself,  or  it  may  be  mixed  with  magnesium  phosphate. 

(7)  Micro-organisms. — A  considerable  portion  of  normal  fffical  matter  consists 

of  micrococci  and  microbacteria,  yeast  is  seldom  absent  (Frerichs,  Noilmagel). 

To  isolate  the  individual  fungi,  Escherich  lias  made  pure  cultivations  from  the  intestinal 
contents  of  sucklings,  and  Bienstock  from  adults.  In  the  intestine  of  sucklings  which 
have  been  nourished  entirely  on  their  mother's  milk,  the  Bactcrinvv  ladis  aerogcncs  (hg.  205,  J.) 
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causes  the  lactic  acid  fermentation  with  the  evolution  of  COg  and  H,  in  the  upper  part  of 
the  canal  where  some  milk-sugar  is  still  unabsorbed.  In  the  evacuations  is  the  characteristic 
slendev  Bacterium  coU  comnnmc  (fig.  205,  1).  In  addition,  occasionally  there  are  other  bacilli, 
cocci,  spores  of  yeast,  and  a  mould. 
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Fig.  205. 


1,  Bacterium  coli  commune  ;  2,  bacterium  lactis  aerogenes  ;  3  and  4,  the  large  bacilli  of 
Bienstock,  with  partial  endogenous  spore-formation  ;  5,  the  various  stages  in  the  develop- 
ment of  the  bacillus  which  causes  the  fermentation  of  albumin. 

In  the  fseces  of  an  adult,  Bienstock  detected  two  large  forms  of  bacilli  (fig.  205,  3,  4),  closely 
resembling  Bacillus  subtilis  in  form  and  size,  but  distinguished  from  it  only  by  the  form  of 
its  pure  cultivation,  by  the  mode  of  growth  of  its  spores,  and  by  the  absence  of  movements. 
These  two  forms  can  be  distinguished  microscopically  by  the  mode  of  their  cultivation,  which 
is  either  in  the  form  of  a  grape  or  a  flat  membrane.  These  two  do  not  excite  a  fermentative 
action.  A  third  micrococcus-like,  small,  very  slowly-developing  bacillus  occurs  in  three-fourths 
of  all  stools.  A  fourth  kind  (absent  in  sucklings)  is  the  specific  bacUlus  (§184,  III.),  causing 
the  decomposition  of  albumin,  resulting  in  the  products  of  putrefaction  and  a  ffecal  odour. 
This  is  the  only  bacillus  that  excites  these  processes  in  the  intestine  ;  but  it  does  not  decompose 
casein  and  alkali-albumin.  In  fig.  205,  5,  a^g,  the  stages  in  the  development  of  this  bacillus 
are  represented,  but  the  stages  from  c  and  g  are  absent  in  the  fteces,  and  are  found  only  in 
artificial  cultivations. 

If  the  fceces  are  simply  investigated  microscopically  and  without  special  precautions,  there 
are  other  fungi,  some  of  which  may  be  introduced  through  the  anus.  In  stools  that  contain 
much  starch,  the  baciUus  butyricus,  which  is  tinged  blue  with  iodine,  occurs  (§  184),  and  other 
small  globular  or  rod-like  fungi,  which  give  a  similar  reaction  {Nothnagel,  Uffelmann). 

The  changes  of  the  intestinal  contents  have  been  studied  on  persons  with  an  accidental 
intestinal  fistula,  or  an  artificial  anus. 

[The  following  scheme  from  Krukenberg  shows  graphically  the  reaction  of  the  contents  of  the 
various  parts  of  the  alimentary  canal,  and  also  the  distribution  of  the  ferments.] 
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 '  /imy/o/yf/c  ferment  jgg_  PATHOLOGICAL  VAELATIONS.  — A.  The 

 Milk  coagulating  ferment  taking  of  food  may  be  interfered  with  by  spasm  of  the 

 /"eps/n  muscles  of  mastication  (usually  accompanied  by  general 

 Trypsin  spasms),  strictru-e  of  the  CBSophagus,  by  cicatrices  after 

 Bacteria  swallowing  caustic  fluids  (e.g.,  caustic  potash,  mineral 

acids),  or  by  the  presence  of  a  tumour,  such  as  cancer. 
Inflammation  of  all  kinds  in  the  mouth  or  pharynx  interferes  with  the  taking  of  food.  Inability 
to  swallow  occurs  as  part  of  the  general  phenomena  in  disease  of  the  medulla  oblongata,  in  con- 
sequence of  paralysis  of  the  motor  centre  (superior  olives)  for  the  facial,  vagus,  and  hypoglossal 
nerves,  and  also  for  the  afferent  or  sensory  fibres  of  the  glosso-pharyngeal,  vagus,  and  trigeminus. 
Stimulation  or  abnormal  excitation  of  these  parts  causes  spasmodic  swallowing,  and  the  disagree- 
able feehng  of  a  constariction  in  the  neck  (globus  hystericus). 

•  The  secretion  of  saliva  is  diminished  during  inflammation  of  the  salivary  glands ;  occlu- 
sion of  their  ducts  by  concretions  (salivary  calculi) ;  also  by  the  use  of  atropin,  daturin,  and 
auring  fever,  whereby  the  secretory  (not  the  vaso-motor)  fibres  of  the  chorda  appear  to  be 
paralysed  (§  145).  When  the  fever  is  very  high,  no  saliva  is  secreted.  The  saliva  secreted 
Ouring  moderate  fever  is  turbid  and  thick,  and  usually  acid.  As  the  fever  increases,  the  dia- 
static  action  of  the  saliva  diminishes.    Tlie  secretion  is  increased  by  stimulation  of  the  buccal 
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nerves  (iuiliimmation,  uleuration,  trigoiniual  neuralgia),  so  that  the  saliva  is  secreted  in  gi-eat 
quantity.  Mercury  aud  jaborandi  cause  secretion  of  saliva,  the  former  causing  stomatitis,  which 
excites  the  secretion  of  saliva  rollexly.  Even  diseases  of  the  stomach  accompanied  by  vomiting 
cause  secretion  of  saliva.  A  very  thick  tenacious  sympathetic  saliva  occurs  when  there  is  vio- 
lent stimulation  of  the  vascular  system  during  sexual  excitement,  and  also  during  certain 
psychical  conditions.  The  reaction  of  the  saliva  is  acid  in  catarrh  of  the  mouth,  in  fever  iu 
consequence  of  decomposition  of  the  buccal  epithelium,  and  in  diabetes  mellitus  in  consequence 
of  acid  fermentation  of  the  saliva  which  contains  sugar.  Hence,  diabetic  persons  often  .suffer 
from  carious  teeth.  Unless  the  mouth  of  au  infant  be  kept  scrupulously  clean,  the  saliva  is  apt 
to  become  acid. 

0.  Disturbances  in  the  activity  of  the  musculature  of  the  stomach  may  be  due  to  paralysis  of 
the  muscular  layers,  whereby  the  stomach  becomes  distended,  and  the  ingesta  remain  a  long 
time  in  it.  A  special  form  of  paralysis  of  the  stomach  is  due  to  non-closure  of  the  pylorus 
(Ebstcin).  This  may  be  due  to  disturbances  of  innervation  of  a  central  or  peripheral  nature, 
or  there  may  be  actual  paralysis  of  the  pyloric  sphincter,  or  anoethesia  of  the  pyloric  mucous 
membrane,  which  acts  reQcxly  upon  the  sphincter  muscle  ;  and  lastly,  it  may  be  due  to  the 
reflex  impulse  not  being  transferred  to  the  efferent  fibre  within  the  nerve-centre.  _  Abnormal 
activity  of  the  gastric  musculature  hastens  lihe  passage  of  the  ingesta  into  the  intestine  ;  vomit- 
ing often  occurs. 

D.  Gastric  digestion  is  delayed  by  violent  bodily  or  mental  exercise,  and  sometimes  it  is  arrested 
altogether.  Sudden  mental  excitement  may  have  the  same  effect.  These  efforts  are  very 
probably  caused  through  the  vaso-motor  nerves  of  the  stomach.  Feeble  and  imperf  ect  digestion 
may  be  of  a  purely  nervous  nature  (Dyspepsia  nervosa— iew&e  ;  Neurasthenia  gastrica— 
Burkarl).  An  excessive  formation  of  acid  may  be  due  to  nervous  disturbance,  and  is  called 
"  nervous  gastroxynsis,"  by  Rossbach.  n    •  r 

[Action  of  Alcohol,  Tea,  &c.,  in  Digestion. —According  to  J.  W.  Fraser,  all  infused 
beverages,  tea,  coffee,  cocoa,  retard  the  peptic  digestion  of  proteids,  with  few  exceptions.  The 
retarding  action  is  less  with  coffee  than  with  tea.  The  tannic  acid  and  volatile  oil  seem  to 
be  the  retarding  ingredients  in  teas.  Distilled  Spirits— brandy,  whisky,  gin— have  but  a 
triflini^  retarding  efiect  on  the  digestive  processes  ;  and  when  one  considers  their  action  on 
the  secretory  glands,  it  follows  that  in  moderate  dietetic  doses  they  promote  digestion.  \N  mes 
are  highly  inimical  to  salivary  digestion,  but  this  is  due  to  their  acidity  ;  and  this  effect  can 
be  removed  by  the  addition  of  an  alkali.  "Wines  retard  peptic  digestion,  the  sparkling  less 
than  the  still  wines.  Tea  has  an  intensely  inliibitory  action  on  salivary  digestion,  in  iact  a 
small  quantity  paralyses  the  action  of  saliva,  while  coffee  has  only  a  slight  effect,  ihis 
action  of  tea  is  due  to  the  tannin.  Tea,  coffee,  and  cocoa  all  retard  peptic  digestion,  when  they 
form  20  per  cent,  of  the  digestive  mixture  ( W .  Roherts).']  ,       .         j  r 

Inflammatory  or  catarrlial  affections  of  the  stomach,  as  well  as  ulceration  and  new  torma- 
tions,  interfere  with  digestion,  and  the  same  result  is  caused  by  eating  too  much  food  which  is 
difficult  of  digestion,  or  taking  too  much  highly  spiced  sauce  or  alcohol.  In  the  case  ot  a  dog 
suffering.  froS  chronic  gastric  catarrh,  Griitzner  observed  that  the  secretion  took  place  con- 
tinuousfy,  and  that  the  gastric-juice  contained  little  pepsin,  was  turbid,  sticky,  feebly  acid  and 
even  alkaline.  The  introduction  of  food  did  not  alter  the  secretion,  so  that  in  this  condition 
the  stomach  really  obtains  no  rest.  The  chief  cells  of  the  gastric-glands  were  turbid.  Hence, 
in  gasti-ic  catarrh,  we  ought  to  eat  frequently,  but  take  little  at  a  time,  while  at  the  same  time 
dilSte  hydrochloric  acid  ought  to  be  administered  (0-4  per  cent.).    SmaU  doses  of  common  salt 

^^"rAlience  Jf^HcT  — HCl  is  almost  always  absent  in  carcinoma  of  the  stomach  {van  da  Vclde), 
amyloid  degeneration  of  the  gastric  mucous  membrane  {Minger),  and  sometimes  m  fever  In 
all  these  cases  the  acid-reaction  is  due  to  lactic  or  butyi'ic  acid.    The  ^^sejice  of  HW 
cancer  of  the  stomach  is  an  important  diagnostic  and  prognostic  symptom  I* 
simple  dilatation  of  the  stomach.    Test  the  contents  of  the  stomach  for  ^ ^ee  HCl  ^ith  t  o^^ 
(red  colour),  methylviolet  (blue),  and  with  ferric  chloride  and  carbolic  acid  (^f.  '««''^)-  ,^ 
per  cent,  of  free  HCl  causes  the  amethyst-blue  of  the  last  to  become  ^teel-grey,  ^^llxle  som_e^^^^^ 
^ore  discharges  the  colour  altogether.    [In  testing  for  the  presence  of  f^f%\«'.^*^°,  ^J^^^ 
gastric  contents  use  Uffelmann's  reaction  (§  163).    The  j^^^.f  ^  fi^St  obtained 

from  the  gastric  contents,  and  the  reaction  can  then  be  performed  with  tf^^^f^'i^y^J*^'^ 
af?er  evaporating  the  ether.    A  solution  of  1  drop  of  the  liquor  perchloride  in  50  c.c.  of  water  is 

"SeLf  °di;K?may  either  by  imperfect  formation  of  acid  or  v^^  ^^^^^^^ 

substances  may  be  administered  in  such  a  condition.    [It  may  also  be  due  to  deficient  muscular 
power  hi  the  wall  of  the  stomach.]    In  other  cases,  lactic,  butyric,  and  acetic  ;^.cids  are  formed 
o^vinl  to  the  presence  of  lowly  organisms.    In  such  cases,  small  doses  of  salicylic  acid  toget  er 
'^^^llX'^rSoric  acid,'are'useful.    Pepsin  need  not  be  given  oftei,  -  >t  - -rely  a^^U 
even  from  the  diseased  gastric  mucous  membrane.    Albumin  has  been  found  m  tue  gasinc 
iuico  in  cases  of  gastiic  catarrh  and  cholera.  ,  ^,   .  •    xv„         nf  AIaxis  St 

e!  Digestion  during  Fever  and  Anromia. -Beaumont  found  that  lu  the  case  of  Alexis  at 
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Mai'tin,  when  fever  occurred,  a  small  amount  of  gastric-juico  was  secreted  ;  the  mucous 
membrane  was  dry,  red,  and  irritable.  Dogs  suH'ering  from  septicoamic  fever,  or  rendered 
ansemic  by  great  loss  of  blood,  secrete  gastric-juice  of  feeble  digestive  power  and  containing 
little  acid  {Manasscln).  [In  acute  diseases  accompanied  by  fever,  the  inner  cells  of  the  iundus- 
glands  of  the  human  stomach  may  disappear  {O.  Kupffcr).]  Hoppe-Seylor  investigated  the 
gastric-juice  of  a  typhus  patient  in  which  van  de  Veldo  found  no  Ireo  acid.  Usually  no  free 
hydrochloric  acid  is  found  in  cancer  of  the  stomach.  The  gastric-juice  of  the  typhus  patient 
did  not  digest  artificially,  even  after  the  addition  of  hydrochloric  acid,  The  diminution  of 
acid,  under  these  circumstances,  favours  the  occurrence  of  a  neutral  reaction,  so  that,  on  the 
one  hand,  digestion  cannot  proceed,  and  on  the  other,  fermentative  processes  (lactic  and  butyric 
acid  fermentations  with  the  evolution  of  gases)  occur.  These  results  are  associated  with  the 
presence  of  micro-organisms  and  Sarcina  ventriculi  (Goodsir).  Ulfelmann  found  that  the  secretion 
of  a  peptone-forming  gastric-juice  ceased  in  fever,  when  the  fever  is  severe  at  the  outset,  when 
a  feeble  condition  occurs,  or  when  the  temperature  is  very  high.  The  amount  of  juice  secreted 
is  certainly  diminished  during  fever.  The  excitability  of  the  mucous  membrane  is  increased, 
so  that  vomiting  readily  occurs.  The  increased  excitability  of  the  vaso-motor  nerves  duriuw  fever 
is  disadvantageous  for  the  secretion  of  the  digestive  fluids  {Hcidenliain).  Beaumont  observed 
that  fluids  are  rapidly  absorbed  from  the  stomach  during  fever,  but  the  absorption  of  peptones 
is  diminished  on  account  of  the  accompanying  catarrhal  condition  of  the  stomach  and  the 
altered  functional  activity  of  the  muscularis  mucossB  (Leube),  ' 

Many  salts,  when  given  in  large  a,mount,  disturb  gastric  digestion,  e.g.,  the  sulphates.  While 
the  alkaloids,  morphia,  strychnia,  digitalin,  narcotin,  veratria  have  a  similar  action,  quinine 
fsivonvs  it  (TFolberg).  In  some  nervous  individuals  "peristaltic  unrest  of  the  stomach,"  con- 
joined with  a  dyspeptic  condition,  occurs  {Kussviaul).  [Prosser  James  directs  attention 'to  the 
value  of  peptic  and  pancreatic  salts,  which  are  preparations  of  common  salt  mixed  with  pepsin 
and  the  ferments  of  the  pancreas  respectively.  ] 

[Artificial  Digestion  is  aifected  by  various  salts  according  to  their  nature  and  dilution.  The 
digestion  oi  fibrin  by  pepsin  goes  on  best  without  the  addition  of  salts,  being  diminished  by 
magnesic  sulphate,  sodic  carbonate,  and  sulphate.  The  digestion  of  fibrin  by  pancreatic  extract 
is  accelerated  by  sodic  carbonate  {Heidenlmin),  and  retarded  by  MgS04  and  ]Sra„S04.  The 
diastatic  action  of  the  saliva  and  pancreas  on  starch  is  greatly  accelerated  by  NaCl  (2'per  cent ) 
while  NaoCOg,  ^2804,  and  MgSOj  hinder  it  {Pfeiffer).-]  According  to  Schiitz,  artificial  gastric 
digestion  is  retarded  by  a  2  per  cent,  solution  of  alcohol,  and  also  by  a  solution  of  salicylic  acid 
(•06  to  -1  per  cent. ).  Buchner,  however,  finds  that  10  per  cent,  of  alcohol  does  not  afi'ect  artificial 
gastric  digestion,  while  above  20  per  cent,  arrests  it.    Beer  hinders  digestion. 

F.  In  acute  diseases,  the  secretion  of  bUe  is  affected  ;  it  becomes  less  in  amount  and  more 
watery,  i.e.,  it  contains  fewer  specific  constituents.  If  the  liver  undergoes  great  structural 
change,  the  secretion  may  be  arrested. 

7  7^^^^^'?*°'^^^'~^'^'''^  decomposition  of  the  bile  occurs,  gall-stones  are  formed  in  the  gall- 
bladder or  m  the  Ule-ducts.  Some  are  white,  and  consist  almost  entirely  of  stratified  layers  of 
crystals  of  cholestenn.  The  hrown  forms  consist  of  bilirubin -lime,  and  calcium  carbonate,  often 
mixed  with  iron,  copper,  and  manganese.  The  gall-stones  in  the  gall-bladder  become  facetted 
by  rubbing  against  each  other.  The  nucleus  of  the  white  stones  often  consist  of  chalk  and  bile- 
colouring  matters,  together  with  nitrogenous  residues,  derived  from  shed  epithelium,  mucin, 
bile-salts,  and  fats.  Gall-stones  may  occlude  the  bile-duct  and  cause  cholsemia.  When  a  small 
stone  becomes  impacted  in  a  duct,  it  gives  rise  to  excessive  pain,  constituting  hepatic  colic,  and 
m^  even  cause  rupture  of  the  bile-duct  with  its  sharp  edges. 

_  H.  Nothing  certain  has  been  determined  regarding  the  pancreatic  secretion  in  disease,  but 
in  fever  It  appears  to  be  dimmished  in  amount  and  digestive  activity.  The  suppression  of  the 
pancreatic  secretion  [as  by  a  cancerous  tumour  of  the  head  of  the  pancreas],  is  often  accompanied 
by  the  appearance  of  fat,  in  the  form  of  globules  or  groups  of  crystals  in  the  faeces. 
bv  m  Pni^r ^Portant  derangement  of  the  digestive  tract.  It  may  be  caused 
^iTvll  1  /  I       "^'^"''^  channel,  e.g.,  constriction  of  the  gut  from  stricture 

^ Tr^vr^iof  ^  after  dysentery,  tumours,  rotation  on  its  axis  of  a  loop  of  intestine  (volvulus), 
Px,Xt&  '  "^fl'^'^r  °^  ^  °  g''*  ^  ^-^^i^l  «^<='  °r  by  the  pressure  of  tumours  or 
Lnts  creSr^n^^  or  congenital  absence  of  the  anus.  (2)  Too  gi4t  dryness  of  the  con- 
secretionT  .  „^nf  K-  • °^        diminution  of  thS  amount  of  the  digestive 

nr^alc     '  if"       ■     ™  ^'^t^'-us ;  or  m  consequence  of  much  fluid  being  given  oft'  bv°  other- 
Si  V  of  tfe™3°'''  "T'^r  °'  Variatio'n^  in  the  fun'ctio  a 
imv^rlSi^^^Zl    Ti?                    apparatus  of  the  gut  may  cause  constipation,  owing  to 
1  peristalsis.    This  condition  occurs  in  inflammations,  degenerations,  chronic  catan-h 

are  u  uSrvTc^.f  ^  ^^'''''T  '^'""'^  cord,'and^ometimes'a£  oTthe  E 

acLTtv  aKvn^S^-^  slow  evacuation  of  the  intestine.  Whether  diminished  menta 
Salmodic  co^trac  ?or,  n  f'/.^  -^1°^'  °'  ^^'^  '^^"^"^  ^3^'  constipation  is  not  proved. 
Se^2  aT  at  tC,lf  l-'^  °^       '•^'l*'^'        ''''''''  temporary  retention  of  the  intestinal 

thfanal'sphLtor  wh  22™^'  K         P"^"^  °'  ^"^^"^ '       '^'^^     true  of  spasm  of 

me  anai  apluncter,  which  may  be  excited-  reflexly  from  the  lower  part  of  the  gut.    The  fajcal 
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masses  in  constipation  aro  usually  hard  and  dry,  owing  to  the  water  being  absorbed  ;  hence 
they  form  largo  masses  or  smjbula  within  the  large  intestine,  and  these  again  give  rise  to  new 
resistance.  Amongst  the  reagents  which  prevent  evacuation  of  the  bowels,  some  paralyse  the 
motor  apparatus  temporarily,  e.g.,  opium,  morphia ;  some  diminish  the  secretion  of  the  intestinal 
mucous  membrane,  and  cause  constriction  of  the  blood-vessels,  as  tannic  acid,  vegetables  con- 
taining tannin,  alum,  chalk,  lead  acetate,  silver  nitrate,  bismuth  nitrate. 

J.  Increased  evacuation  of  the  intestinal  contents  is  usually  accompanied  by  a  watery  condition 
of  the  fajces,  constituting  diarrhoea.    Tlie  causes  are : — 

1.  A  too  rapid  movement  of  the  contents  through  the  intestine,  chiefly  through  the  largo 
intestine,  so  tliat  there  is  not  time  for  the  normal  amount  of  absorption  to  take  place.  The 
increased  peristalsis  depends  upon  stimulation  of  the  motor-nervous  apparatus  of  the  intestine, 
usually  of  a  reflex  nature.  Rapid  transit  of  the  contents  through  the  intestine  causes  the 
evacuation  of  certain  substances,  which  cannot  be  digested  in  so  short  a  time. 

2.  The  stools  become  thinner  from  the  presence  of  much  water,  mucus,  and  the  admixture 
with  fat,  and  by  eating  fruit  and  vegetables.  In  rare  cases,  when  the  evacuations  contain  much 
mucin,  Charcot's  crystals  occur  (fig,  144,  c).  In  ulceration  of  the  intestine,  leucocytes  (pus)  are 
present  {Notlmagel). 

3.  Diarrhoea  may  occur  as  a  consequence  of  disturbance  of  the  diffusion-processes  through  the 
intestinal  walls,  as  in  affections  of  the  epithelium,  when  it  becomes  swollen  in  inflammatory  or 
catarrhal  conditions  of  the  intestina'  mucous  membrane.  [Irritation  over  the  abdomen,  as  from 
the  subcutaneous  injection  of  small  quantities  of  saline  solutions,  causes  diarrhoea.] 

4.  It  may  also  be  due  to  increased  secretion  into  the  intestine,  as  in  capillary  diffusion,  when 
magnesium  sulphate  in  the  intestine  attracts  water  from  the  blood. 

The  same  occurs  in  cholera,  when  the  stools  are  copious  and  of  a  rice-water  character,  and  are 
loaded  %vith  epithelial  cells  from  the  villi.  The  transudation  into  the  intestine  is  so  great  that 
the  blood  in  the  arteries  becomes  very  thick,  and  may  even  on  this  account  cease  to  circulate. 

Transudation  into  the  intestine  also  takes  place  as  a  consequence  of  paralysis  of  the  vaso- 
motor nerves  of  the  intestine.  This  is  perhaps  the  case  in  diarrhcea  following  upon  a  cold. 
Certain  substances  seem  directly  to  excite  the  secretory  organs  of  the  intestines  or  their  nerves, 
such  as  the  drastic  purgatives  (§  180).  Pilocarpin  injected  into  the  blood  causes  great  secretion 
{Masloff). 

During  febrile  conditions,  the  secretion  of  the  intestinal  glands  seems  to  be  altered  quanti- 
tatively and  qualitatively,  with  simultaneous  alteration  of  the  functional  activity  of  the  muscul- 
ature and  the  organs  of  absorption,  while  the  excitability  of  the  mucous  membrane  is  increased 
( Uffelmann).  It  is  important  to  note  that  in  many  acute  febrile  diseases  the  amount  of  common 
salt  in  the  urine  diminishes,  and  increases  again  as  the  fever  subsides. 

187.  COMPARATIVE.^ — Salivary  Glands. — Amongst  mammals,  the  herbivora  have  larger 
salivary  glands  than  the  carnivora  ;  while  midway  between  both  are  the  omnivora.  The  whale 
has  no  salivary  glands.  The  pinnipedia  have  a  small  parotid,  which  is  absent  in  echidna.  The 
dog  and  many  carnivora  have  a  special  gland  lying  in  the  orbit,  the  orbital  or  zygonmtic  gland. 
In  birds  the  salivary"  glands  open  at  the  angle  of  the  mouth,  but  the  parotid  is  absent. 
Amougst  reptiles  the  parotid  of  some  species  is  so  changed  as  to  forni  poison-glands;  the 
tortoise  has  sublingual  glands;  reptiles  have  labial  glands.  The  amphibia  and  fishes  have 
merely  small  glands  scattered  over  the  mouth.  The  salivary  glands  are  large  in  insects  ;  some 
of  them  secrete  formic  acid.  The  salivary  glands  are  well  developed  in  molluscs,  and  the  saliva 
of  Dolium  galea  contains  more  than  3  per  cent,  of  free  sulphuric  acid  (?).  The  cephalopods 
have  double  glands. 

A  crop  is  not  present  in  any  mammal ;  the  stomach  is  either  simple,  as  in  man,  or,  as  in 
many  rodents,  it  is  divided  into  two  halves,  into  a  cardiac  and  a  pyloric  portion.  The  intestine 
is  short  in  flesh-eating  animals  and  long  in  herbivora.  The  stomach  of  ruminants  is  conipound, 
and  consists  of  four  cavities.  The  fii-st  and  largest  is  the  paunch  or  rumen,  then  the  reticulum. 
In  these  two  cavities,  especially  the  former,  the  ingesta  are  softened  and  undergo  fermentation. 
They  are  then  returned  to  the  mouth  by  the  action  of  the  voluntary  muscular  fibres,  which 
reach  to  the  stomach.  This  is  the  process  of  nrmination.  The  ingesta  are  chewed  again  m  the 
mouth,  and  are  again  swallowed,  but  this  time  they  enter  the  third  ca\ity  or  psaltenmn— 
(which  is  absent  in  the  camel)— and  thence  into  the  fourth  stomach  or  abomasum,  in  which 
the  fermentative  digestion  takes  place.  The  cfficum  is  a  very  large  and  important  digestive 
organ  in  herbivora  and  in  most  rodents ;  it  is  small  in  man,  and  absent  in  carnivora.  The 
oesophagus  in  grain-eating  birds  not  unfrequently  has  a  blind  diverticulum  or  crop  for  softening 
the  food.  In  the  crop  of  pigeons  during  the  breeding  season,  there  is  formed  a  peculiar  secre- 
tion—"pigeon's  milk,"  which  is  used  to  feed  the  young  (/.  Hunter).  The  stomach  consists  of 
a  glandular  proventriculus  and  a  strong  muscular  stomach  which  is  covered  with  horny  epi- 
thelium and  triturates  the  food.  There  are  usually  two  fluid  diverticula  on  the  small  intestine 
near  where  it  ioins  the  large  gut.  In  fishes  the  intestinal  canal  is  generally  simple ;  the  stomach 
is  merely  a  dilatation  of  the  tube ;  and  at  the  pylorus  there  may  be  one,  but  usually  many, 
blind  glandular  appendages  (the  appendices  pylorica;).    They  are  generally  longitudinal  folds  lu 
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the  intestinal  raucous  membrane,  but  in  some  fishes,  e.g.,  the  shark,  there  is  a  spiral  valve.  [The 
inversive  (cane-sugar)  ferment  is  wanting  in  the  herbivora,  as  the  cow,  horse,  and  sheep,  but  is 
present  in  the  dog  and  cat.  It  is  also  met  with  in  birds  and  reptiles,  and  in  many  of  the 
invertebrates,  as  the  ordinary  earth-worm  {M.  Hay).  ] 

In  amphibia  and  reptiles  the  stomach  is  a  simple  dilatation ;  the  gut  is  larger  in  vegetable 
feeders  than  in  flesh  feeders.  The  liver  is  never  absent  in  vertebrates,  although  the  gall-bladder 
frequently  is.    The  pancreas  is  absent  in  some  fishes. 

Digestion  in  Plants.— The  observations  on  the  albumin-digesting  power  of  some  plants 
are  extremely  interesting  [Ganhy,  1869  ;  Ch.  Darwin,  1875).  The  sundew  or  drosera  has  a 
series  of  tentacles  on  the  surface  of  its  leaves,  and  the  tentacles  are  provided  with  glands.  When 
an  insect  alights  upon  a  loaf,  it  is  suddenly  seized  by  the  tentacles  ;  the  glands  pour  out  an  acid 
juice  over  the  prey,  which  is  gradually  digested,  all  except  the  chitinous  structures.  The  secre- 
tion, as  well  as  the  subsequent  absorption  of  the  products  of  digestion,  are  accomplished  by  the 
activity  of  the  protoplasm  of  the  cells  of  the  leaves.  The  digestive  juice  contains  a  pepsin -like 
ferment  and  formic  acid.  Similar  phenomena  are  manifested  by  the  Venus  flytrap  (Dioncea), 
by  pinguicula,  as  well  as  by  the  cavity  of  the  altered  leaves  of  nepenthes.  About  fifteen  species 
of  these  ' '  insectivorous  "  or  carnivorous  plants  are  known.  [Papain,  and  other  ferments  analo- 
gous in  their  action  to  trypsin,  are  referred  to  in  §  170.] 

188.  HISTOEICAL.— Digestion  in  the  Mouth.— The  older  observers  regarded  the  saliva  as  a 
solvent,  and  in  addition,  many  bad  qualities,  especially  in  starving  animals,  were  ascribed  to  it. 
This  arose  from  the  knowledge  of  the  saliva  of  mad  animals,  and  the  parotid  saliva  of  poisonous 
suakes.  The  salivary  glands  have  been  known  for  a  long  time.  Galen  (131-203  a.d.)  was  ac- 
quainted with  Wharton's  duct,  and  Aetius  (270  a.d.)  with  the  sub -maxillary  and  sub-lingual 
glands.  Hapel  de  la  Chenaye  (1780)  obtained  large  quantities  of  saliva  from  a  horse,  in  which 
he  was  the  first  to  make  a  salivary  fistula.  Spallanzani  (1786)  asserted  that  food  mixed  with  saliva 
was  more  easily  digested  than  food  moistened  with  water.  Hamberger  and  Siebold  investigated 
the  reaction,  consistence,  and  specific  gravity  of  saliva,  and  found  in  it  mucus,  albumin,  common 
salt,  calcium  and  sodium  phosphates.  Berzelius  gave  the  na.me  2JtyaUn  to  the  characteristic 
organic  constituent  of  saliva,  but  Leuchs  (1831)  was  the  first  to  detect  its  diastatic  action. 

Gastric  Digestion.— Digestion  was  formerly  compared  to  "  coction,"  whereby  solution  was 
ettected._  According  to  Galen,  only  substances  that  have  been  dissolved  passed  through  the 
pylorus  into  the  intestine.  He  described  the  movements  of  the  stomach  and  the  peristalsis  of  the 
intestines.  Aelian  gave  names  to  the  four  stomachs  of  the  ruminants.  Vidius  (+  1567)  noticed 
the  numerous  small  apertures  of  the  gastric  glands.  Van  Helmont  (t  1644)  expressly  notices 
the  acidity  of  the  stomach.  Reaumur  (1752)  knew  that  a  juice  was  secreted  by  the  stomach, 
whicli  ellected  solution,  and  with  which  he  and  Spallanzani  performed  experiments  on  digestion 
outside  the  body.  Carminati  (1785)  found  that  the  stomachs  of  carnivora  during  digestion 
secreted  ^  very  acid  juice.  Prout  (1824)  discovered  the  hydrochloric  acid  of  the  g?stric-juice, 
bprott  and  Boyd  (1836)  the  glands  of  the  gastric  mucous  membrane,  while  Wasmann  and  Bischoif 
noted  the  two  kinds  of  gastric-glands.    After  Beaumont  (1834)  had  made  his  observations  upon 

^Wlinf  n «A\      7^?^^^  ^  S^'*^'''  ^^^^^l'^  by  ^  gunshot  wound,  Bassow  (1842)  and 

Blondlot  (1843)  made  the  first  artificial  gastric-fistulfe  upon  animals.  Eberle  (1834)  prepared 
T  p£  gastric-juice  Mialhe  called  albumin,  when  altered  by  gastric  digestion,  albuminose; 
^ehmann,  who  investigated  this  substance  more  carefully,  gave  it  the  name  peptone.  Schwann 
""i^  ^blished  the  fact  of  its  activity  in  the  presence  of  hydrochloiicidd 
Maur  Hoff^«r.n^nS9?i  Digestion. -The  pancreas  was  known  to  the  Hip^ocratic  School; 
di  r^ff  ^  11      demonstrated  its  duct  (fowl),  and  Wirsung  described  it  in  man.  Regner 

t  tn  W  illf  collected  the  pancreatic  juice  from  a  fistula,  and  Tiedemann  and  Gmeliu  found 
povprprl  ^^''V'     !•  ■^^''^'u  ^""'^  Lassaigne  found  that  it  resembled  saliva.    Valentin  dis- 

covered Its  diastatic  action,  Eberle  its  emulsionising  power,  and  CI.  Bernard  (1846)  its  trvptic 
Spthettl.firPf '''^f  1-t-entioned  Function  was  referred  to  by  Puricinje^ffi 
£SatuTSo4  h^fi  clwactensed  the  bile  as  a  useless  secretion;  according  to 

hSr     LSJJ^  ^^'-^  channels  conduct  the  bile  from  the  liver  into  the  gall- 

bladder. Aretaeus  ascribed  icterus  to  obstruction  of  the  bile-duct.  Benedetti  (1493)  described 
gaii-siones.  According  to  Jasolinus  (1573),  the  gall-bladder  is  emptied  by  its  own  contractions. 
Sim  oaTi  nf  m  "^xx*'^?  li^er  (1640);  Walaeus,  the^onnective-tissue  of  the  so- 

called  capsule  of  Glisson  (1641).    Haller  indicated  the  uses  of  bile  in  the  di<restion  of  fats  The 

tTafd  cT^BernTrd  n  8.s(  ^"'"".f '  (1^38).  HeyntrdJcove^edTl,: 

n  the  liver     TCWni^     ^  "^^^  ""S^'  ^'^'^  Hensen  (1857)  found  glycogen 

niected  tl;  l^mnwlf ^^o^'-^,  <^\^ct  description  of  the  hepatic  blood-vessels  (1834)!  Bede 
EffistuH  •  ^""'l^f^^^        fif'*  l^il-^-ducts.    Schwann  (1844)  made  the  first 

(S    Strtke?Xpov^^  '"^"'""^  ^''^        c°"^bination  of  the  bile-acids  with  soda 

mentions  nutrSnt  o^^^  '°  ^^^^h  acids,  and  isolated  them.  Celsus 

viK  the  Sw^^^  ^  ^'^ll^PJ"-^  (1561)  described  the  valvular  conniventes  and 

I-mimtedcrlanl  nr  i.^r^  ^^'^  ^^^'^"^^  P^^^^^  °f        mesentery.  Tlie 

agminatecl  glands  or  patches  of  Peyer  were  known  to  Severiuus  (1645).  J 


290 


THE  ORGANS  OF  ABSOEPTION, 


Physiology  of  Absorption. 

189.  THE  ORGANS  OF  ABSORPTION.— [As  most  substances  in  the  state 
in  which  they  are  used  for  food  are  either  insoluble,  or  diffuse  but  imperfectly 
through  membranes,  the  wliole  drift  of  the  complicated  digestive  processes  is  to 
render  these  substances  soluble  and  diffusible,  and  thus  lit  them  for  absorption; 
while  most  of  the  fats  are  emulsionised.] 

The  mucous  membrane  of  the  whole  intestinal  tract,  as  far  as  it  is  covered  by  a 

single  layer  of  columnar  epithelium,  i.e.,  from  the 
cardiac  orifice  of  the  stomach  to  the  anus — is 
adapted  for  absorption.  The  mouth  and  oeso- 
phagus, lined  as  they  are  by  stratified  squamous 
epithelium,  are  much  less  adapted  for  this  pur- 
pose. Still,  poisoning  is  caused  by  placing  potas- 
sium cyanide  in  the  mouth.  The  channels  of 
absorption  in  the  intestinal  tract  are  (fig.  206) — 
(1)  the  capillaries  {direct],  and  (2)  the  lacteals 
i'lff  ''06  '"'^       \indireci\  of  the  mucous  membrane.    Almost  the 

...      S"l^J.,^f;„„   TAr  whole  of  the  substances  absorbed  by  the  former 

Scheme  of  intestinal  absorption.  LAO.,         .  ,  ,     r  .  i     •  7j  

lacteals  ;  T.D.,  thoracic  duct ;  P.V.  pass  into  the  rootlets  of  the  portal  vem,  and  tta- 
and  H.V.,  portal  and  hepatic  veins  ;  verse  the  liver,  while  those  that  enter  the  lacteals 
INT.,  intestine.  really  pass  into  lymphatics,  so  that  the  chyle 

passes  through  the  thoracic  duct  and  is  poured  by  it  into  the  blood,  where  the 
thoracic  duct  joins  the  subclavian  vein. 

Watery  solutions  of  salts,  grape-sugar,  peptone,  poisons,  and  in  a  still  higher 
degree  alcoholic  solutions  of  poisons,  are  absorbed  in  the  stomach.  The  empty 
stomach  absorbs  more  rapidly  than  one  filled  with  food;  gastric  catarrh  delays 
absorption.  After  a  copious  diet  of  milk,  fatty  granules  have  been  found  in  the 
protoplasm  of  the  goblet-cells ;  so  that  according  to  this  view,  the  goblet-cells  have 
a  double  function,  to  secrete  mucus  and  to  absorb  nutriments. 

The  greatest  area  of  absorption  is  undoubtedly  the  small  intestine,  especially 
its  u]3per  half,  owing  to  the  presence  of  the  valvulae  conniventes  and  the  villi. 

190  STRUCTURE  OF  THE  SMALL  AND  LARGE  INTESTINES.— [The 
wall  of  the  smaU  intestine  consists  of  four  coats ;  which,  from  without  inward,  are 
named  serous,  muscular,  sub-mucous,  and  mucous  (fig.  207). 

(1)  The  serous  coat  has  the  same  structure  as  the  peritoneum,  i.e.,  a  thin  basis  of  fibrous 
tissue  covered  on  its  outer  surface  by  endothelium.       .  ,      ,       .         ^,  .  ,  „,-^„i„, 

(2)  The  muscular  coat  consists  of  a  thin  outer  longitudinal  and  an  inner  thicker  circular 
laver  of  non-striped  muscular  fibres  (fig.  207).  ^  •  •     i  -ui^^j 

(3)  The  sub-mucous  coat  consists  of  loose  connective-tissue  containing  large  blood-vessels 
and  nerves,  and  it  connects  the  muscular  with  the  mucous  coat.  ^     .  ,      ,    •  „„„j 

(4)  The  mucous  coat  is  the  most  internal  coat,  and  its  absorbing  surface  is  largely  increased 
bv  the  presence  of  the  valvule  conniventes  and  villi.  [The  valvula  conniventes  are  pennanent 
folds  of  the  mucous  membrane  of  the  small  intestine,  arranged  across  the  long  axis  of  gut. 
They  pass  round  a  half  or  more  of  the  inner  surface  of  the  gut.  They  begin  a  little  below  the 
commencement  of  the  duodenum,  and  are  large  and  well  marked  in  the  duodenum  and  lem^u 
so  as  far  as  the  upper  half  of  the  jejunum,  where  they  begin  to  become  smaller,  and  finally  dis- 
appear  about  the  lower  part  of  the  ileum.]  The  vilU  are  characteristic  of  the  small  mt^tine 
aSS  are  confined  to  it ;  they  occur  everywhere  as  closely-set  projections  over  and  between  the 
valvX  conniventes  (fig.  207).  When  the  inner  surface  of  the  mucous  membrane  is  examined 
L  water  it  has  a  velvety  appearance  owing  to  their  presence.  [They  vary  ui  lenflV'""  ^^^^^^  ^ 
X  of  an  inch,  are  largest  a/id  most  numerous  in  the  upper  part  of  the  intestine,  ^luodem  m  and 
Sunum,  where  absorption  is  most  active,  but  they  are  less  abundant  in  the  ileum.  Th^-'i  total 
iumC  has  been  calculated  at  four  millions  by  Krause.]  Each  villus  is  a  projeetiou  of  the 
entTre  mucous  merabrauc,  so  that  it  contains  within  itself  representatives  ot  all  the  tissue 
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VIUI 

\vith|epi. 

theli'um. 


elements  of  the  mucosa.  The  orifices  of  the  glands  of  Lieberkiihn  open  between  the  bases  o£ 
villi  (fig.  207). 

Each  villus,  bo  it  cylindrical  or  conical  in  shape,  is  covered  by  a  single  layer  of  columnar 
epithelium,  whoso  protoplasm  is  roticulatet>,  and  contains  a  well-defined  nucleus  with  an  intra- 
nuclear plexus  of  fibrils.  The  ends  of  the  epithelial  cells  directed  towards  the  gut  are  polygonal, 
and  present  the  appearance  of  a  mosaic  (fig.  208,  D).  When  looked  at  from  tlio  side,  their  free 
surface  is  seen  to  be  covered  with  a  clear,  highly  refractive  disc  or  "cuticula,"  winch  is  marked 
with  vertical  stria;.  These  strife  were  supposed  by  KoUiker  to  represent  pores  for  the  absorp- 
tion of  fatty  particles,  but  this  has  not  been  confirmed,  while  Brettauer  and  Steinach  regarded 
them  as  produced  by  prisms  placed  side  by  side, 

According  to  v.  Thanhotfer,  however,  tlris  clear  disc  is  comparable  to  the  thickened  flange 
around  the  bottom  of  a  vessel,  such  as  is  used  for  collecting  gases.  On  this  supposition,  the- 
upper  end  of  each  cell  is  open,  and  from  it 
there  project  pseudopodia-like  bundles  of 
protoplasmic  processes  (fig.  208,  B).  These 
processes  are  supposed  to  be  extended  beyond 
the  margin  of  the  cell,  and  again  rapidly  re- 
tracted, and  in  so  acting  they  are  said  to 

carry  the  fatty  particles  into  the  interior  of 

the  cells,  much  as  the  pseudopodia  of  an 

amojba  entangle  its  food.    [This  view  has 

not  been  confirmed  by  a  sufficient  number  of 

observers.]    Between  the  epithelial  cells  are 

the  so-called  goblet-cells  (fig.  208,  C).  [Each 

goblet-cell  is  more  or  less  like  a  chalice, 

narrower  above  and  below,  and  broad  in  the 

middle,  with  a  tapering  fixed  extremity.  The 

outer  part  of  these  cells  is  filled  with  a  clear 

substance  or  mucigen,  which,  on  the  addition 

of  water,  yields  mucus.    The  mucigen  lies  in 

the  intervals  of  a  fine  network  of  fibrils, 

which  pervades  the  cell-protoplasm,  while 

the  protoplasm,  containing  a  globular  or  tri- 
angular nucleus,  is  pushed  into  the  lower 

part  of  the  cell.  Those  goblet-cells  are  simply 

altered  columnar  epithelial  cells,  which  secrete  ^ 

mucus  in  their  interior.     They  are  more  I 

numerous  under  certain  conditions.    Not  un-  » 

frequently  in  a  section  of  the  mucous  mem-  g 

brane  of  the  gut,  after  it  is  stained  with  | 

logwood,  we  may  see  a  deep  blue  plug  of  ^ 

mucus  partly  exuded  from  these  cells.    When  m 

looked  at  from  above  they  give  the  appearance 

seen  fin  fig.  208,  D.]    The  epithelial  cells 

are  shed  in  enormous  numbers  in  cholera, 

and  in  poisoning  with  arsenic  and  muscarin 

(Bohm). 

[The  epithelial  cells  covering  the  villus  are 
placed  upon  a  layer  of  squamous  epithelium 
(basement  membrane)— the  sub-epithelial 
membrane  of  Debove.  This  basement  mem- 
brane is  said  to  be  connected  by  processes 
\vith  th  e  so-called  branched  cellsof  the  adenoid 
tissue  of  the  villus,  while  it  also  sends  up  pro- 
cesses between  the  epithelial  covering.] 


Lieber- 
kiihn's 
glands. 

Muscu- 
laris 

mucosaj. 


Payer's 
patch. 


Circular 
muscle. 


Longl- 
tudinal 
muscle. 


Fig.  207. 

Longitudinal  section  of  the  small  intestine  of  a 
dog  through  a  Peyer's  patch. 
The  villus  itself  consists  of  a  basis  of  adenoid  tissue,  containing  in  its  centre  one  or  more- 
muS  LS^^^^  ?  of  longitudinal  smooth  muscular  fitCS-ived  fronr  th: 

rretTcuTum^f  S,  wfflf  ^  f  iV'  r  The  adenoid  tissue  of  the  villus  consists  of 

a  snZv  ^etwoX  endothelial  p  ates  at  its  nodes.    The  spaces  of  the  adenoid  tissue  form 

208  A^I  Th„I  1^  T'^'^'^'r*"'!  "^'^""'"'l'  containing  stroma-cells  or  leucocytes  (fig. 
and  th^v'are  r^SZ  leucocytes  or  lymph-corpuscles  have  been  seen  to  contain  fatty  ^anules, 
ana  tnej  are  perhaps  concerned  in  the  absorption  of  fatty  particles. 

inelly  aTal^t:  in  tWe^^r  ^10,  d).    Some  regard  the  lacteal 

rendotl  eliaFcells\5i-b  „n  T  "^s,  bu   more  probably  it  has  a  distinct  wall  composed 

s to  Sa  Sce  the  in^^^^^^^  °/  ?  ""r ^  ^''-'^  """^  ^'"'"^  "ell-plates.  These 

tissue     Perhans  whfte  W  i  communication  with  the  spaces  of  the  a.lenoid 

i-erhaps,  white  blood-corpuscles  wander  out  of  the  blood-vessels  of  the  villi  into  the 
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spaces  of  the  adenoid  tissue,  where  they  become  loaded  with  fatty  grapules,  and  pass  into  the 


Fig.  208.  _  . 

A,  scheme  of  a  transverse  section  of  part  of  a  villus  ;  a,  columnar  epithelium  with,  6,  clear  disc  ; 
c,  goblet-cell ;  adenoid  reticulum  ;  d,  d,  spaces  containing  leucocytes,  e,  e  ;  f,  section 
of  the  central  lacteal.  B,  scheme  of  a  cell  with  processes  projected  from  its  interior.  C, 
columnar  epithelium  after  the  absorption  of  fatty  granules.  B,  columnar  epithehum  of  a 
villus  seen  from  above  with  a  goblet-cell  in  the  centre, 
central  lacteal.    Zuwarykin  and  Wiedersheim  suppose  that  the  leucocytes  pass  from  the 

parenchyma  of  the  villus  towards 
^  .  the  epithelial  layer,  and  even  be- 
cJl^pl-'' tween  the  epithelial    cells,  from 
tlielium.  which  they  return  towards  the  axis 
of  the  villus,  laden  with  substances 
which  they  have  talien  into  their 
Disc  on  interior  (§  192,  II.).  _ 
the  epi-     A  small  artery  placed  eccentrically 
thelium.  passes  into  each  villus  (fig.  209).  In 
man  it  begins  to  divide  about  the 
middle  of  the  villus,  but  in  animals 
it  usually  runs  to  the  apex  before  it 
divides.    The  capillaries  resulting 
from  the  division  of  the  artery  form 
a  fine  dense  network  placed  supcr- 
ficially,  immediately  under  the  epi- 
thelium of  the  surface.    The  blood 
is  carried  out  of  a  villus  by  one  or 
two  veins  (figs.  207,  209). 

Non-striped  muscular  fibres  arc 
present  in  villi.  They  are  arranged 
longitudinally  in  several  bundles 
from  base  to  apex,  immediately  out- 
side the  central  lacteal  AVhen  they 
contract  they  tend  to  empty  the 
lacteal.    A  few  muscular  fibres  are 

Artery.   \ll  )j  ///     "  y  "  jjlaced  more  superficially,  and  run  in 

a  more  transverse  direction.  [Ihe 
Fig.  209.  loDgitudiual  bundles  of  non-striped 

Injected  blood-vessels  of  a  villus.  muscle  in  the  villi  are  connected 

together  by  oblique  strands ;  while  the  longitudinal  bundles  shorten  the  villus,  the  oblique 


Capillary. 


•  Vein. 


beunner's  glands. 
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fibres  keep  the  lacteal  open  ;  thus  the  parencliyma  of  the  villus  is  also  compressed  transversely 
whereby  the  products  of  absorption  are  ' 
forced  into  the  lacteal.    The  muscles 
are  tixed  by  cement  to  the  sub-epi- 
thelial basal  membrane.    The  muscu- 
lar hbres  of  the  villi  are  direct  pro- 
longations of  the  musculavis  mucosas.] 
Nei-ves  pass  into  thevilli  from  Moiss- 
ner's  plexus  lying  in  the  sub-mucous 
coat.    The  nerves  to  the  villi  are  said 
to  have  small  granular  ganglionic  cells 
in  their  course,  and  they  terminate 
partlyin  the  muscular  fibres  and  partly 
in  the  arteries  of  the  villi. 

[On  making  a  vertical  section  of  the 
mucous  membrane  of  the  small  in- 
testine, it  is  seen  to  consist  of  a  net- 
work of  adenoid  tissue  loaded  with 
leucocytes.  This  tissue  forms  its  basis, 
and  in  it  are  placed  vertically  side  by 
side,  like  test-tubes  in  a  stand,  im- 
mense numbers  of  simple  tubular 
glands — the  crypts  of  Lieberkiihn  (fig. 
207).]  _  [Kultschitzki  finds  that  the 
connective-tissue  framework  of  the 
mucous  membrane  of  the  small  in- 
testine is  not  true  adenoid  tissue,  but 
a  transition  form  between  the  latter 
and  loose  fibrous  tissue.]  Lieberktilin's 
glands  open  above  at  the  bases  of  the 
villi,  while  their  closed  lower  extrem- 
ity roaches  almost  to  the  muscularis 
mucosae.  Each  tube  consists  of  a  base- 
ment membrane  lined  by  a  single  layer 
of  columnar  epithelium,  leaving  a  wide 
lumen,  the  cells  lining  them  being 
continuous  with  those  that  cover  the  mucous  membrane, 


Fig.  210, 

Mucous  membrane  of  the  small  intestine  of  the  dog  ; 
the  lacteals  are  black,  and  the  blood-vessels  lighter.' 
artery;  h,  lymphatic;  c,  plexus  of  capillaries  in  the 


villi ;  d,  lacteal ;  e,  Lieberkiihn's  glands. 


between  the  columnar  epi- 
thelium. Immediatelybelow 
the  bases  of  the  follicles  of 
Lieberkiihn  is  the  muscu- 
laris mucosas,  consisting  of 
two  or  three  narrow  layers  of 
non-striped  muscular  fibres 
an'anged  circularly  and 
longitudinally.  [It' is  con- 
tinuous with  the  muscularis 
mucosaj  of  the  stomach,  and 
extends  throughout  the 
whole  intestine,  not  as  a  con- 
tinuous layer,  but  as  a  close 
networkof  bundles  of  smooth 
muscle.  It  sends  fibres  up- 
wards into  the  villi  (fig.  212, 
«).] 

[Brunner's    Glands  are 

compound  tubular  glands 
lying  in  and  confined  to  the 
sub-mucous  coat  of  the  duo- 
denum (Hg.  198).  Their 
ducts  peribrate  the  muscu- 
laris mucosa;  to  open  on  the 
surface.  They  seem  to  be 
the  homologues  of  the  py- 
loric glands  of  the  stomach.] 
[Solitary  Follicles  are  small 


Some  goblet-cells  are 


Villi  with  blood-vessels  injected.  Solitary  foUicle. 


often  found 


Muscular 
coat. 


Fig.  211. 

Transverse  section  of  duodenum  of  a  rabbit  injected,  x-50. 

deeuer  r,art-rpml.7rr„i"-''  f'"'"' /"O""'^  01'  oval  white  masses  of  adenoid  tissue,  with  their 
aeepei  parts  embedded  m  the  sub-mucoaa,  and  their  apices  projecting  into  the  mucosa  of  the 
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intestine.  They  begin  at  the  pyloric  end  of  the  stomach  and  are  found  throughout  the  whole 
intestine.    Ihey  consist  of  small  masses  of  adenoid  tissue  loaded  with  leucocytes  (fig.  214). 

They  are  well  supjjlied  with 
blood-vessels  (§  197),  although  no 
lymphatic  vessels  enter  them. 
They  are  surrounded  by  lym- 
phatics, and,  in  fact,  they  may  be 
said  to  hang  into  a  lymjih-stream. 
The  distribution  of  solitary  fol- 
licles is  fairly  uniform  in  the 
small  intestine ;  their  number 
generally  increases  from  the 
Stomach  to  the  large  intestine  ; 
although  there  are  considerable 
variations  in  different  individuals, 
there  seems  to  be  the  same  num- 
ber of  solitary  follicles  and  Peyer's 
patches  in  the  infant  as  in  the 
adult  (Passov)).] 

[Peyer's  glands,  or  agminated 
glands,    consist    of   groups  of 
lymph-follicles  like  the  foregoing 
(figs.  207,  213).    The  masses  are 
often  more  or  less  fused  together, 
their  bases  lie  in  the  sub-muco.sa, 
while  their  summits  project  into 
the    mucosa,   where    they  are 
covered  merely  by  the  columnar 
Section  of  a  solitary  follicle  of  the  small  intestine  (human),  epithelium  of  the  intestine.  The 
a,  lymph-follicle  .covered  with  epithelium  (i)  which  has  ly™ph-corpuscles  often  pass  be- 
fallen from  the  villi,  c ;  d,  Lieberkiihn's  follicle  ;  e,  mus-  tween  the  epithelial  cells.  The 
cularis  mucosae  ;/,  sub-mucous  tissue.  patches  so  formed  have  their  long 

axis  in  the  axis  of  the  intestine, 
and  they  are  always  placed  opposite  the  attachment  of  the  mesentery.  Like  the  solitary  glands, 
they  are  well  supplied  with  blood-vessels,  while  around  them  is  a  dense  plexus  of  lymphatics 

or  lacteals.  They  are 
most  abundant  in  the 
lower  part  of  the  ileum. 
These  glands  are  speci- 
ally aftected  in  typhoid 
fever.  ] 

Nerves  of  the  Intes- 
tine.— Throughout  the 
whole  intestinal  tract 
there  exists  the  plexns 
of  Auerbach,  lying  be- 
tween the  longitudinal 
and  circular  muscular 
coats  (figs.  174,  175). 
This  plexus  consists  of 
non-meduUated  nerves 
with  groups  of  ganglio- 
nic cells  at  the  nodes. 
Fibres  are  given  off  by 
it  to  the  muscular  coats. 
Connected  bj'  branches 
with  the  foregoing,  and 
lying  iu  the  sub-mu- 

^  '  cosa,  is  the  plexus  of 

Fig.  213.  Meissner,     which  is 

Diagram  of  a  vertical  section  of  the  mucous  membrane  of  the  small  nnich  finer,  the  meshes 
intestine  of  a  dog  showing  the  closed  follicles,  aa ;  h,  muscularis  being  wider,  the  nodes 
mucosaj.  smaller,  but  also  pro- 

vided  with  ganglionic 

cells.    It  supplies  the  muscular  fibres  and  arteries  of  the  mucosa,  including  those  of  the  villi. 
It  also  sends  branches  to  Lieberkiihn's  glands  (fig.  176). 
[Structure  of  the  Large  Intestine.  — ^It  has  four  coats,  like  those  of  the  small  intestine.  The 
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serous  coat  has  the  same  structure  as  that  of  the  small  intestine.  The  muscular  coat  has 
external  longitudinal  filjres  occurring  all  round  the  gut,  but  they  form  throe  flat  ribbon-like 
longitudinal  bands  in  the  ciecum  and  colon  (fig.  214).  Inside  this  coat  are  the  circular  fibres. 
The  sub-mucosa  is  practically  the  same  as  that  of  the  small  intestine.  The  mucosa  is  distin- 
guished by  negative  characters.  It  has  no  villi  and  no  Peyer's  patches,  but  otherwise  it  resembles 
structurally  the  small,  intestine,  consisting  of  a  basis  of  adenoid  tissue  with  the  simple  tubular 
glands  of  Lieberkiilin  (fig.  199).  These  glands  are  very  numerous  and  somewhat  longer  than 
those  of  the  small  intestine,  and  they  always  contain  far  more  goblet-cells — about  ten  times  as 
many.  Tlie  cells  lining  them  are  devoid  of  a  clear  disc.  Solitary  glands  occur  throughout 
the  entire  length  of  the  large  intestine.  At  the  bases  of  Lieberkiihn's  glands  is  the  muscularis 
mucosa.    The  blood-vessels  and  nerves  have  a  similar  arrangement  to  those  in  the  stomach.] 


Fig.  214. . 

Longitudinal  section  of  the  large  intestine,  , 

[Blood- Vessels. — On  looking  down  on  an  opaque  injection  of  the  milcous  membrane  of  the 
stomach,  one  sees  a  dense  meshwork  of  polygbnal  areas  of  unequal  size,  with  depressions  here 
and  there.  The  orifices  are  the  orifices  of  the  gastric  glands,  each  surrounded  by  a  capillary. 
A  somewhat  similar  appearance  is  seen  in  an  opaque  injection  of  the  mucous  membrane  of  the 
large  intestine,  but  in  the  latter  the  meshwork  is  2iniform,  all  the  orifices  (of  Lieberkiihn's 
glands)  being  of  the  same  size.] 

191.  ABSORPTION  OF  THE  DIGESTED  FOOD.— The  physical  forces  con- 
cerned are  : — endosmosis,  diffusion,  and  filtration. 

All  the  constituents  of  the  food,  with  the  exception  of  the  fats,  which  in  part  are  changed 
into  a  fine  emulsion,  are  brought  into  a  state  of  solution  by  the  digestive  processes.  These 
.substances  pass  through  the  walls  of  the  intestinal  tract,  either  into  the  blood-vessels  of  the 
mucous  membrane  or  into  the  beginning  of  the  lymphatics.  In  this  passage  of  the  fluids  two 
physical  processes  come  into  i^aj— endosmosis  and  diffusion  as  well  a.s  filtration. 

I.  Endosmosis  and  diffusion  occur  between  two  fluids  which  are  capable  of  forming  an  inti- 
mate mixture  with  each  other,  e.g.,  hydrochloric  acid  and  water,  but  never  between  two  fluids 
which  do  not  form  a  perfect  mixture,  such  as  oil  and  water.  If  two  fluids  capable  of  mixing  with 
each  other,  but  of  diff"erent  compositions,  be  separated  from  each  other  by  means  of  a  septum 
with  physical  pores  (which  occur  even  in  a  homogeneous  membrane),  an  exchange  of  the  constitu- 
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This  exchange  of  fluids 


R 


ents  in  the  fluids  occurs  until  hoth  fluids  have  the  samo  composition, 
is  tcruiod  endusmosis  or  diotiviosis. 

Diffusion. — 11"  the  two  niixible  fluids  nre  placed  in  a  vessel,  the  one  fluid  over  the  other,  but 
without  being  separated  by  a  porous  so])tuni,  an  exchange  of  the  particles  of  tlie  fluids  also 
occurs,  until  the  whole  mixture  is  of  uniform  composition.    This  process  is  called  diffusion. 

Conditions  Influencing  Diffusion.— Grahiuu's  investigations  showed  that  the  rapidity  of 
diffusion  is  inlhiencod  by — (1)  TJie  nature  of  the  fluids  tliolnselves  ;  acids  diffuse  most  rapidly; 
the  alkaline  salts  more  slowly  ;  and  most  slowly,  fluid  albunun,  gelatin,  gum,  dextrin.  These 
last  do  not  crystallise,  and  perlia})s  do  not  form  true  solutions.  (2)  The 
more  concentrateil  the  solutions,  the  greater  the  diffusion.  (3)  Heat  accel- 
erates, while  cold  retards,  the  process.  (4)  If  a  solution  of  a  body  which 
difl'uses  with  difliculty  be  mixed  with  an  easily  diffusible  one,  the  former 
diffuses  with  still  greater  difliculty.  (.'))  Dilute  solutions  of  several  substances 
diffuse  into  each  other  without  any  difliculty,  but  if  concentrated  solutions 
are  employed,  the  process  is  retarded.  (6)  Double  salts,  one  constituent  of 
which  difl'uses  more  readily  than  the  other,  may  be  chemically  separated  by 
difl'usion. 

Endosmometer. — The  exchange  of  the  fluid-particles  takes  place  inde- 
pendently of  the  hydrostatic  pressure.  An  endosmometer  (fig.  215)  consists  of 
a  glass  cylinder  filled  with  distilled  water,  and  into  this  is  placed  a  flask,  J, 
without  a  bottom,  instead  of  which  a  membrane,  m,  is  tied  on.  A  glass  tube, 
R,  is  fixed  firmly  by  means  of  a  cork  into  the  neck  of  the  flask.  The  flask 
is  filled  up  to  the  lower  end  of  the  tube  with  a  concentrated  salt  solution, 
and  is  then  placed  in  the  cylindrical  vessel  until  both  fluids  are  on  the  same 
level,  X.  The  fluid  in  the  tube,  R,  soon  begins  to  rise,  because  water  passes 
through  the  membrane  into  the  concentrated  solution  in  the  flask,  and  this 
■p  independently  of  the  hydrostatic  pressure.  Particles  of  the  concentrated 
salt  solution  pass  into  the  cylinder  and  mix  with  the  water,  F.  These  out- 
going and  ingoing  currents  continue  until  the  fluids  without  and  within  J 
are  of  uniform  composition,  whereby  the  fluid  in  R  always  stands  higher  [e.g., 
at  y),  while  it  is  lowered  in  the  cylinder.  The  circumstance  of  the  level  of 
the  fluid  within  the  tube  being  so  high,  and  remaining  so,  is  due  to  the  fact 
that  the  pores  in  the  membrane  are  too  fine  to  allow  the  hydrostatic  pressure 
to  act  through  them. 

Endosmotic  Equivalent. — Experiment  has  shown  that  equal  weights  of 
different  soluble  substances  attract  different  amounts  of  distilled  water 
;  through  the  membrane,  i.e.,  a  known  weight  of  a  soluble  substance  (in  the 
flask)  can  be  exchanged  by  endosmosis  for  a  definite  weight  of  water.  The 
term  "endosmotic  equivalent"  indicates  the  weight  of  distilled  water  that 
passes  into  the  flask  of  the  endosmometer,  in  exchange  for  a  known  weight 
of  the  soluble  substance  \jolly).    For  1  grm.  alcohol  4-2  grms.  water  were  exchanged;  while 
for  1  grm.  NaCl,  4-3  grms.  water  passed  into  the  endosmometer.    The  following  numbei-s  give 


Fig.  215. 
Endosmometer. 


the  endosmotic  equivalent  of 

Acid  potassium  sulphate,      .  =  2*3 

Common  salt,       .       .       .  =  4"3 

Sugar,   =  7"1 

Sodium  sulphate,  .       .       .  =11 '6 


Magnesium  sulphate,. 
Potassium  sulphate,  . 
Sulphuric  acid,  . 
Potassium  hydrate,  . 


=  11-7 
=  12-0 
=  0-39 
=  215-0 


The  amount  of  the  substance  which  passes  through  the  membrane  into  the  water  of  the  cylm- 
der  is  proportional  to  the  concentration  of  the  solution.  If  the  water  in  the  cylinder,  there- 
fore be  repeatedly  renewed,  the  endosmosis  takes  place  more  rapidly  and  the  process  of  equili- 
bration is  accelerated.  The  larger  the  pores  of  the  membrane,  and  the  smaller  the  molecules  of 
the  substance  in  solution,  the  more  rapid  is  the  endosmosis.  Hence,  the  rapidity  of  endosmosis 
of  difi'erent  substances  varies,  e.g.,  the  rapidity  of  sugar,  sodium  sulphate,  common  salt,  and 
urea  is  in  the  ratio  of  1 :  1-1 :  5 :  9-5.  tu.  •    •  n         ii      n\  t\ 

The  endosmotic  equivalent  is  not  constant  for  each  suhstance.  It  is  mfluencecl  by— (i;  iiic 
temperature,  which,  as- it  increases,  generally  increases  the  endosmotic  equivalent.  (.2)  It  also 
varies  wth  the  degree  of  concentration  of  the  osmotic  solutions,  being  greater  for  dilute  solu- 
tions of  the  substances. 

If  a  substance  other  than  water  bo  placed  in  the  cylinder,  an  endosmotic  current  occure  on 
both  sides  until  complete  equality  is  obtained.  In  this  case,  the  currents  m  opposite  directions 
disturb  each  other.  If  two  substances  be  dissolved  in  the  water  in  the  flask  at  the  same  time, 
they  difl-use  into  water  without  affecting  each  other.  (3)  It  also  varies  with  membranes  ot 
varying  porosity.  Common  salt,  which  gives  an  endosmotic  equivalent  with  a  Pi| «  bhiader 
=  4-3,  Vves  6-4  when  an  ox  bladder  is  used  ;  2-9  with  a  swimming  bladder  ;  and  20  2  with  a 

collodion  membrane.  .    r  ^.i         .4.  c,v« 

CoUoidfl.— There  are  many  fluid-substances  which,  on  account  of  the  great  size  or 


their 
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molecules,  do  not  pass,  or  pass  only  with  difficulty,  through  the  pores  of  a  membrane  impreg- 
nated with  gelatinous  bodies,  which  did'iise  slowly.  These  substances  are  not  actually  in  a  true 
state  of  solution,  but  exist  in  a  very  dilute  condition  of  imbibition.  Such  substances  are  the 
fluid  proteids,  starches,  dextrin,  gum,  and  gelatin.  These  diffuse  when  no  septum  is  present, 
but  diffuse  with  difficulty  or  not  at  all  through  a  porous  septum.  Graham  called  these  sub- 
stances colloids,  because,  when  concentrated,  they  present  a  glue-like  or  gelatinous  appearance ; 
further,  they  do  not  crystallise,  while  those  substances  which  difl'use  readily  are  crystalline,  and 
are  called  crystalloids.  Crystallisable  substances  may  be  separated  from  non-crystallisable  by 
this  process,  which  Graham  called  dialysis.  Mineral  salts  favour  the  passage  of  colloids  through 
membranes. 

That  endosmosis  takes  place  in  the  intestinal  tract,  through  the  mucous 
membrane  and  the  delicate  membranes  of  the  blood  and  lymph-capillaries,  cannot 
be  denied.  On  the  one  side  of  the  membrane,  within  the  intestine,  are  relatively 
concentrated  solutions  of  highly  diflfusible  salts,  peptones,  sugar,  and  soaps,  and 
within  the  blood-vessels  are  the  colloids  which  are  scarcely  diffusible,  t.g.^  the  pro- 
teids of  blood  and  lymph. 

n.  Filtration  is  the  passage  of  fluids  through  the  coarse  intermolecular  pores  of  a  membrane 
owing  to  pressure.  The  greater  the  pressure,'  and  the  larger  and  more  numerous  the  pores,  the 
more  rapidly  does  the  fluid  pass  through  the  membrane  ;  increase  of  temperature  also  accelerates 
it.  Those  substances  which  are  imbibed  by  the  membrane  filter  most  rapidly,  so  that  the  same 
substance  filters  through  different  membranes  with  varying  rapidity.  The  filtration  is  usually 
slower,  the  greater  the  concentration  of  the  fluid.  The  filter  has  the  property  of  retaining  some 
of  the  substances  from  the  solution  passing  through  it,  e.g.,  colloid  substances — or  water  (in 
dilute  solutions  of  nitre).  In  the  former  case,^  the  filtrate  is  more  dilirte,  in  the  latter  more 
concentrated,  than  before  filtration.  Other  substances  filter  without  undergoing  any  change  of 
concentration.  Many  membranes  behave  differently,  according  to  which  surface  is  placed  next 
the  fluid  ;  thus  the  shell-membrane  of  an  egg  permits  filtration  only  from  without  inwards  ; 
[and  the  same  is  true  to  a  much  less  extent  with  filter-paper ;  the  smooth  side  of  the  filter- 
paper  ought  always  to  be  placed  next  the  fluid  to  be  filtered.  The  intact  skin  of  the  grape  pre- 
vents the  entrance  of  fungi  into  the  fruit].  There  is  a  similar  diff'erence  with  the  gastric  and 
intestinal  mucous  membrane. 

[By  using  numerous  layers  of  filter-paper,  many  colloids  and  crystalloids  are  retained  in  the 
filter,  e.g.,  hfemoglobin,  albumin,  and  many  colouring  matters,  especially  aniline  colours,  the  last 
being  arrested  by  glass-wool  {KrysiTislci).'] 

[Filtration  of  Albumin.— Euneberg  finds  that  the  amount  of  albumin  in  pathological  transu- 
dations varies  with  (1)  the  capillary  area,  being  least  in  oedema  of  the  subcutaneous  tissue 
(2)  The  presence  or  absence  of  infiaTumatoTy  ptocesses  in  the  vascular  wall,  non-inflammatory 
pkuritic  eff'usion  containing  2  per  cent.,  and  inflammatory  6  per  cent.,  of  albumin.  (3)  The  con- 
dition and  amount  of  album.in  in  the  hhoocl.  The  amount  of  albumin  in  the  transudate  never 
reaches,  although  it  sometimes  approaches,  that  in  blood.  In  ascites  in  general  dropsy  the 
amount  is  -03  to  -04  per  cent.  (4)  The  duration  of  the  transudation.  (6)  Perhaps  the  blood- 
pressure  and  the  condition  of  the  circulation.] 

^  Filtration  of  the  soluble  substance  may  take  place  from  the  canal  of  the 
digestive  tract  when  : — (1)  The  intestine  contracts  and  thus  exerts  pressure  upon  its 
contents.  This  is  possible  when  the  tube  is  narrowed  at  two  points,  and  the  mus- 
culature between  these  two  points  contracts  upon  the  fluid-contents.  (2)  Filtration, 
under  negative  pressure,  may  be  caused  by  the  villi  {Briicke).  When  the  villi  con- 
tract energetically,  they  empty  their  contents  towards  the  blood-  and  lymph-vessels. 
The  lacteal  remains  empty,  as  the  chyle  is  prevented  from  passing  backwards  into  the 
origin  of  the  lacteal  within  the  villi,  owing  to  the  presence  of  numerous  valves  in 
the  lymphatics.  When  the  villi  relax,  they  are  refilled  with  fluids  from  the  intes- 
tine. 

192.  ABSORPTION  BY  THE  INTESTINAL  WALL. -I.  True  solutions 

undoubtedly  pass  by  endosmosis  into  the  blood-vessels  and  lymphatics  of  the 
intestinal  walls,  but  numerous  facts  indicate  that  the  protoplasm  of  the  cells  takes 
an  active  part  in  the  process  of  absorption.  The  forces  concerned  have  not  as  yet 
been  proved  to  be  purely  physical  and  chemical  in  their  nature, 

(1)  Inorganic  Substances.— Water  and  the  soluble  salts  necessary  for  nutri- 
twn  are  easily  absorbed,  the  latter  especially  by  the  blood-  and  lymph-vessels. 
When  saline  solutions  pass  by  endosmosis  into  the  vessels,  water  must  pass  from 
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the  intestinal  vessels  into  the  intestine.  The  amount  of  water,  however,  is  small, 
owing  to  the  small  endosmotic  equivalent  of  the  salts  to  be  absorbed.  More  salts 
are  absorbed  from  concentrated  than  from  dilute  solutions.  If  large  quantities  of 
salt,  with  a  high  endosmotic  equivalent,  e.g.,  magnesium  or  sodium  sulphate,  are 
introduced  into  the  intestine,  these  salts  retain  the  water  necessary  for  their  solu- 
tion, and  may  thus  cause  diarrhoea.  Conversely,  when  these  substances  are  injected 
into  the  blood,  a  large  quantity  of  water  passes  from  the  intestine  into  the  blood, 
so  that  constipation  occurs,  owing  to  dryness  of  the  intestinal  contents  (Auherl). 

[M.  Hay  concludes  from  his  experiments  (§  161),  that  salts,  when  placed  in  the  intestines, 
do.not  abstract  water  from  the  blood,  or  are  themselves  absorbed,  in  virtue  of  an  endosmotic 
relation  being  established  between  the  blood  and  the  saline  solution  in  the  intestines.  Absorp- 
tion is  probably  duo  to  the  filtration  and  diffusion,  or  processes  of  inhibition  other  than  endos- 
mosis,  as  j'ct  little  understood.  The  result  obtained  by  Aubert,  which  is  not  constant,  is  mostly 
caused  by  the  great  diuresis  which  the  injected  salt  excites.]  The  absorption  of  fluids  takes 
place  best  at  a  medium  pressure  of  80  to  140  c.cm.  of  water  within  the  intestine  ;  higher  pressure 
compresses  the  blood-vessels  and  diminishes  the  absorption.  During  digestion,  owing  to  the 
dilatation  of  the  vessels,  absorption  is  more  rapid.  The  fact  that  0'5  per  cent,  solution  of  NaCl 
is  absorbed  better  than  water,  and  soda  solution  than  potash  solution,  seems  to  show  that 
physical  forces  are  not  the  only  factors  concerned. 

Numerous  inorganic  substances,  which  do  not  occur  in  the  body,  are  absorbed  by  endosmosis 
from  the  intestine,  e.g.,  dilute  sulphuric  acid,  potassium  iodide,  chlorate,  and  bromide,  and 
many  other  salts. 

(2)  The  soluble  carbohydrates,  such  as  the  sugars,  of  which  the  chief  repre- 
sentatives are  dextrose  and  maltose,  with  a  relatively  high  endosmotic  equivalent. 
Cane-sugar  is  changed  by  a  special  ferment  into  invert-sugar  (§  183,  5).  Absorption 
appears  to  take  place  somewhat  slowly,  as  only  very  small  quantities  of  grape-sugar 
are  found  in  the  chyle  vessels,  or  the  portal  vein,  at  any  time.  According  to  v. 
Mering,  the  sugar  passes  from  the  intestine  ■  into  the  rootlets  of  tlie  2^ortal  vein ; 
dextrin  also  occurs  in  the  portal  vein.  When  the  blood  of  the  portal  vein  is  boiled 
with  dilute  sulphuric  acid,  the  amount  of  sugar  is  increased.  The  amount  of  sugar 
absorbed  depends  upon  the  concentration  of  its  solution  in  the  intestine  ;  hence  the 
amount  of  sugar  in  the  blood  is  increased  after  a  diet  containing  much  of  this  sub- 
stance, so  that  it  may  appear  in  the  urine ;  in  which  case  the  blood  must  contain  at 
least  0'6  per  cent,  of  sugar.  A  small  amount  of  cane-sugar  has  also  been 
found  in  the  blood  (CI.  Bernard).  The  sugar  is  used  up  in  the  bodily  metabolism; 
some  of  it  is  perhaps  oxidised  in  the  muscles  (§  176). 

(3)  The  peptones  have  a  small  endosmotic  equivalent,  a  .2  to  9  per  cent,  solution 
=  7  to  10.  Owing  to  their  great  difEusibility  they  are  readily  absorbed,  and  they 
are  the  chief  representatives  of  the  proteids  which  are  absorbed.  The  amount 
absorbed  depends  upon  the  concentration  of  their  solution  in  the  intestine.  When 
animals  are  fed  on  peptones  (with  the  necessary  fat  or  sugar),  they  serve  to  maintain 
the  body-weight.  [According  to  PI6sz  and  Gyorgyai,  Drosdorff  and  Schmidt- 
Mulheim,  peptones  occur  only  in  traces  in  the  blood  of  the  portal  vein.  Neumeister, 
however,  using  the  best  methods,  finds  that  although  peptones  are  abundant  in  the 
intestine,  not  a  trace  of  peptone  or  of  the  albumoses  is  found  either  in  the  blood  cr 
lymph.  This  coincides  with  Hofmeister's  researches,  and  is  of  course  opposed  to 
the  results  of  the  above-named  observers.  As  no  peptones  or  albumoses  have  been 
found  in  the  blood,  and  as  they  can  compensate  for  the  total  metabolism  of  the 
proteids  within  the  body,  we  must  assume  that  they  are  rapidly  converted  into 
true  albuminous  bodies.]  Hofmeister  supposes  that  the  leucocytes  absorb  the 
peptones  and  act  as  their  carriers,  much  as  the  red  corpuscles  are  oxygen  carriers. 
They  carry  the  peptones  into  the  mucous  membrane  of  the  stomach  and  small 
intestine,  which  are  very  rich  in  peptone  at  the  fourth  hour  of  digestion.  [The 
number  of  leucocytes  is  greatly  increased  in  the  mucous  membrane,  especially  in 
the  stomach  and  upper  part  of  the  duodenum,  during  digestion,  and  diminished 
during  fasting  in  dogs  and  cats.    The  same  is  the  case  with  the  lymph-follicles,  the 
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cells  of  whicli  are  ifornied  by  the  division  of  the  pre-existing  cells.]  It  is  asserted 
by  Salvioli  that  the  mucous  membrane  possesses  the  property  of  changing  peptone 
into  albumin. 

[Injection  of  Peptone  into  Blood. — When  peptone  is  injected  into  the  blood  of  an  animal, 
within  twenty  minutes  thereafter  no  trace  of  the  peptone  is  to  be  found  in  tlie  blood,  although 
it  has  not  been  excreted  by  any  of  the  organs.  Peptones  so  -  injected  prevent  the  blood  of  the 
dog  (not  of  the  rabbit  or  pig)  from  coagulating,  lu  large  quantity  they  are  fatal.  Fano  asserts 
that  the  peptone  is  taken  up  by  the  red  blood-corpuscles,  whicli  thus  become  of  greater  specific 
gravity,  and  change  it  into  globulin.  After  three  or  more  hours  the  corpuscles  return  the 
globulin  to  the  blood,  so  that  the  corpuscles  represent  a  reserve  store  of  proteid.  The  peptones 
used  in  these  experiments  were  really  a  mixture  of  peptones  and  albunioses.  Neumeister  finds 
that  in  the  dog,  when  albiunoses  are  injected  into  the  blood  they  reappear  in  the  urine,  but 
somewhere  in  the  body  they  undergo  hydration  in  the  sense  in  which  peptic  digestion  causes 
hydration.  The  two  primary  albumoses  reappear  almost  completely  as  deutero-albumose,  and 
deutero-albumose,  when  introduced,  reappears  as  peptone.  Peptone,  however,  reappears  un- 
changed.   In  rabbits,  albuniose  reappears  unchanged  in  the  urine.] 

(4)  Unchanged  true  proteids  filter  with  great  difficulty,  and  much  albumin 
remains  upon  the  filter.  On  account  of  their  high  endosmotic  equivalent  they  pass 
with  extreme  slowness,  and  only  in  traces,  through  membranes.  Nevertheless,  it 
has  been  conclusively  proved  that  unchanged  proteids  can  be  absorbed  {Briicke), 
e.g.,  casein,  soluble  myosin,  alkali-albuminate,  albumin  mixed  with  common  salt, 
gelatin  ( Voit,  Bauer,  Eichhorst).  They  are  absorbed  even  from  the  large  intestine 
{Czerny  and  Latschenberger),  although  the  human  large  intestine  cannot  absorb 
more  than  6  grms.  daily.  But  the  amount  of  unchanged  proteids  absorbed  is 
always  very  much  less  than  the  amount  of  peptone. 

Egg-albumin  without  common  salt,  syntonin,  serum-albumin,  and  fibrin  arc  not  absorbed 
{EichJiorst).  Landois  observed,  in  the  case  of  a  young  man  who  took  the  whites  of  14  to  20 
■eggs  along  with  NaCl,  that  albumin  was  given  off  by  the  urine  for  4  to  10  hours  thereafter. 
The  amount  of  albumin  given  off  rose  until  the  third  day,  and  ceased  on  the  fifth  day.  The 
more  albumin  taken,  the  sooner  the,  albuminuria  appeared,  and  the  longer  it  lasted.  The 
unchanged  egg-albumin  reappeared  in  the  urine.  If  egg-albumin  be  injected  into  the  blood, 
part  of  it  reappears  in  the  urine  (§  41,  2)  {Stokvis,  Lehmann). 

(5)  The  soluble  fat-soaps  represent  only  a  fraction  of  the  fats  of  the  food  which 
are  absorbed ;  the  greater  part  of  the  neutral  fats  being  absorbed  in  the  form  of 
very  fine  particles — as  an  emulsion  (§  192,  II.).  1h.e  absorbed  soaps  have  been  found 
in  the  chyle,  and  as  the  blood  of  the  portal  vein  contains  more  soaps  during  digestion 
than  during  hunger,  it  has  been  assumed  that  the  soaps  pass  into  the  intestinal 
blood-capillaries.  The  investigations  of  Lenz,  Bidder,  and  Schmidt,  render  it 
probable  that  the  organism  can  absorb  only  a  limited  amount  of  fat  within  a  given 
period  ;  the  amount  perhaps  bears  a  relation  to  the  amount  of  bile  and  pancreatic 
juice.    The  maximum  per  kilo,  (cat)  was  O'G  grms.  of  fat  per  hour. 

Perhaps  the  soaps  reunite  with  glycerine  in  the  parenchyma  of  the  villi,  to  form 
neutral  fats,  as  Perewoznikoff  and  Will  found  neutral  fats,  after  injecting  these  two 
ingredients  into  the  intestinal  canal,  while  Ewald  found  that  fat  was  formed  when 
soaps  and  glycerine  were  brought  into  contact  with  the  fresh  intestinal  mucous 
membrane.  Perhaps  this  is  the  explanation  of  the  observation  of  Bruch,  who 
found  fatty  particles  within  the  blood-vessels  of  the  villi.  No  fatty-acids  are 
found  in  blood,  or  chyle. 

Absorption  of  other  Substances. —Of  soluble  substances  which  are  introduced  into  the  intes- 
tinal canal,  some  are  absorbed  and  others  are  not.  The  following  are  absorbed  :— alcohol,  part 
of  which  appears  in  the  urine  (not  in  the  expired  air),  viz.,  that  part  which  is  not  changed  into 
CO2  and  H2O,  within  the  body;  tartaric,  citric,  malic,  and  lactic  acids  ;  glycerine,  inuliu  ;  gum 
and  vegetable  mucin,  which  give  rise  to  the  formation  of  glycogen  in  the  liver. 

Amongst  colouring  matters,  alizarin  (from  madder),  alkannet,  indigo-sulphuric  acid,  and  its 
soda-salt  are  absorbed ;  hrematin  is  partly  absorbed,  while  chlorophyll  is  not.  Metallic  salts 
seem  to  be  kept  in  solution  by  proteids,  are  perhaps  absorbed  along  "with  them,  and  are  partly 
earned  by  the  blood  of  the  portal  vein  to  the  liver  (ferric  sulphate  has  been  found  in  chyle). 
JNumerous  poisons  are  very  rapidly  absorbed,  e.g.,  hydrocyanic  acid  after  a  few  seconds  ;  potas- 
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suim  cyanido  has  boon  found  m  tho  cliylo.  [If  salts  (KI,  sulphocyanide  of  ammonium)  be 
lujectci  into  a  lisaturod  loop  ot  intestine  (dog,  cat,  rabbit),  these  substances  are  absorbed  both 
by-tbe  blood-  and  lymph-vessels,  and  in  both  nearly  simultaneously.]  Even  for  the  absorption 
ot  complotely  lluid  substances,  endosmosis  and  filtration  seem  to  be  scarcely  sufficient  An 
active  participation  of  the  protoplasm  of  the  cells  seems  here  also— in  part  at  least— to  be 
necessary,  else  it  is  difhcult  to  explain  how  very  slight  disturbances  in  the  activity  of  these 
''^T'.^l-f-.'  intestinal  catarrh,  cause  sudden  variations  of  absorption,  and  even  the  passage 
of  fluids  into  the  intestine.        '  is 

If  absorption  were  due  to  dilTusion  alone,  when  alcohol  is  injected  into  the  intestine, .  water 
ought  to  pass  into  the  intestine,  but  this  does  not  occur.  Brieger  found  that  the  injection  of  u 
O-o  to  1  per  cent,  solution  of  salts  into  a  ligatured  loop  of  intestine  did  not  cause  water  to  pa.ss 
into  tho  intestine ;  but  it  appeared  when  a  20  per  cent,  solution  was  injected. 

II.  Absorption  of  the  Smallest  Particles.— The  largest  amount  of  the  fats  h 
absorbed  in  the  form  of  a  milk-like  emulsion,  formed  by  the  action  of  the  bile  and 
the  pancreatic  juice,  and  consisting  of  excessively  small  granules  of  uniform  size 
(§  170,  III.;  §  181),  The  fats  themselves  are  not  chemically  changed,  but  remain 
as  undecomposed  neutral  fats.  The  particles  seem  to  be  surrounded  by  a  delicate 
albuminous  envelope,  or  haptogen  membrane,  partly  derived  from  the  pancreatic 
juice  [probably  from  its  alkali-albuminate].  The  villi  of  the  small  intestine  are 
the  chief  organs  concerned  in  the  absorption  of  the  fatty  emulsion,  but  the  epithe- 
lium of  the  stomach  and  that  of  the  large  intestine  also  take  a  part.  The  fatty 
granules  are  recognised  in  the  villi— (1)  "Within  the  delicate  canals  t  (§  190)  in  the 
clear  band  of  the  epithelium  {KolliJcer).  [It  is  highly  doubtful  if  the  vertical  lines 
seen  in  the  clear  disc  of  the  epithelium  of  the  intestine  are  due  to  pores.]  (2)  The 
protoplasm  of  the  epithelial  cells  is  loaded  with  fatty  granules  of  various  sizes 
during  the  time  of  absorption,  while  the  nuclei  of  the  cells  remain  free,  although, 
from  the  amount  of  fat  within  the  cells,  it  is  often  difficult  to  distinguish  them. 
(3)  The  granules  pass  into  the  spaces  of  the  parenchyma  of  the  villi;  these  spaces 
communicate  freely  with  each  other.  (4)  The  origin  of  the  lacteal  in  the  axis  of 
the  villus  is  found  to  be  filled  with  fatty  granules.  The  amount  of  fat  in  the  chyle 
of  a  dog,  after  a  fatty  meal,  is  8  to  10  per  cent.,  while  the  fat  disappears  from  the 
bipod  within  thirty  hours. 

With  regard  to  the  forces  concerned  in  the  absorption  of  fats,  v.  Wisting- 
hausen  proved,  that  when  a  porous  membrane  is  moistened  with  bile,  the  passage 
of  fatty  particles  through  it  is  thereby  facilitated,  but  this  fact  alone  does  not  ex- 
plain the  copious  and  rapid  absorption  of  fats.  It  is  possible  that  the  protoplasm 
of  the  epithelial  cells  is  actively  concerned  in  the  process,  and  that  it  takes  the 
particles  into  its  interior.  Perhaps  a  fine  protoplasmic  process  is  thrown  out  by 
these  cells,  just  as  pseudopodia  are  thrown  out  and  retracted  by  lower  organisms. 
It  is  possible  that  absorption  may  take  place  through  the  open  mouths  of  the 
goblet-cells.  The  protoplasm  of  the  epithelial  cells  is  in  direct  communication  with 
the  numerous  protoplasmic  lymph-cells  within  the  reticulum  of  the  villi,  so  that  the 
particles  may  pass  into  these,  and  from  them  through  the  stomata  (?)  between  the 
endothelial  cells  into  the  central  lacteal  of  the  villus.  According  to  this  view,  the 
absorption  of  fatty  particles,  and  perhaps  also  the  absorption  of  true  proteids,  is 
due  to  an  active  vital  process,  as  indicated  by  the  observations  of  Briicke  and  v. 
Thanhoffer.  This  view  is  supported  by  the  observation  of  Griinhagen,  that  the 
absorption  of  fatty  particles  in  the  frog  is  most  active  at  the  temperature  at  which 
the  motor  phenomena  of  protoplasm  are  most  lively.  That  it  is  due  to  simple 
filtration  alone  is  not  a  satisfactory  explanation,  for  the  amount  of  fatty  particles 
in  the  chyle  is  independent  of  the  amount  of  water  in  it.  If  absorption  were  chiefly 
due  to  filtration,  we  would  expect  that  there  would  most  probably  be  a  direct  re- 
lation between  the  amount  of  water  and  fat  (Ludivuj  and  Zawilsh/).  [The 
observations  of  Watney  have  led  him  to  suppose  that  the  fatty  particles  do  not 
pass  through  the  cell  protoplasm  to  reach  the  lacteal,  but  that  they  pass  through 
the  cement-substance  between  the  epithelial  cells  covering  a  villus.    If  this  view  be 
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correct,  the  absorbing  surface  is  thereby  greatly  diminished.  Zuwarykin  and 
Schiifer  suggest  that  the  leucocytes,  which  have  been  observed  between  the  columnar 
cells  of  the  villi  of  the  small  intestine,  are  carriers  of  at  least  jjart  of  the  fat  from 
the  lumen  of  the  gut  to  the  lacteal ;  they  also,  perhaps,  alter  it  for  further  use  in  the 
economy.  According  to  Zuwarykin,  Peyer's  patches  in  the  rabbit  seem  to  be 
especially  active  in  the  absorption  of  fat,  so  that  he  attaches  great  importance  to 
the  leucocytes  of  the  adenoid  tissue  in  the  absorption  of  fat.] 

[According  to  Griiiihagen  there  are  several  channels  for  the  absorption  of  fats,  but  they  are 
difl'erent  in  different  animals.  Some  are  absorbed  by  the  columnar  epithelium  cells  themselves, 
and  some  passes  between  them.] 

The  activity  of  the  cells  of  the  intestine  with  pseudopodial  processes  may  be  studied  in  the 
intestinal  canal  of  Distomum  hepaticum.  Sommer  has  figured  these  pseudopodial  processes 
actively  engaged  in  the  absorption  of  particles  from  the  intestine. 

193.  INFLUENCE  OF  THE  NERVOUS  SYSTEM.— With  regard  to  the 
influence  of  the  nervous  system  upon  intestinal  absorption,  we  know  very  little. 
After  extirpation  of  the  semi-lunar  ganglion,  as  well  as  after  section  of  the  mesen- 
teric nerves  (AToreau),  the  intestinal  contents  become  more  fluid,  and  are  increased 
in  amount  (§  183).  This  may  be  partly  due  to  diminished  absorption.  V.  Than- 
hoffer  states  that  he  observed  the  protrusion  of  threads  from  the  epithelial  cells  of 
the  small  intestine  only  after  the  spinal  cord,  or  the  dorsal  nerves,  had  been  divided 
for  some  time. 

194.  "NUTEIENT  ENEMATA."— In  cases  where  food  cannot  be  taken  by  the  mouth,  e.g., 
in  stricture  of  the  cesophagus,  continued  vomiting,  &c.,  food  is  given  per  rectum.  As  the  diges- 
tive activity  of  the  large  intestine  is  very  slight,  fluid  food  ought  to  be  given  in  a  condition 
ready  to  be  absorbed,  and  this  is  best  done  by  introducing  it  into  the  rectum  through  a  tube 
with  a  funnel  attached,  and  allo\ving  the  food  to  pass  in  slowly  by  its  own  weight.  The  patient 
must  endeavour  to  retain  the  enema  as  long  as  possible.  When  the  fluid  is  slowly  and  gradu- 
ally introduced,  it  may  pass  above  the  ileo-csecal  valve. 

Solutions  of  grape-sugar,  and  perhaps  a  small  amount  of  soap  solution,  are  useful ;  and 
amongst  nitrogenous  substances  the  commercial  flesh-,  bread-,  or  milk-peptones  of  Sanders-Ezn, 
Adamkiewicz,  in  Germany,  and  Darby's  fluid  meat,  and  Carnrick's  beef-pcptonoids  in  this 
country,  are  to  be  recommended.  The  amount  of  peptone  required  is  I'll  grm.  per  kilo,  of 
body- weight  {Catillon) ;  less  useful  are  butter-milk,  egg-albumin  with  common  salt.  Leube 
uses  a  mixture  of  150  grms.  flesh,  with  50  gi-ms.  pancreas  and  100  grms.  water,  which  he 
slowly  injects  into  the  rectum,  where  the  proteids  are  peptonised  and  absorbed.  [Peptouised 
food  i^repared  after  the  method  of  Roberts  is  very  useful  (§  172).]  The  method  of  nutrient 
enemata  only  permits  imperfect  nutrition,  and  at  most  only  \  of  the  proteids  necessary  for 
maintaining  the  metaboUsm  of  the  body  is  absorbed  {v.  Voit,  Bauer). 

195.  CHYLE-VESSELS  AND  LYMPHATICS.— Lymphatics.— Within  the  tissues  of  the 
body,  and  even  in  those  tissues  which  do  not  contain  blood-vessels,  e.g.,  the  cornea,  or  in  those 
which  contain  few  blood-vessels,  there  exists  a  system  of  vessels  or  channels  which  contain  the 
juices  of  the  tissues,  and  within  these  vessels  the  fluid  always  moves  in  a  centripetal  direction. 
These  canals  arise  within  the  tissues  in  a  variety  of  ways,  and  unite  in  their  course  to  form 
delicate  and  afterwards  thicker  tubes,  which  ultimately  terminate  in  two  large  trunks  which 
open  at  the  junction  of  the  jugular  and  subclavian  veins  ;  that  on  the  left  side  is  the  thoracic 
duct,  and  that  on  the  right,  the  right  lymphatic  trunk. 

With  regard  to  the  lymph  and  its  movements  in  different  organs,  it  is  to  be  noticed 
that  this  occurs  in  different  ways  in  different  places.  (1)  In  many  tissues,  the  lymph- 
atics represent  the  nutrient  channels,  by  which  the  fluid  tliat  transudes  through  the 
neighbouring  vessels  is  dis-tributed,  as  in  the  cornea  and  in  many  connective-tissues. 
(2)  In  many  tissues,  as  in  glands,  e.g.,  the  salivary  glands  and  the  testis,  the  lymph- 
spaces  are  the  chief  reservoirs  for  fluid,  from  which  the  cells  during  the  act  of 
secretion  derive  the  fluid  necessary  for  that  process.  (3)  The  lymphatics  have  the 
general  function  of  collecting  the  fluid  which  saturates  the  tissues,  and  carrying  it 
back  again  to  the  blood.  The  capillary  blood-system  may  be  regarded  as  an  irriga-' 
tion  system,  which  supplies  the  tissues  with  nutrient  fluids,  while  the  lymphatic 
system  may  be  regarded  as  a  drainage  apparatus,  which  conducts  away  the  fluids 
that  have  transuded  through  the  capillary,  walls.    Some  of  the  decomposition  pro- 
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ducts  of  the  tissues,  proofs  of  their  retrogressive' metabolism,  become  mixed  with 
the  lymph-stream,  so  that  the  lymphatics  are  at  the  same  time  absorbing  vessels 
►Substances  introduced  into  the  parenchyma  of  the  tissues  in  other  ways,  e.g.,  by 
subcutaneous  injection,  are  partly  absorbed  by  the  lymphatics.  A  study  of  these 
conditions  shows  that  the  lymphatic  system  represents  an  appendix  to  the  blood- 
vascular  system,  and  further  that  there  can  be  no  lymph  system  when  the  blood- 
stream IS  completely  arrested ;  it  acts  only  as  a  part  of  the  whole,  and  with  the  whole. 

Lacteals.— When  we  speak  of  the  lymphatics  proper  as  against  the  chyle-vesseh 
or  lacteals,  we  do  so  from  anatomical  reasons,  because  the  important  and  consider- 
able lymphatic  channels  coming  from  the  whole  of  the  intestinal  tract  are,  in  a 
certain  sense,  a  fairly  independent  province  of  the  lymphatic  vascular  area,  and  are 
endowed  with  a  high  absorptive  activity/,  which,  from  ancient  times,  has  attracted 
the  notice  of  observers.  The  contents  of  the  chyle-vessels  or  lacteals  are  mixed 
with  a  large  amount  of  fatty  granules,  giving  the  chyle  a  tvhite  colour,  which  dis-. 
tinguishes  them  at  once  from  the  true  lymphatics  with  their  clear  watery  contents. 
From  a  physiological  point  of  view,  however,  the  lacteals  must  be  classified  with 
the  lymphatics,  for,  as  regards  their  structure  and  function,  they  are  true  lymphatics, 
and  their  contents  consist  of  true  lymph  mixed  with  a  large  amount  of  absorbed 
substances,  chiefly  fatty  granules.  [The  contents  of  the  lacteals  are  white  only 
during  digestion,  at  other  times  they  are  clear  like  lymph.] 

196.  ORIGIN  OF  THE  LYMPHATICS.— (1)  Origin  in  Spaces. —Within  the  connective- 

tissues  (connective-tissue  proper,  bone)  are  numerous  stellate,  irregular,  or  branched  spaces, 

which  communicate  with  each  other  by 
numerous  tubular  processes  (fig.  216,  s) ; 
in  these  communicating  spaces  lie  the 
cellular  elements  of  these  tissues.  These 
spaces,  however,  arc  not  completel)'  filled 
by  the  cells,  but  an  interval  exists  between 
the  body  of  the  cell  and  the  wall  of  the 
space,  which  is  greater  or  less  according 
to  the  condition  of  movement  of  the  proto- 
plasmic cell.  These  spaces  are  the  so- 
called  "juice  canals"  or  Saft-canalchen," 
and  they  represent  the  origin  of  the  lym- 
phatic vessels  {v.  Recklinghausen).  As 
they  communicate  with  neighbouring 
spaces,  the  movement  of  the  lymph  is 
provided  for.  The  cells  which  lie  in  the 
spaces  exhibit  amceboid  movements. 
Some  of  these  cells  remain  permanently 
each  in  its  own  space,  within  which, 
however,  it  may  change  its  form — these 
are  the  so-called  "fixed  connective- 
tissue  corpuscles,"  and  bone  corpuscles — 
while  others  merely  wander  or  pass  into 
these  spaces,  and  are  called  ' '  wandering 
cells,"  or  "leucocytes";  but  the  latter 
.  .  are  merely  lymph-corjjuscles,  or  colourless 

Origm  of  lymphatics  from  the  central  tendon  of  the  blood-corpuscles  which  have  passed  out  of 
diaphragm  stained  with  nitrate  of  silver,  s,  the  the  blood-vessels  into  the  origin  of  the 
juice-canals,  communicating  at  x  with  the  lym.  lymphatics.  These  cells  exhibit  ainojboid 
phatics  ;  a,  origin  of  the  lymphatics  by  the  conflu-  movements.  These  spaces  communicate 
ence  of  several  juice-canals.  -^th  the  small  tubular  lymphatics— the 

so-called  lymph-capillaries  (L).  The  spaces  lie  close  together,  where  they  pass  into  a  lymph- 
capillary  (a).  The  lymph-capillary,  which  is  usually  of  greater  diameter  than  the  blood- 
capillary,  generally  lies  in  the  middle  of  the  space  within  the  capillary  arch  (13).  The  finest 
lymphatics  are  lined  by  a  layer  of  delicate,  nucleated,  endothelial  cells  (<-•,  c),  with  characteristic 
sinuous  margins,  whose  characters  are  easily  revealed  by  the  action  of  silver  nitrate  (fig.  '217,  L). 
This  substance  blackens  the  cement-substance  which  holds  the  endothelial  cells  together. 
Between  the  endothelial  cells  are  small  holes,  or  stomata,  by  means  of  which  the  lymph-capil- 
laries communicate  (at  x)  with  the  juiceTcanals. 


Fig.  216. 
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It  is  assumed  by  Arnold  that  the  blood-vessels  commuiucate  with  the  juice-canals,  and  that 
fluid  passes  out  of  the  thin-walled  capillaries  through  their  stomata  into  these  spaces  (§  65). 
This  fluid  nourishes  the  tissues,  the  tissues  take  up  the  substances  appropriate  to  each,  while 
the  efl'ote  materials  pass  back  into  the  spaces,  and  from  these  reach  the  lymphatics,  which 
ultimately  discharge  them  into  the  venous  blood. 

"Whether  the  cells  within  these  spaces  are  actively  concerned  in  the  pouring  out  of  the  blood, 
plasma,  or  take  part  in  its  movement,  is  matter  of  conjecture.  We  can  imagine  that  by  con- 
tracting their  body,  after  it  has 
been  impregnated  with  lluid,  this 
fluid  may  be  propelled  from  space 
to  space  towards  the  lymphatics. 
The  leucocytes  wander  through 
these  spaces  until  they  pass  into 
the  lymphatics.  Fine  particles 
which  are  contained  in  these  spaces 
— e.g.,  after  tattooing  the  skin, 
and  even  fatty  particles  after  in- 
unction—  are  absorbed  by  the 
leucocytes,  and  carried  by  them  to 
other  parts  of  the  body.  [The 
pigment  particles  used  to  tattoo  the 
linger  are  usually  found  within  the 
first  lymphatic  gland  at  the  elbow.] 

The  migration  of  cellular 
elements  from  the  blood-vessels 
into  the  origin  of  the  lym- 
phatics is  to  be  considered  as 
a  normal  process.  Granular 
colouring-matter  passes  from 
the  blood  into  the  protoplasmic 
body  of  the  cells  within  the 

lymph-spaces  ;  and  only  when  ]7jg  217 

the  granular  pigment  is  in  Pleural  surface  of  the  central  tendon  of  the  diaphragm  of 
large  amount,  does  it  appear  the  rabbit  stained  with  silver  nitrate.  L,  lymphatic  with 
as  a  granular  injection  in  the  its  sinuous  endothelium;  c,  cells  of  the  connective-tissue 
branches  of  the  juice-spaces.        l^rought  into  view  by  the  silver  nitrate. 

(2)  Origin  within  villi— i.e.,  of  the  chyle  vessel  or  lacteal— has  been  described  (§  190). 

(3)  Origin  in  perivascular  spaces  (fig.  218).— The  smallest  blood-vessels  of  bone,  the  central 
nervous  system,  retina  and  the  liver,  are  completely  surrounded  by  wide  lymphatic  tubes,  so 
that  the  blood-vessels  are  completely  bathed  by  a  lymph-stream.  In  the  brain  these  lymphatics 
are  partly  composed  of  delicate  connective-tissue  fibres,  which  traverse  the  lymph-space  and 
become  attached  to  the  wall  of  the  included  blood-vessel.  Fig.  218,  B,  represents  a  transverse 
section  of  a  small  blood-vessel,  B,  from  the  brain  ;  p  is  the  divided  perivascular  space.  This 
space  IS  called  the  perivascular  space  of  His,  but  in  addition  to  it  the  blood-vessels  of  the  brain 
have  a  lymph-space  within  the  adventitia  of  the  blood-vessels  ( Virehoiu- Robin's  space).  It  is 
partly  lined  by  well-defined  endothelium.  Where  the  blood-vessels  begin  to  increase  consider- 
ably m  diameter,  they  pass  through  the  wall  of  the  lymphatics,  and  the  two  vessels  afterwards 
take  separate  courses.  In  all  cases,  where  there  is  a  perivascular  space,  the  passage  of  lymph- 
and  blood-corpuscles  into  the  lymphatics  is  greatly  facilitated.  In  the  tortoise  the  large  blood- 
vessels are  often  surrounded  with  perivascular  lymphatics.  Fig.  218,  A,  gives  a  i^epresentation 
ot  the  aorta  surrounded  by  a  perivascular  space  which  is  visible  to  the  unaided  eye.  In  mam- 
mals the  perivascular  spaces  are  microscopic. 

(4)  Origin  in  the  form  of  interstitial  slits  within  organs.— Within  the  testis  the  lymphatics 
begin  simply  m  the  form  of  numerous  slits,  which  occur  between  the  coils  and  twists  of  the 
seminal  tubules.  They  take  the  form  of  elongated  spaces  bounded  by  the  curved  cylindrical 
surtaces  ot  the  tubules.  The  surfaces,  however,  are  covered  with  endothelium.  The  lymphatics 
ot  the  testis  get  independent  walls  after  they  leave  the  parenchyma  of  the  organ.  In  many 
otner  glands  the  gland-substance  is  similarly  surrounded  by  a  lymph-space.  The  blood-vessels 
pour  the  lymph  into  these  spaces,  and  from  them  the  secreting  cells  obtain  the  materials 
necessary  for  the  formation  of  their  secretion. 

(5)  Origin  by  means  of  free  stomata  on  the  walls  of  the  larger  serous  cavities,  which  (fig. 
|ii9,  a)  communicate  freely  with  the  lymphatics.  The  investigation  of  the  serous  surfaces  is 
most  easily  accomplished  on  the  septum  of  the  gi-eat  abdominal  lymph-sac  of  the  frog.  Silver 
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nitrate  reveals  the  presence  of  relatively  largo  free  openings  or  stomata  lying  between  the 
endothelium.  Each  stoma  is  bounded  by  several  germinating  cells,  wliicli  have  a  granular 
appearance,  and  undergo  a  change  of  shape,  so  that  the  size  of  the  stoma  depends  upon  the 
degree  of  contraction  of  these  colls  ;  thus  the  stoma  may  be  open  («),  half-ojjen  (6),  or  com- 
pletely closed  (c).  These  stomata  are  the  origin  of  the  lymphatics.  The  serous  cavities 
belong  therefore  to  the  lymphatic  system,  and  lluids  placed  in  the  serous  cavities  readily  pass 


Fig.  218. 

Perivascular  lymphatics.    A,  aorta  of  tortoise  ;  - 
B,  artery  from  the  brain. 


Fig.  219. 

Stomata  in  the  great  lymph-sac  (frog), 
a,  open  ;  h,  half-closed  ;  c,  closed. 


into  the  lymphatics.  The  cavities  of  the  peritoneum,  pleura,  pericardium,  tunica  vaginalis, 
testis,  arachnoid  space,  aqueous  chambers  of  the  eye,  and  the  labyrinth  of  the  ear,  are  true  lymph- 
cavities,  and  the  fluid  they  contain  is  to  be  regarded  as  lymph.  [Hoffmann  has  found  that  a 
nerve-fibre  surrounds  the  stomata  in  the  frog  and  sends  branches  between  the  germinal  epi- 
thelium.] 

(6)  Free  open  pores  have  been  observed  on  some  mucous  membranes,  which  are  regarded  as 
the  origin  of  lymphatics,  e.g.,  in  the  bronchi,  nasal  mucous  membrane,  trachea,  and  larynx. 

Structure. — The  larger  lymphatics  resemble  in  structure  the  veins  of  corresponding  size.  The 
valves  are  particularly  numerous  in  the  lymphatics,  so  that  a  distended  lymphatic  resembles  a 
chain  of  pearls.    [Lymphatics  have  dilations  here  and  there  in  their  course  (fig.  217).] 

197.  THE  LYMPH-GLANDS.— The  lymphatic  glands  belong  to  the  lymph 
apparatus.    They  are  incorrectly  termed  glands,  as  they  are  merely  much  branched 

lacunar  labyrinthine  spaces 
composed  of  adenoid  tissue, 
and  intercalated  in  the  course 
of  the  lymphatic  vessels. 
There  are  simple  and  com- 
pound lymph-glands. 

(1)  The  simple  lymph-glands, 
B  or,  more  correctly,  lymph-follicles, 
are  small  rounded  bodies,  about 
the  size  of  a  pin-head.  They 
consist  of  a  mass  of  adenoid  tissue 
(tig.  220,  A),  i.e.,  of  a  very  delicate 
network  of  fine  reticular  fibres 
with  nuclei  at  their  points  of 
Fig  220  intersection,  and  in  the  spaces  of 

m      ,       1,  <•  IT  1        A  11  r  IT  1    1  •  1 1  -c  1  the  meshwork  lie  the  lymph  and 

Two  lymph-folhcles.  A,  a  small  folhcle  highly  magnified,  j  ]y„,ph.corpuscles.  Near  the 
showing  the  adenoid  reticulum  ;  B,  a  follicle  less  l"gWy  surface,  the  tissue  is  somewhat 
magnified,  showing  injected  blood-vessels.  ^^^^^g^. '  ^  ^^^^^^^^^^^ 

which  is  not  however  a  true  capsule,  as  it  is  permeated  with  numerous  small  sponge-like  sjwces. 
Small  lymphatics  come  directly  into  contact  with  these  lymph-follicles,  and  often  cover  their 
surface  in  the  form  of  a  close  network.  The  surface  of  the  lymph-follicles  is  not  unfrequcntly 
placed  in  the  wall  of  a  lymph-vessel,  so  that  it  is  directly  bathed  by  the  lymph-stream. 
Although  no  direct  canal-like  opening  leads  from  the  follicle  into  the  lymphatic,  stream  in 
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roliition  with  it,  a  conimuuieation  must  exist,  nnd  this  is  obtained  by  the  numerous  spaces  iu  the 
follicle  itself,  so  that  a  lymph-follicle  is  a  true  lymphatic  apparatus  whose  juices  and  lymph- 
corpuscles  can  pass  into  the  nearest  lymphatic.  The  follicles  are  surrounded  by  a  network  of 
blood-vessels  which  sends  loops  of  capillaries  into  their  interior  (lig.  220,  B).  We  may  assume 
that  lymph-corpuscles  pass  from  these  capillaries  into  the  follicle. 

In  connection  with  these  follicles,  including  those  of  the  back  of  the  tongue,  the  solitary 
glands  of  the  intestine  and  the  adenoid  tissue  in  the  bronchial  tract,  the  tonsils,  and  Peyer'a 
jiatchos,  it  is  important  to  remember  that  enormous  numbers  of  leucocytes  pass  out  between 
the  epithelial  colls  covering  these  follicles.  The  extruded  leucocytes  undergo  disintegration 
subsequcntlj^ 

(2)  The  compound  lymph-glands — the  lymphatic  glands — represent  a  collection  of  lymph- 
follicles,  whose  form  is  somewhat  altered.  Every  lymph-glaud  is  covered  externally  with  a. 
connective-tissue  capsiile  (lig.  221,  c),  which  contains  numerous  non-striped  muscular  fibi'cs. 
From  its  inner  surface,  numerous  ^  ^ 

septa  and  trabeculii?(<;\)pass  into  the 
interior,  so  that  the  gland-substance 
is  divided  into  a  large  number  of 
compartments.  These  compartments 
in  the  cortical  portion  of  the  gland 
have  a  somewhat  rounded  form,  and 
constitute  the  alveoli,  while  in  the 
medullary  portion  they  have  a  more 
elongated  and  irregular  form.  [On 
making  a  section  of  a  lymph-gland 
we  can  readily  distinguish  the  cor- 
tical from  the  medullary  portion  of 
the  gland.]  All  the  compartments 
are  of  equal  dignity,  and  they  all 
communicate  with  each  other  by 
means  of  openings,  so  that  the  septa 
bound  a  rich  network  of  spaces 
within  the  gland,  which  communi- 
cate on  all  sides  with  each  other. 

These  spaces  are  traversed  by  the 
follicular  threads  (fig.  222,  /,  /). 
These  rejiresent  the  contents  of  the 
spaces,  but  are  smaller  than  the 
spaces  in  which  they  lie,  and  do  not  Diagrammatic  section  of  a  lymphatic  gland,    a.l.,  afferent, 
come  into  contact  anywhere  with     e.l.,  efferent,  lymphatics;  C,  cortical  substance;  M, 
the  walls  of  the  spaces.    If  we     reticular  cords  of  medulla  ;  l.s,  lymph-sinus  ;  c,  capsule, 
imagine  the  spaces  to  be  injected     with  trabeculpe,  tr. 
with   a    mass,    which  ultimately 

shrinks  to  one-half  of  its  original  volume,  we  obtain  a  conception  of  the  relation  of  these 
follicular  threads  to  the  spaces  of  the  gland.  The  blood-vessels  of  the  gland  [h)  lie  within 
these  follicular  threads.  They  are  surrounded  by  a  tolerably  thick  crust  of  adenoid  tissue, 
with  very  fine  meshes  (x,  x)  filled  with  lymph-corpus-cles,  and  with  its  surface  (0,  0)  covered  hy 
the  cells  of  the  adenoid  reticulum,  in  such  a  way  as  to  leave  free  conmiunications  through 
the  narrow  meshes. 

Between  the  surface  of  the  follicular  threads  and  the  inner  wall  of  all  the  spaces  of  the 
gland,  lies  the  lymph-channel  or  lymph-path  (B,  B),  which  is  traversed  by  a  reticulum  of 
adenoid  tissue,  containing  relatively  few  lymph-corpuscles.  It  is  very  probable  that  these 
lymph-paths  are  lined  by  endothelium. 

The  vasa  afferentia  (fig.  221,  a.l.),  of  which  there  are  usually  several,  expand  upon  the 
surface  of  the  gland,  perforate  the  outer  capsule,  and  pour  their  contents  into  the  lymph-paths 
of  the  gland  (C).  The  vasa  efferentia,  which  are  less  numerous  than  the  afferentia,  and  come 
out  at  the  hilum,  form  large,  wide,  almost  cavernous  dilatations,  and  they  anastomose  near 
the  gland  [c.l.).  Through  them  the  lymph  passes  out  at  the  opposite  surface  of  the  gland. 
The  Ivmph  percolates  through  the  gland,  and  passes  along  the  lymph-paths,  which  represent 
a  kind  ot  rete  mirabile  interposed  between  the  aflerent  and  efferent  lymph-vessels. 

During  its  passage  through  this  complicated  branched  system  of  spaces,  the  movement  of 
the  lymph  through  the  gland  is. retarded,  and,  owing  to  the  numerous  resistances  which  occur 
in  Its  path,  it  has  very  little  propulsive  energy.  The  lymph-corpuscles  which  lie  in  the 
meshes  of  the  adenoid  reticulum  are  washed  out  of  the  gland  by  the  lymph-stream.  The 
lymph-corpuscles  lying  within  the  follicular  threads  pass  through  the  narrow  meshes  (0)  into 
the  lymph-paths.  The  formation  of  lymph-corpuscles  either  occurs  locally,  from  division  of 
the  pre-existin''  cells  or  new  leucocytes  wander  out  into  the  follicular  threads.  The  movement 
ot  tlie  lymph  through  the  gland  is  favoured  by  the  muscular  action  of  the  capsule.    When  the 


Fig.  221. 
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cnpsulo  contracts  energetically,  it  niu.st  coiiiiircss  the  gland  like  a  sponge,  and  the  dii-ection  in 
which  the  iluid  moves  is  regulated  by  tlie  position  and  arrangement  of  the  valves. 


Fart  of  a  lymphatic  gland.  A,  vas  afferens  ;  B,  B,  lymph-paths  ;  a,  a,  trabeculis  seen  on 
edge  ;  /,  /,  follicular  strand  from  the  medulla  ;  x,  o:,  its  adenoid  reticulum ;  h,  its  blood- 
vessels ;  0,  0,  narrow-xaeshed  part  limiting  the  follicular  strands  from  the  lymph-path. 

Chemistry.— In  addition  to  the  constituents  of  lymph,  the  following  chemical  substances 
have  been  found  in  lymphatic  glands  : — leucin  and  xanthin. 

198.  PROPERTIES  OF  CHYLE  AND  LYMPH.— Chyle  and  lympli  are 

albuminous,  colourless,  clear  juices,  containing  lymph-corpuscles,  which  are  identical 
with  the  colourless  blood-corpuscles  (§  9).  In  some  places,  e.(/.,  in  the  lymphatics 
of  the  spleen,  especially,  in  starving  animals,  and  in  the  thoracic  duct,  a  few  coloured 
blood-corpuscles  have  been  found.  The  lymph-corpuscles  are  supplied  to  the  lymph 
and  chyle  from  the  lymphatic  glands  and  the  adenoid  tissue.  As  to  their  source 
see  §  200,  2.  They  also  pass  out  of  the  blood-vessels  and  Avander  into  the 
lymphatics.  As  red  blood-corpuscles  have  also  been  seen  to  pass  out  of  the  blood- 
vessels, this  explains  the  occasional  presence  of  these  corpuscles  in  some  lymphatics ; 
but  when  the  pressure  within  the  veins  is  high,  near  the  central  orifice  of  the 
thoracic  duct,  red  blood-corpuscles  may  pass  into  the  thoracic  duct.  But  we  are 
not  entitled  to  conclude  from  their  pressure  that  lymph-cells  form  red  blood- 
corpuscles.  In  addition,  the  chyle  contains  numerous  fatty  granules,  each  sur- 
rounded with  an  albuminous  envelope.  [Thus  the  chyle,  in  addition  to  the  con- 
stituents of  the  lymph,  contains,  especially  during  digestion,  a  very  large  amount 
of  fat,  in  the  form  of  the  finely-emulsionised  fat  of  the  food,  which  gives  it  its 
characteristic  ivhite  or  milky  appearance.  During  hunger,  the  fluid  in  the  lac- 
teals  resembles  ordinary  lymph.  The  fine  fat-granules  constitute  the  so-called 
molecular  basis  "  of  the  chyle.] 


COMPOSITION  OF  LYMPH  AND  CHYLE. 


Composition  of  Lymph. — The  lymph  consists  of  lymph-plasma  with  lymph- 
corpuscles  suspended  in  it.  The  corpuscles  or  leucocytes  are  described  in  §  24. 
The  lymph-plasma  contains  the  three  so-called  fibrin-factors,  derived  very  probably 
from  the  breaking  up  of  lymph-corpuscles  (§  29).  When  lymph  is  withdrawn 
from  the  body,  these  substances  cause  it  to  coagulate.  Coagulation  occurs  slowly, 
owing  to  the  formation  of  a  soft,  jelly-like,  small  "lymph-clot,"  which  contains 
most  of  the  lymph-corpuscles.  The  exuded  fluid  or  lymph-serum  contains  allcali- 
albuminate  (precipitated  by  acids),  senmi-albumln  (coagulated  by  heat),  and  para- 
glohidin — the  two  latter  occurring  in  the  same  proportion  as  in  blood-serum  ;  37 
per  cent,  of  the  coagulable  proteids  is  paraglobulin. 

(1)  Chyle,  which  occurs  within  the  lacteals  of  the  intestinal  tract,  can  only  be 
obtained  in  very  small  amount  before  it  is  mixed  with  lymph,  and  hence  the  diffi- 
culty of  investigating  it.  A  few  lymph-corjnbscles  occur  oven  in  the  origin  of  lacteals 
within  the  villi,  but  their  number  increases  in  the  vessels  beyond  the  intestine 
more  especially  after  the  chyle  has  passed  through  the  mesenteric  glands.  The 
amount  of  solids,  which  undergoes  a  great  increase  during  digestion,  on  the 
contrary,  diminishes  when  chyle  mixes  with  lymph.  After  a  diet  rich  in  fatty 
matters,  the  chyle  contains  innumerable  fatty  granules  (2-4  fx.  in  size).  [This  is  the 
so-called  "  molecular  basis  "  of  the  chyle.]  The  amount  of  fihrin-f actors  increases 
with  the  increase  of  lymph-corpuscles,  as  they  are  formed  from  the  breaking  up  of 
the  lymph-corpuscles;  a  cliastatic  ferment  absorbed  from  the  intestine;  occasionally 
sugar  (to  2  per  cent.) ;  after  much  starchy  food,  lactates  ;  peptone  in  the  leucocytes 
(§  192,  I.,  3),  and  traces  of  urea  and  leucin. 
The  Chyle  of  a  person  who  was  execated  contained  90-5  per  cent,  of  water. 

f  Fibrin,  

Albumin,  .... 
Fats,  


Solids,  . 


trace 
7-1 
0-9 


Extractives, 
L  Salts, 


Schmidt  found  the  following  inorganic  substances  in  1000  parts  of  chyle. 


1-0 

0-5 


Sodic  chloride, 

Soda, 
Potash, 


5-84 
1-17 
0-13 


Magnesic  phosi^hate,  O'OS 
Iron,       .       .       .  trace. 

(Horse). 


Sulphuric  acid,  .  0-05 
Phosphoric  acid,    .    0  '05 

Calcic  phosphate,  .0-20     ,  ^^^^.^^  . 

(2)  The  lymph  obtained  from  the  beginning  of  the  lymphatic  system  contains 
very  few  lymph-corpuscles  ;  it  is  clear,  transparent,  and  colourless,  and  closely 
resembles  the  fluids  of  serous  cavities.  That  the  lymph  coming  from  different 
tissues  vanes  somewhat,  is  highly  probable,  but  this  has  not  been  proved.  A^fter 
lymph  has  passed  through  lymphatic  glands,  it  contains  more  corpuscles,  and  also 
more  solids,  especially  albumin  and  fat.  Ritter  counted  8200  lymph-corpuscles  in 
1  cubic  centimetre  of  the  lymph  of  a  dog. 

Pure  lymph  obtained  from  a  lymphatic  fistula  in  the  leg  of  a  man  has  an  alkaline 
reaction  and  a  saline  taste,  and  the  following  composition  :— 


Pure  Lymph 
{Heiisen  cfc  Ddhnhardt). 


"Water, 

Solids,  .   .   ;  ; 

Fibrin,  ..." 
Albumin, 

Alkali-albuminate,  . 
Extractives,     .  . 
Urea,  Leucin,  . 
Salts, 

70  vol.  7^  of  absorbed  CO.,, 
could  be  pumped  out,  and  20 
the  addition  of  an  acid. 


98-63 
1-37 
0-11 
0-14 
0  09 

l'-65 
0-88 
50  % 
7o  by 


Cerebi-o-spinal  Fluid 
(Hoppe-Seyler). 


Pericardial  Fluid 
(('.  Gorup-Besmicz). 


98-74 
1-25 

o'-i'e 


The  cerebi'o-spinal  lluid  and  ab- 
dominal lymph  contain  a  kind  of 
sugar  (without  the  property  of 
rotating  polarised  light— Z^o^j^jc- 


95-51 
4-48 

0-  08 
2-46 

1-  26 
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100  parts  of  the  ash  of  lymph  coutaiiiod  tho  following  substances  :— 


Sodium  chloride,  .  71 '48 
Soda,  .  .  .  10-3(J 
Potash,  .       .       .  3-26 


Sulphuric  acid,  .  1  -28 
Carbonic  acid,  .  .  8*21 
Iron  oxide,       .       .  0'06 


Lime,  .  .  .  0-[)8 
Magnesia,  .  .  Q--17 
Pliosphoric  acid,    .    1  '09 

Just  as  in  blood,  potash  and  phosphoric  acid  are  most  abundant  in  the 
corpuscles  ;  while  soda  (chiefly  sodium  chloride)  is  most  abundant  in  the  lymph- 
serum.  Tho  potash  and  phosj^horic  acid  compounds  are  most  abundant  in  cerebro- 
spinal fluid,  according  to  C.  Schmidt.  The  amount  of  water  in  the  lymph  rises 
and  falls  with  that  of  the  blood.  Gases.— Dog's  lymph  contains  much  CO.,— more 
than  40  vols,  per  cent.,  of  which  17  per  cent,  can  be  pumped  out,  and  23  per  cent, 
expelled  by  acids,  while  there  are  only  traces  of  0  and  1-2  vols,  per  cent.  N 
(Ludiviff,  Ilammersten). 

[The  cerebro-spinal  fluid  contains  a  substance  which  reduces  an  alkaline  solution  of  cupric 
hydrate.  Tlie  potassic  are  in  excess  of  the  soda-salts,  while  the  fluid  of  meningoceles  and  chronic, 
hydrocephalus  contains  proto-albumose,  some  serum-globulin,  no  serum-albiimiu,  but  the  last 
is  present  in  acute  hydrocephalus  fluid.  No  albumose  is  found  in  pericardial  or  pleuritic  fluids 
{Halliburton). '\ 

199.  aUANTITY  OF  LYMPH  AND  CHYLE.— When  it  is  stated  that  the 
total  am.ount  of  the  lymph  and  chyle  passing  through  the  large  vessels  in  twenty- 
four  hours  is  equal  to  the  amount  of  the  blood,  it  must  be  remembered  that  this  is 
merely  a  conjecture.  Of  this  amount  one-half  may  be  lymph  and  the  other  half 
chyle.  The  formation  of  lymph  in  the  tissues  takes  place  continually,  and  without 
interruption.  Nearly  6  kilos,  of  lymph  were  collected  in  twenty-four  hours  from  a 
lymphatic  fistula  in  the  arm  of  a  woman,  by  Gubler  and  Quevenne  ;  70  to  100 
grms.  were  collected  in  li  to  2  hours  from  the  large  lymph-trunk  in  the  neck  of  a 
young  horse.    The  following  conditions  affect  the  amount  of  chyle  and  lymph  : — 

(1)  The  amount  of  chyle  undergoes  very  considerable  increase  during  digestion, 
more  especially  after  a  full  meal,  so  that  the  lacteals  of  the  mesentery  and  intestine 
are  distended  with  white  or  milky  chyle.  During  hunger  the  lymph-vessels  are 
collapsed,  so  that  it  is  difficult  to  see  the  large  trunks. 

(2)  The  amount  of  lymph  increases  especially  with  the  activity  of  the  organ 
from  which  it  proceeds.  Active  or  passive  muscular  movements  greatly  increase 
its  amount.  Lesser  obtained  in  this  way  300  cubic  centimetres  of  lymph  from  a 
fasting  dog,  whereby  its  blood  became  so  inspissated  as  to  cause  death. 

(3)  All  conditions  which  increase  the  pressure  upon  the  juices  of  the  tissues 
increase  the  amount  of  lymph,  and  vice  versa.    These  conditions  are  : — 

(ft)  An  increase  of  the  blood-pressure,  not  only  in  the  whole  vascidar  system,  but  also  in  the 
vessels  of  the  corresponding  organ,  augments  the  amount  of  lymph  and  vice  vosd  {Lxidioig, 
Tomsa).  This  however  is  doubtful,  as  has  been  shown  by  Paschutin  and  Emminghaus.  [In 
order  to  increase  the  amount  of  lymph  depending  upon  pressure  within  the  vessels,  what 
must  happen  is  increased  pressure  within  the  capillaries  and  veins.] 

{b)  Ligature  or  obstruction  of  the  efferent  veins  greatly  increases  the  amount  of  lymph  which 
flows  from  the  corresponding  parts  {Bidder,  Emminghaus).  It  may  be  doubled  in  amount. 
Tight  bandages  cause  a  swelling  of  the  parts  on  the  peripheral  side  of  the  bandage,  owing  to  a 
copious  efl'usion  of  lymph  into  tho  tissue  (congestive  ccdema). 

(c)  Au  increased  supply  of  arterial  blood  acts  in  the  same  way,  but  to  a  less  degree. 
Paralysis  of  the  vaso-motor  nerves,  or  stimulation  of  vaso-dilator  tibres,  by  increasing  the  supply 
of  blood  increases  the  amount  of  lymph;  while  diminution  of  the  blood-supply,  owing  i  to 
stimulation  of  vaso-motor  fibres  or  other  causes,  diminishes  the  amount.  Even  after  ligature 
of  both  carotids,  as  tho  heatl  is  still  supplied  with  blood  by  the  vertebrals,  the  lymph-stream  iu 
the  large  cervical  lymphatic  does  not  cease. 

(4)  When  the  total  amount  of  the  blood  is  increased,  by  the  injection  of  blood  or  serum 
into  the  arteries,  much  fluid  jxisses  into  the  tissues  and  increases  the  formation  of  lymph. 

(5)  The  formation  of  lymph  still  goes  on  for  a  short  tune  after  death,  and  after  com])lctc 
cessation  of  the  action  of  the  heart,  but  only  to  a  slight  extent.  If  fresh  blood  be  caused  to 
circulate  in  the  body  of  an  animal,  while  it  is  still  warm,  more  lymph  flows  from  tho  lym- 
jdiatics.  It  appears  as  if  tho  tissues  obtained  plasma  from  the  blood  for  a  time  after  the 
stoppage  of  the  circulation.    This  perhaps  explains  tho  circumstance  that  some  tissues,  e.g., 
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connective-tissues,  contain  more  fluid  after  death  than  during  life,  while  the  blood-vessels  have 
given  out  a  considerable  amount  of  their  plasma  after  death. 

(6)  The  amount  of  13'mph  is  increased  uuiler  the  inlluence  of  curara,  and  so  is  the  amount 
of  solids  in  the  lymph  {Lesser).  A  large  amount  of  lymph  collects  in  the  lymph-sacs  [especially 
the  sub-lingual]  of  frogs  poisoned  with  cui'ara,  which  is  partly  explained  by  the  fact  that  the 
lymph-hearts  are  paralysed  by  curara.  The  amount  of  lymph  is  also  increased  in  inflamed 
jiarts. 

200.   ORIGIN  OF  LYMPH.— (1)  Source  of  the  Lymph-Plasma.— The 

lymph-plasma  may  be  regarded  as  fluid  which  has  been  pressed  through  the  wails 
of  the  blood-vessels  by  the  blood-pressure,  i.e.,  by  filtration  into  the  tissues.  The 
salts  which  pass  most  readily  through  membranes,  go  through  nearly  in  the  same 
proportion  as  they  exist  in  blood-plasma — fibrin-factors  to  about  two-thirds,  and 
albumin  to  about  one-half  of  that  in  the  blood.  As  in  the  case  of  other  filtration- 
processes,  the  amount  of  lymph  must  increase  with  increasing  pressure. 

This  was  proved  by  Ludwig  and  Tomsa,  who  found  that  when  they  passed  blood-serum  under 
varying  pressures  through  the  blood-vessels  of  an  excised  testis,  the  amount  of  transuded  fluid 
wh'ich  flowed  from  the  lymphatics  varied  with  the  pressure.  This  "  artificial-lymph "  had  a 
composition  similar  to  that  of  the  natural  lymph.  Even  the  amount  of  albumin  increased  with 
increasing  pressure.  The  lymph-plasma  is  mixed  in  the  diff'erent  tissues  with  the  decomposition 
products,  the  results  of  the  metabolism  of  the  tissues. 

When  the  muscles  act,  not  only  is  the  lymph  poured  out  more  rapidly,  but 
more  lymph  is  formed.  The  tendons  and  fascite  of  the  muscles  of  the  skeleton, 
which  are  provided  with  numerous  small  stomata,  absorb  the  lymph  from  the 
muscles.  By  the  alternate  contraction  and  relaxation  of  these  fibrous  structures, 
they  act  like  suction-pumps,  whereby  the  lymphatics  are  alternately  filled  and 
emptied,  while  the  lymph  is  propelled  onwards.  Even  passive-movements  act  in 
the  same  way.  If  solutions  be  injected  under  the  fascia  lata,  they  may  be  proj)elled 
onwards  to  the  thoracic  duct  by  passive  movements  of  the  limb  (Ludwig,  Schiveigger- 
Sddel). 

(2)  The  source  of  the  lymph-corpuscles  varies. — (1)  A  very  considerable 
numlDer  of  lymph-corpuscles  are  derived  from  the  lymphatic  glands ;  they  are 
washed  out  of  these  glands  into  the  vas  eiierens  by  the  lymph-stream,  hence,  the 
lymph  always  contains  more  corpuscles  after  it  has  passed  through  a  lymph-gland. 
Small  isolated  lymph-follicles  permit  corpuscles  to  pass  through  their  limiting  layer 
into  the  lymph-stream.  (2)  Those  organs  whose  basis  consists  of  adenoid  tissue, 
and  in  whose  meshes  numerous  lymph-corpuscles  occur,  e.g.,  the  mucous  membrane 
of  the  entire  intestinal  tract,  red  marrow  of  bone,  and  the  spleen  (§  103).  The 
cells  reach  the  origin  of  the  lymph-stream  by  their  own  amoeboid  movements.  (3) 
As  lymph-corpuscles  are  returned  to  the  blood-stream,  where  they  appear  as  colour- 
less blood-corpuscles,  so  they  again  pass  out  of  the  blood-capillaries  into  the 
tissue.s,  partly  owing  to  their  amoeboid  movements,  and  they  are  partly  expelled 
by  the  blood-pressure.  In  rare  cases  lymph-corpuscles  wander  from  lymphatic 
spaces  back  again  into  the  blood-vessels. 

Fine  particles  of  cinnabar  or  milk-globules  introduced  into  the  blood  soon  pass  into  the  lym- 
phatics. The  extrusion  of  particles  is  greater  during  venous  congestion  than  when  the  circula- 
tion IS  undisturbed,  just  ns  with  diapedesis  (§  95) ;  inflammatory  aff"ections  of  the  vascular  wall 
also  favour  their  ]jassage.    The  vessels  of  the  portal  system  are  especially  pervious. 

(4)  By  division  of  the  lymph-corpuscles,  and  also  by  proliferation  of  the  fixed 
connective-tissue  corpuscles.  This  process  certainly  occurs  during  inflammation 
of  many  organs.  This  has  been  proved  for  the  excised  cornea  kept  in  a  moist 
chamber ;  the  nuclei  of  the  cornea-corpuscles  also  proliferate. 

That  the  connective-tissue  corpuscles  proliferate  is  shown  by  the  enormous  production  of 
Jymph -corpuscles in  acute  inflammations  (with  the  formation  of  pus),  e.g.,  in  extensive  eiysipelas, 
and  inflammatory  purulent  eflusions  into  serous  cavities,  where  the'  number  of  corpuscles  is 
too  great  to  be  explained  by  the  wandering  of  blood-corpuscles  out  of  the  blood-vessels. 

Decay  of  Lymph-Corpuscles.— The  lymph-corpuscles  disappear  partly  where  the 


MOVEMENT  OF  CHYLE  AND  LYMPH. 


lymphatics  arise.  The  presence  of  the  fibrin-factors  in  the  lymph — formed  as  they 
are  from  the  breaking-up  of  lymph-corpuscles — seems  to  indicate  this.  In  inflam- 
mation of  connective-tissue,  in  addition  to  the  formation  of  numerous  new  lymph- 
corpuscles,  a  considerable  number  seems  to  be  dissolved ;  hence  the  lymjih,  and 
also  the  blood,  in  this  case  contains  more  fibrin.  Lymph-corpuscles  are  also  dis- 
solved within  the  blood-stream,  and  help  to  form  the  fibrin-factors. 

201.  MOVEMENT  OF  CHYLE  AND  LYMPH.— The  ultimate  cause  of  the 

movement  of  the  chyle  and  lymph  depends  upon  the  difference  of  the  pressure  at 
the  origin  of  the  lymphatics,  and  the  pressure  where  the  thoracic  duct  opens  into 
the  venous  system. 

(1)  The  forces  which  are  active  at  the  origin  of  the  lymphatics  are  concerned 
in  moving  the  lymph,  but  these  must  vary  according  to  the  place  of  origin — {a) 
The  lacteals  receive  the  first  impulse  towards  the  movements  of  their  contents — 
the  chyle — from  the  contraction  of  the  muscular  fibres  of  the  villi  (pp.  292,  297). 
When  these  contract  and  shorten,  the  axial  lacteal  is  compressed,  audits  contents 
are  forced  in  a  centripetal  direction  towards  the  large  lymphatic  trunks.    When  the 
villi  relax,  the  numerous  valves  prevent  the  return  of  the  chyle  into  the  villi,  (h) 
Within  those  lymphatics  which  take  the  form  of  perivascular  spaces,  every  time  the 
contained  blood-vessel,  is  dilated  the  surrounding  lymph  will  be  pressed  onwards,  (c) 
In  the  case  of  the  pleural  lymphatics  with  open  mouths,  every  inspiratory  move- 
ment acts  like  a  suction-pump  upon  the  lymph,  and  the  same  is  the  case  with 
the  openings  or  stomata  of  the  lymphatics  on  the  abdominal  side  of  the  dicqjliragm. 
{d)  In  the  case  of  those  vessels  which  begin  by  means  of  fine  juice  canals,  the  move- 
ment of   the  lymph  must  largely  depend  upon  the  tension  of  the  juices  of 

the  parenchyma,  and 
this  again  must  depend 
upon  the  tension  or 
]jressu7'e  in  the  blood- 
capillaries,  so  that  the 
blood-pressure  acts  like 
a  vis  a  tergo  in  the 
rootlets  of  the  lym- 
Section  of  central  tendon  of  diaphragm.    The  injected  lymph-spaces,  phatics. 

li  and  h,  arc  black.  At  /  the  walls  of  the  space  have  collapsed.  |- j,^  gome  organs  peculiar 
jumping  arrangements  are  brought  into  action.  The  abdominal  surface  of  the  central  tendon 
of  the  diaphragm  is  provided  with  stomata,  or  open  communications  between  the  peritoneal 

cavity  and  the  lym- 
phatics in  the  sub- 
stance of  the  tendon. 
Von  Recklinghausen 
found  that  milk  put 
upon  the  peritoneal 
surface  of  the  central 
tendon  showed  little 
eddies,  caused  bj-  the 
milk-globules  passing 
through  the  stomata 
and  entering  the  lym- 
phatics.   The  central 

Fig.  224.  tendon    consists  of 

Iniected  lymph-spaces  (black)  from  the  fascia  lata  of  the  dog.  two  layers  of  fibrous 

tissue  arranged  in  different  directions  (fig.  223,  h,  c)  When  ^  ^^^^^^^^ 
i3at  on,  these  layers  are  alternately  pressed  together  and  pulled  apart    Jluis  the  s pacc^^ 


MOVEMENT  OF  THE  LYMPH. 


muscle,  canyinr;  with  it;  some  of  tlio  wasto  products  of  muscular  action,  passes  out  of  the 
rauscle'into  thelaseia,  between  the  now  partially  separated  layers.] 

[Ludwig's  Experiment. — Tie  a  respiration  cannula  in  the  trachea  of  a  dead  rabbit  ;  cut 
across  the  body  of  the  animal  immediately  below  the  diaphragm  ;  remove  the  viscera,  and 
lifraturo  the  vessels  passing  between  the  thora.x  and  abdomen  ;  tie  the  thorax  to  an  iron  ring, 
and  hau"-  it  up  with  the  head  downwards  ;  pour  a  solution  of  Berlin  blue  upon  the  peritoneal 
surface  ot"  the  diaphragm  ;  connect  the  respiration  cannula  either  with  a  pair  of  bellows  or  an 
apparatus  for  urtiticial  respiration,  and  imitate  the  respiratory  movements.  After  a  few- 
minutes  the  lymphatics  are  filled  with  a  blue  injection  .showing  a  beautiful  plexus.] 

(2)  Within  the  lymph-trunks  themselves,  the  independent  contraction  of  their 
muscular  fibres  partly  aids  the  lymph-stream.  Heller  observed  in  the  mesentery 
of  the  guinea-pig  that  the  peristaltic  movement  of  the  lymphatic  wall  passed  in  a 
centripetal  direction.  The  numerous  valves  prevent  any  retlux.  The  contraction 
of  the  surrounding  muscles,  and  pressure  upon  the  vessels  and  the  tissues,  aid  the 
current.  If  the  outflow  of  blood  from  the  veins  is  interfered  with,  lymph  flows 
copiously  from  the  corresponding  tissues.  [If  a  cannula  be  tied  in  a  lymphatic  of 
a  dog,  a  few  drops  of  lymph  flow  out  at  long  intervals.  But  if  even  2Mssive  move- 
ments of  the  limb  be  made,  e.ff.,  simply  flexing  and  extending  the  limb,  the  outflow 
becomes  very  considerable  and  continuous.] 

(3)  The  lymph-glands,  which  occur  in  the  course  of  the  lymphatics,  offer  very 
considerable  resistance  to  the  lymph-stream,  which  must  pass  through  the  lymph- 
paths,  whose  spaces  are  traversed  by  adenoid  tissue,  and  contain  a  few  lymph- 
corpuscles.  But  this  is,  to  a  certain  extent,  compensated  for  by  the  non-striped  muscle 
which  exists  in  the  capsule  and  trabeculse  of  the  glands.  When  they  contract  they 
force  on  the  lymph,  while  the  valves  prevent  its  reflux.  Enlarged  lymphatic 
glands  have  been  seen  to  contract  when  stimulated  electrically.  [Botkin  has 
stimulated  enlarged  lymphatic  glands  with  electricity  in  cases  of  leukemia.] 

(4)  The  lymph-vessels  gradually  join  to  form  larger  vessels,  and  finally  end  in 
one  trunk.  Thus  the  sectional  area  diminishes,  so  that  the  velocity  of  the  current 
and  the  pressure  are  increased.  Nevertheless,  the  velocity  is  always  small ;  it 
varied  from  230  to  300  millimetres  per  minute  in  the  large  lymphatic  in  the  neck 
of  a  horse,  a  fact  which  enables  us  to  conclude  that  the  movement  must  be  very 
alow  in  small  vessels.  The  lateral  pressure  at  the  same  place  was  10  to  20  mm., 
and  in  the  dog  5  to  10  mm.  of  a  weak  solution  of  soda,  although  it  was  =  12  mm. 
Hg  in  the  thoracic  duct  of  a  horse. 

(.5)  The  respiratory  movements  exercise  a  considerable  influence  upon  the  lymph- 
stream  in  the  thoracic  duct,  and  in  the  right  lymphatic  duct ;  every  inspiration 
favours  the  passage  of  the  venous  blood,  and  T 
also  of  the  lymph  towards  the  heart,  whereby 
the  tension  in  the  thoracic  duct  may  even  be- 
come negative.  [The  diastolic  suction  of  the 
heart,  by  diminishing  the  pressure  in  the  sub- 
clavian vein,  also  favours  the  inflow  of  lymph 
into  the  thorax.] 

(6)  Lymph-hearts  exist  in  certain  cold-blooded 
animals.  The  frog  has  two  axillary  hearts  (above  the 
shoulder  near  the  vertebral  column),  and  two  sacral 
hearts,  one  on  each  side  of  the  coccyx  near  the  anus 
(fig.  225,  L).  They  beat,  but  not  synchronously,  about 
sixty  times  per  minute,  and  contain  10  cubic  centi- 
metres of  lymph.  They  have  transversely-striped  mus- 
cular fibres  in  their  walls,  and  are  also  provided  with 
nerve-c/anc/lia.    The  posterior  pair  pump  the  lymph 

into  the  branch  of  the  vena  iliaca  communicans,  and  the  anterior  pair  into  the  vena  .sub- 
.scapularis.  Their  pulsation  depends  partly,  but  not  exclusively,  upon  the  spinal  cord,  for  if 
the  cord  be  rapidly  destroyed,  they  may  cease  to  pulsate,  but  not  unfrequently  they  continue 
to  pulsate  after  removal  of  the  cord.  [And  if  the  cord  be  destroyed  gradually,  they  continue  to 
beat  {Kabrhcl).]    A  second  source  of  their  pulsatile  movements  is  to  be  sought  for  in 


Fig.  225. 

Posterior  pair  of  lymph-hearts  (L)  of 


the  frog. 
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"WnldcYcr's  "aiT-'liii  Stiiimlation  of  the  skin,  intestine,  or  lilood-heavt  inllnences  them  reflexly 
—partly  acedeiuting  !uul  jiartly  rutardiiig  them,  [most  InMiueutly  arre.stin«  them  lu  diastole, 
so  that  there  seems  to  be  an  inhibitory  mechanism  in  the  cord,  but  it  is  not  allected  by 
atropine  [Kahrhd).-]  If  the  coccygeal  nerve,  which  connects  the  sacral  hearts  to  the  smnal 
cord  be  divided,  these  ellects  do  not  occur.  Strychnia  accelerates  their  movements,  and  so 
does  hcatiuK  of  the  spinal  cord;  but  if  the  cord  be  cooled,  they  are  retarded.  A  lymp  i^heart 
arrested  by  bciuf'  exposed,  or  after  the  action  of  inuscarin,  can  be  caused  to  beat  by  hlling  it 
under  pressure  but  this  is  not  the  case  when  the  arrest  is  caused  by  destruction  oi  its  nerves. 
AntiJin  paralyses  the  lymph-heart  and  the  blood-heart  at  the  same  time,  while  ciirara 
paralyses  the  former  alone,  lu  other  amphibians  there  are  two  lymph-hearts  ;  in  the  ostricli 
and  cassowary  and  some  swimming  birds,  and  in  the  embryo  chick  1  or  2.  They  occur  in  some 
fishes,  e.g.,  near  the  caudal  vein  of  the  eel. 

(7)  The  nervous  system  has  a  direct  effect  upon  the  lymph-stream,  on  account 
of  its  connection  wifh  the  muscles  of  the  lymphatics  and  lymph-glands,  and  with 
the  lymph-hearts  where  these  exist.  Kiihne  observed  that  the  cornea  corpuscles 
contracted  when  the  corneal  nerves  were  stimulated,  [and  Hoffman  has  described  the 
termination  of  nerves  in  connective-tissue  corpuscles].  Goltz  also  observed  that, 
when  a  dilute  solution  of  common  salt  was  injected  under  the  skin  of  a  frog,  it  was 
rapidly  absorbed,  but  if  the  central  nervous  system  had  been  destroyed,  it  was  not 

absorbed.  ,.  -i  i 

If  inflammation  be  produced  in  the  hind  legs  of  a  dog  and  if  the  sciatic  nerve  be  divided  on 
one  side  cedema  and  a  simultaneous  increase  of  the  lymph-stream  occur  on  that  s  de  [A 
combination  of  congestion  and  inflammation  greatly  increases  the  lymph-stream,  and  this  i.s 
still  more  the  case  when  the  nerves  are  divided  at  the  same  time.  J  i    i    „  fi,„ 

LiXre  the  le-  of  a  frog,  except  the  nerves,  so  as  to  arrest  the  circulation  and  place  the 
lecTifSr  it  Vwells  up  very  rapidly,  but  a  dead  limb  does  not  swell  up  So  that  absorption 
is^ndliSclent  oT  the^ontLiance'rf  the  circulation.  Section  of  the  sciatic  nerve,  or 
destruction  of  the  spinal  cord  (but  not  section  of  the  brain),  arrests  absorption. 

ono  ABSOEPTION  OF  PARENCHYMATOUS 'EFFUSIONS.— Fluids  whicli  pass  from  the 
Wood  vcssXinto  the  spaces  in  the  tissues,  or  those  injected  subcutaneously,  are  absorbe.l 
STy  tl  e'blood  vessels,  but  also  by  the  lymphatics.  Small  ^ *f  ^^^-.^^  ^"^^^^^^^ 
with  cinnabar  or  China  ink,  may  pass  from  the  tissue-spaces  into  the  lymphatics-and  so  do 
bloid  c™  of  blood,  and  fat-granules  from  the  marrow  of  a  broken 

ffn^  If  all  be  ly^^^^^        of  a  part  are  ligatured,  absorption  takes  place  quite  as  rapidly^as 

amygdalm,  a  glucoside  (C.oHayNOn),  is  f°bca  upon  oy  i  almonds  (C.H«0),  +  sugar 

■     "^cTg]  'tl^lSlS^il^oX^^^^^  it  is  decoii,posed\ithin  the 

SSSSL,  a™n"S  t^  amount  of\irea.'  Albuminous  solutions,  oil,  peptones,  and 
sufrars  are  also  absorbed. 

onci  (EDEMA  DROPSY,  AND  SEROUS  EFFUSIONS. -[Dropsy -As  "^Ptly  mustrated 


CEDEMA  AND  DROPSY. 


increased  transudation  or  diminished  absorption.  When  there  is  an  undue  accumulation  of 
fluid  more  or  less  like  serum  in  the  lympli-spaces,  we  have  the  conditioii  termed  dropsy.  "When 
there  is  general  dropsy  it  is  called  anasarca.] 

CEdema.— If  the  elVerent  veins  and  lymphatics  of  an  organ  be  ligatured,  or  if  resistance  be 
oflered  to  the  outflow  of  their  contents,  congestion  and  a  copious  transudation  of  lymph  into 
the  tissue  take  place.  These  arc  most  marked  in  the  skin  and  subcutaneous  cellular  tissue. 
The  soft  parts  swell  up,  without  pain  or  redness,  and  a  doughy  swelling,  which  pits  on  pressure 
with  the  finger,  results.  These  are  the  signs  of  lymph-congestion,  which  is  called  oedema 
when  the  fluid  is  tvateri/  and  localised. 

Under  similar  circumstances  lyniph  is  effused  in  the  serous  cavities.  [In  the  peritoneum  it 
is  ascites— thorax,  hydro-thorax — pericardium,  hydro-pericardium— cranium,  hydrocephalus 
— tunica  vaginalis,  hydrocele — ^joints,  hydrarthrosis,  &c.]  If,  at  the  same  time,  a  large 
number  of  colourless  blood-corpuscles  pass  out  of  the  blood-vessels  into  the  cavity,  the  fluid 
becomes  more  and  more  like  pus.  In  order  that  these  corpuscles  may  proliferate,  a  consider- 
able percentage  of  albumin  is  necessary.  When  the  pressure  within  the  serous  cavity  rises 
above  that  in  the  small  blood-vessels,  water  may  pass  into  the  blood.  These  sero-purulent 
effusions  not  un frequently  undergo  changes,  and  yield  decomposition-products,  such  as 
leucin,  tyrosin,  xanthin,  kreatin,  kreatinin  (?),  uric  acid  (?),  urea.  Endothelium  from  the 
serous  cavity,  sugar  in  pleuritic  effusions  and  in  cedemas  with  little  albumin,  cliolesterin 
frequently  in  hydrocele  fluid,  and  succinic  acid  in  the  fluid  of  echinococci  have  all  been  found 
in  these  efl'usions.  The  effusion  of  lymph  may  arise  not  only  from  pressure  upon  the  lym- 
phatics, but  also  from  inflammation  and  thrombosis  of  the  lymphatics  themselves,  in  which 
cases  not  unfrequently  new  lymphatics  are  formed,  so  that  the  communication  is  re-established. 
Sometimes  the  ductus  thora-cicus  bursts,  and  lymph  is  poured  directly  into  the  abdomen  or 
thorax.  [Ligature  of  the  thoracic  duct  results  in  rupture  of  the  receptaculum  cliyli  and  escape 
of  chyle  and  lymph  into  the  large  serous  cavities  {Luclioig).'] 

When  dropsj"-  or  effusion  of  fluids  occurs  into  serous  cavities,  there  is  always  a  greater 
transudation  of  fluid  through  the  blood-vessels.  The  abdominal  blood-vessels,  and  those  which 
yield  a  watery  eflfusion  under  normal  circumstances,  are  those  most  liable  to  be  affected. 

Transudation  is  favoured  by — (1)  Venous  congestion,  so  as  to  raise  the  blood-pressure,  in 
which  case  the  efi'usion  usually  contains  little  albumin  and  few  lymph-corpuscles,  while  the 
coloured  corpuscles,  on  the  contrary,  are  more  numerous  the  greater  the  venous  obstruction. 
Eanvier  produced  cedema  artificially  by  ligaturing  the  vena  cava  in  a  dog,  and  at  the  same  time 
dividing  the  sciatic  nerve.  The  paralytic  dilatation  of  the  blood-vessels  thereby  j)i'oduced 
caused  an  increased  amount  of  blood  to  pass  to  the  limb,  while  the  blood-pressure  was  raised, 
and  both  factors  favoured  the  transudation  of  fluid.  [Ranvier's  experiment  proves  that  mere 
ligature  of  the  venous  trunk  of  a  limb  by  itself  is  not  sufficient  to  cause  cedema.  The  cedema 
is  due  to  the  concomitant  jiaralysis  of  the  vaso-motor  nerves.  If  the  motor  roots  of  the  sciatic 
nerve  alone  be  divided  along  with  ligature  of  the  vena  cava,  no  oedema  occurs,  but  if  the  vaso- 
motor fibres  are  divided  at  the  same  time,  the  limb  rapidly  becomes  oedematous.  There  is  such 
an  increased  transudation  through  the  vascular  walls  that  the  veins  and  lymphatics  cannot 
remove  it  vvith  sufficient  rapidity,  and  cedema  occurs.  If  there  be  weakness  of  the  vaso-motor 
nerves,  slight  obstruction  is  sufficient  to  produce  redema.]  When  the  leg- veins  are  occhuled 
with  an  injection  of  gypsum,  cedema  occurs.  (2)  Some  unknown  physical  changes  occur  in  the 
protoplasm  of  the  endothelium  of  the  capillaries  and  blood-vessels,  which  favour  the  transudation 
of  albumin,  jisjemoglobin,  and  even  blood-corpuscles.  This  occurs  when  abnormal  substances 
accumulate  in  the  blood— dissolved  hfemoglobin — and  when  the  blood  contains  little  0  or 
albumin.  The  same  has  been  observed  after  exposure  to  too  high  temperatures,  and  the  swelling 
of  soft  parts  in  the  neighbourhood  of  an  inflammatory  focus  seems  due  to  the  transudation  of  fluid 
through  the  altered  vascular  wall.  It  is  probable  that  a  nervous  influence  may  affect  particular 
areas  through  its  action  on  the  blood-vessels  of  the  jwrt  (it  may  be  upon  the  protoplasm  of  the 
blood-capillaries).  The  transudations  of  this  nature  usually  contain  much  albumin  and  many 
lymph-corpuscles.  (3)  When  the  blood  contains  a  very  large  amount  of  water,  the  tendency  to 
transudation  of  fluid  is  increased.  After  a  time  it  may  produce  the  changes  indicated  in  (2), 
and  when  long  continued  may  increase  the  permeability  of  the  vascular  wall.  Watery  lym- 
phatic effusions  from  watery  blood—"  cachectic  oedema  ''—occur  in  feeble  and  badly-nourishod 
individuals.  [One  of  the  commonest  forms  of  dropsy  is  the  slight  cedema  of  the  legs  in  anaimic 
persons,  in  whom  the  heart  and  lungs  are  healthy.  Many  factors  are  involved— the  blood- 
pressure,  watery  condition  of  the  blood,  the  condition  of  nutrition  of  the  capillaries,  and 
probably  a  tendency  to  vaso-motor  paresis  (Brmiton).] 

_  [The  fluid  poured  out  varies  according  to  the  rapidity  with  which  this  occurs.  In  acute 
mflaumiations  effusion  or  exudation  takes  place  rapidly,  and  the  fluid  contains  the  fibrin -factors, 
so  that  It  tends  to  coagrtlate  spontaneously.  There  is  every  gradation  between  the  non-coagulable 
Hydrocele  fluid  and  the  coagulable  exudation  in  inflammation.  The  fluids  in  different  dropsies 
vary  in  composition,  and  some  have  more  cells  in  them,  depending  on  local  causes,  as  in  some 
situations  absorption  is  more  active  than  in  others.  The  plem'al  fluid  contains  most  solids, 
tlien  ascitic,  corebro-spinal,  and  lastly  that  in  the  subcutaneous  tissue.    Transudation  cor- 
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rcsiwmls  to  the  ])vocess  of  filtration  tlivough  animal  mombraiics,  Lc,  tlie  transudation  contaiuB 
only  those  substanco.s  iilroaily  iirescut  in  the  l)loo(l-i)las)nii.  The  filtrate  may  even  contain 
more  salts  than  the  original  lluid,  as  is  often  the  case  with  iluids  containing  crystalloid  and 
colloid  bodies.  Senator  linds,  in  cases  of  (jedenia  of  the  leg,  that  increase  of  the  venous 
])re,ssuro  increases  the  protoids  in  the  transudation,  but  causes  no  essential  change  in  the 
amount  of  the  salts.]  , ,     ,  1     i  1 

Ui)  Ostroumoir  found  that  stimulation  of  the  lingual  nerve  not  only  causes  the  blood-vessels 
of  the  tongue  to  dilate,  but  that  the  corresiionding  side  of  the  tongue  becomes  (edematous.  If  a 
solution  of  dilute  hydrochloric  acid  or  (quinine  (§  Uf))  be  injected  into  the  duct  of  the  sub- 
maxillary gland,  and  the  chorda  tymjiani  stimulated,  there  is  no  secretion  of  saliva,  but  the 
rrland  becomes  cedematous.  In  an  animal  poisoned  with  atropin,  stimulation  of  the  chorda 
causes  dilatation  of  the  blood-vessels,  although  there  is  no  secretion  of  saliva,  nevertheless  the 
"land  does  not  become  cedematous  [Haidenhain).  As  Brunton  suggests,  this  experiment  noiiits 
to  some  action  of  atropin  on  the  blood-vessels  which  has  hitherto  been  entirely  overlooked.] 

204  COMPARATIVE  PHYSIOLOaY.— In  the  frog  large  lymph-sacs,  lined  with  endothe- 
lium, exist  under  the  skin,  while  large  lymph-sacs  lie  in  relation  with  the  vertebral  column 
—one  on  each  side— separated  from  the  abdominal  cavity  by  a  thin  membrane,  perforated  with 
stomata  This  is  the  cystema  lymphatica  magna  of  Panizza.  Some  amphibians  and  many 
reptiles  have  under  the  skin  large  lymph-spaces,  which  occupy  the  whole  of  the  dorsal  region 
of  the  body.  All  reptiles  and  the  tailed  amphibians  have  large  elongated  reservoirs  lor  lymph 
along  the  course  of  the  aorta.  The  lymph-apparatus  of  the  tortoise  (fig  218)  is  very  extensn-e 
The  osseous  fishes  have  in  the  lateral  parts  of  their  backs  an  elongated  ymph-tniiik,  which 
reaches  from  the  tail  to  the  anterior  fins,  and  is  connected  with  the  dilated  lymphatic  rootlets 
in  the  base  of  the  tail  and  in  the  fins.  The  largest  internal  lymph-smus  is  m  the  region  of  the 
oesonhao-us  Many  birds  possess  a  sinus-like  dilatation  or  lymph-space  in  the  region  ol  tbe 
teil  The  lymph-spaces  communicate  with  the  venous  system-with  valves  properly  arranged- 
iisudly  hi  connection  with  the  upper  vena  cava.  Lymph-hearts  have  a  ready  been  referred  to 
(§  20?  6).  In  carnivora  the  lymph-glands  of  the  mesentery  are  united  into  one  large  compact 
mass,  the  so-called  "  pancreas  Asellii." 

On^  HISTOEICAL.— Although  the  Hippocratic  School  was  acquainted  w;ith  the  lymph^ 
elands  frmi  their  becoming  swollen  from  time  to  time,  and  although  Herophilus  and 
Itltrir  had  seen  the  m^esenteric  glands  yet  Aselli  (1662)  was  the  hrs  -  - 
described  the  lactoals  of  the  mesentery  with  their  valves  Pecquet  1648)  discovered  tut 
lecen  aculum  chyli ;  Rudbeck  and  Thom.  Bartholinus  the  lymphatic  vesse  s  (16o0-o2) 
EusS  us  (1563  w^s  acquainted  with  the  thoracic  duct,  which  Gassendus  (16o4)  niaintained 
Srat  he  ^^s  the  first  to  see;  Lister  noticed  that  the  chyle  became  blue  when  mdigo  was  m  ected 
into  the  intestine  (1671)  ;  Sommering  observed  the  separation  of  fibrm  when  ymph  coagulated, 
Ksfand  Emmert  discovered  the  lymph-corpuscles.  The  chemical  investigations  date  from 
Sie  first  quarter  of  this  century  ;  they  were  carried  out  by  Lassaigne,  Tiedemann,  Gmelin  and 
others  The  two  last-named  observers  noticed  that  the  white  colour  of  chyle  was  due  to  the 
presence  of  fatty  granules. 
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206.  SOUECES  OF  HEAT. — The  heat  of  the  body  is  an  uninterrapted 
evolution  of  kinetic  energy,  which  we  must  represent  to  ourselves  as  due  to 
vibrations  of  the  corporeal  atoms.  The  ultimate  source  of  the  heat  is  contained  in 
the  potential  energy  taken  into  the  body  with  the  food,  and  with  the  O  of  the  air 
absorbed  during  respiration.  The 
amount  of  heat  formed  depends  upon 
the  amount  of  energy  liberated. 

The  energy  of  the  food-stuffs  may 
be  called  "latent  heat,"  if  we 
assume  that  when  they  are  used  up 
in  the  body,  chiefly  by  a  process  of 
combustion,  kinetic  energy  is  liber- 
ated only  in  the  form  of  heat.  As  a 
matter  of  fact,  however,  mechanical 
energy  and  electrical  energy  are  de- 
veloped from  the  potential  energy. 
In  order  to  obtain  a  unit-measure  for 
the  energy  liberated,  it  is  advisable 
to  express  all  the  potential  energy 
as  heat-units. 

The  Calorimeter. — This  instru- 
ment enables  us  to  transform  the 
potential  energy  of  the  food  into  heat, 
and,  at  the  same  time,  to  measure 
the  number  of  heat-units  produced. 

Favre  and  Silbermann  used  a  water- 
calorimeter  (fig.  226).  The  substance  to 
be  burned  is  placed  in  a  large  cylindrical 
combustion-chamber  (K),  suspended  in  a 
large  cylindrical  vessel  (L)  filled  with 
water  (w),  so  that  the  combustion-chamber 
is  completely  surrounded  by  the  water. 
Three  tubes  open  into  tlie  upper  part  of 
the  chamber  ;  one  of  them  (0)  supplies 
the  air  which  is  necessary  for  combustion, 
it  reaches  almost  to  the  bottom  of  the  chamber ;  the  second  (a)  is  fi.xed  in  the  middle  of  the 
Jill,  and  IS  clcsed  above  with  a  thick  glass  plate,  and  on  this  is  placed,  at  an  angle,  a  small 
mirror  (s),  which  eiiables  an  observer  to  look  into  the  chamber,  and  observe  the  process  of 
combustion  at  c  The  third  tube  (d)  is  used  only  when  combustible  gases  are  to  be  burned  in 
t  ie  chamber.  It  can  be  closed  by  means  of  a  stop-cock.  A  lead  tube  (c,  c),  with  many 
twists,  passes  from  the  upper  part  of  the  chamber  tluough  the  water,  and  finally  opens  at  g. 


Kig.  22t). 

Water-calorimeter  of  Favre  and  Silbermann. 
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The  gaseous  products  of  combustion  pass  out  through  this  tube,  ami  in  doing  so  help  to  heat 
tlie  water.  The  cylindrical  vessel  with  the  water  is  closed  with  a  lid  which  transmits  the  four 
tubes.  The  water-cylinder  stands  on  four  feet  within  a  large  cylinder  (M),  which  is  filled  with 
some  "ood  nou-conducter  of  heat,  and  this  again  is  placed  in  a  large  vessel  filled  with  water 
(W).  "^This  is  to  prevent  any  heat  reaching  the  inner  cylinder  from  without.  A  weighed  quan- 
tity of  the  substance  (c)  to  be  investigated  is  placed  in  the  combustion-chamber.  When  com- 
bustion is  ended,  during  which  the  inner  water  must  be  repeatedly  stirred,  the  temperature  of 
the  water  is  ascertained  by  means  of  a  delicate  thermometer.  If  the  increase  of  the  tempera- 
ture and  the  amount  of  water  are  known,  then  it  is  easy  to  calculate  the  number  of  heat-units 
produced  by  the  combustion  of  a  known  weight  of  the  substance  (see  Introduction). 

The  ice -calorimeter  may  also  be  used.  The  inner  cylinder  is  filled  with  ice  and  not  with 
water  and  ice  is  also  placed  in  the  outer  cylinder  to  pi'event  any  heat  from  without  from 

acting  upon  the  inner  ice.  The  heat 
given  off  from  the  condnistion-chaniber 
causes  a  certain  amount  of  the  ice  to 
melt,  and  the  water  thereby  jn'oduced 
is  collected  and  measured.  It  requires 
79  heat-units  to  melt  1  grm.  of  ice  to  1 
grni.  of  water  at  0°  C. 

[The  amount  of  heat  produced  by  a 
living  animal  is  similarly  measured. 
The  animal  (fig.  227),  in  a  cage,  is 
placed  in  a  large  vessel,  which  is  placed 
within  another  vessel,  and  the  inter- 
space filled  with  water.  The  whole 
should  be  enclosed  in  a  large  box  packed 
with  fur,  shavings,  feathers,  or  other 
bad  conductor  of  heat.  A  tube,  D, 
opens  into  the  inner  space,  and  from 
it  there  is  an  exit-tube,  D,  which  winds 
many  times  in  the  water-space  beneath. 
Fig.  227.  Air  passes  in  through  D  and  out  by 

Water-calorimeter  of  Dulong.  D'.    The  temperature  of  the  water  is 

ascertained  by  thermometers  T  and  T',  while  the  water  is  moved  bj  a  stirrer  (S)  placed  between 
the  two.] 

Just  as  in  a  calorimeter,  although  much  more  sloivly,  the  food-stuffs  within  our 
body  are  burned  up,  oxygen  being  supplied,  and  thus  potential  energy  is  trans- 
formed into  kinetic  energy,  which,  in  the  case  of  a  person  at  rest,  almost  completely 
appears  in  the  form  of  heat. 

Heat-Units. -Favre,  Silbermann,  Frankland,  Rechenberg,  B.  D^^^^^^y.^^y' 
made  calorimetric  experiments  on  the  heat  produced  by  food.    According  to  Damlewsky,  1 


Casein,  . 

Fibrin,  . 

Peptone, 

Gin  tin,  . 

(3x-blood, 

Ox-flesh, 

Vegetable 

fibrin, 
Glutin,  . 
Legumin, 


5855 
5772 
4876 
549.3 
5900 
5724 

6231 
6141 
5573 


Palmitin,  . 

Olein, 

Stearin, 

Ox-fat, 

Glycerine,  . 

Starch, 

Dextrose,  . 

Maltose, 

Milk-sugar, 

Cane-sugar, 


8883 

Cow's  milk, 

5733  I 

8958 

Woman's 

9036 

milk. 

4837 

9686 

Egg-yelk,  • 

4479 

4179 

Potatoes,  . 
Rye-bread, 

4234 

4479 

4471 

3939 

Wheat-bread,  4351 

4163 

Rice,  . 

4806 

4162 

Peas,  . 

4889 

4173 

Buck-wheat, 

4288 

Maize,  . 

Alcohol, 

Urea, 

Muscle 

Extractives 
(Liebig's) 

Flesh  extract. 

Acetic  acid,  . 

Butjaic  acid. 

Palmitic  acid, 


5188 
6980 
2537 

j-4400 

3216 
3318 
5647 
9316 


Aq  albumin  is  only  oxidised  to  the  stage  ot  urea,  we  must  ueuuct  lmu  ,  , 

from  iSer from  those^of  albumin,  and  as  1  part  of  albumin  yields  m  round  numb  s  about  i  of 
iiuiii  un-ci  y   _  r_oT7r\  i.-;i.^rrvnm.inptrps1  for  1  ffrm.  ot  albumin.  : 


from  urea  from  tliose  oi  aioumin,  auu  us  i  pin-     ...^......^  ^  „i.  ,,„,:,, 

;r  iu'f,'r;S"S  s/sf  ;i;r»3^  p^r.^ j^^^^^^^^^^ 


ijrni. 


and  for  1  grm.  carbohydrate  =  4100  calories. 


fat  =  9300  ;  ami  lor  j.  sh".  ^ai^v.-v"'   ,  , 

When  we  know  the  weight  of  any  of  the  above-named  substances  consumed  b>  a 
man  ^rt^nlyrur  hours.^  simple  calculation  enables  us  to  determine  how  man, 
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heat-uuits  are  formed  in  the  body  by  oxidation,  i.e.,  provided  the  substance  is  com- 
pletely oxidised. 

[Several  sources  of  heat-production  or  thermogenesis  are  to  be  found  in  all 
tissues  wherever  oxidation  is  going  on.  The  metabolism  of  protoplasm  is  always 
associated  with  the  evolution  of  heat.] 

(1)  In  the  transfoimation  of  the  chemical  constituents  of  the  food,  endoived  with  a 
large  amount  of  j^oiential  energy,  into  such  substances  as  have  little  or  no  energy. 
The  organic  substances  uised  as  food  consist  of  C,  11,  O,  N,  so  that  there  takes 
place — (rt)  Combustion  of  C  into  COq,  of  H  into  HoO,  whereby  heat  is  produced ; 
1  grm.  C  burned  to  produce  COo  yields  8080  heat-units,  while  1  grm.  H  oxidised 
to  HoO  yields  34,460  heat-units.  The  O  necessary  for  these  purposes  is  absorbed 
during  respiration,  so  that,  to  a  certain  extent  at  least,  the  amount  of  heat  produced 
may  be  estimated  from  the  amount  of  0  consumed.  The  same  consumption  of  O 
gives  rise  to  the  same  amount  of  heat  whether  it  is  used  to  oxidise  H  or  C 
{Pjiiiger).  There  is  a  relation,  amounting  to  cause  and  effect,  between  the  amount 
of  heat  produced  in  the  body  and  the  O  consumed.  The  cold-blooded  animals, 
which  consume  little  O,  have  ,a  low  temperature  ;  amongst  warm-blooded  animals, 
1  kilo,  of  a  living  rabbit  takes  up  within  an  hour  0"914  grm.  O,  and  its  body  is 
heated  to  a  mean  of  38°  C.  1  kilo,  of  a  living  fowl  uses  1"186  grms.  O,  and  gives  a 
mean  temperature  of  43*9°  C.  The  amount  of  heat  produced  is  the  same  whether 
the  combustion  occurs  slowly  or  quickly;  the  rapidity  of  the  metabolism,  therefore, 
affects  the  rapidity,  but  not  the  absolute  amount  of  heat-production.  The  com- 
bustion of  inorganic  substances  in  the  body,  e.g.,  of  the  sulphur  into  sulphuric  acid, 
the  phosphorus  into  phosphoric  acid,  is  another, '  although  very  small,  source  of 
heat. 

[The  muscles  form  about  the  half  of  the  whole  mass  of  the  body  and  the  bones 
nearly  the  other  half.  In  the  latter,  oxidation  does  not  go  on  actively,  so  that  the 
muscles  must  be  the  great  seats  of  heat-production  or  thermogenesis  in  the  body. 
This  view  is  supported  by  the  fact  that  the  blood  leaving  a  muscle  at  rest  contains 
more  CO2  than  the  blood  in  the  right  ventricle.  Muscular  exercise  greatly 
increases  the  metabolism  and  the  CO,  excreted  (§  127),  but  at  the  same  time,  there 
is  a  great  increase  in  heat-production.  The  muscles,  therefore,  are  the  great  ther- 
mogenic tissues,  and  they  yield  4ths  of  the  heat  in  health.  The  several  secreting 
glands,  especially  the  liver  and  the  alimentary  canal,  during  digestion,  are  also  foci 
of  heat-formation.] 

(6)  In  addition  to  the  processes  of  combustion  or  oxidation,  all  those  chemical 
processes  in  our  body,  by  which  the  amount  of  the  available  potential  energy 
which  is  present  is  diminished,  in  consequence  of  a  greater  satisfaction  of  atomic 
affinities,  lead  to  the  production  of  heat.  In  all  cases  where  the  atoms  assume  more 
stable  positions  with  their  affinities  satisfied,  chemical  energy  passes  into  kinetic 
thermal  energy,  as  in  the  alcoholic  fermentation  of  grape-sugar,  and  other  similar 
processes. 

Heat  is  also  clevelopeJ  during  the  following  chemical  processes :  — 

(o)  During  the  union  of  bases  with  acids.  The  nature  of  the  base  determines  the  amount  of 
heat  produced,  while  the  nature  of  the  acid  is  without  efTect.  Only  in  those  cases  where  the 
acid,  c.(/.,  C0„,  is  unable  to  set  aside  the  alkaline  reaction,  the  amount  of  heat  produced  is  less, 
ihe  formation  of  compounds  of  chlorine  {e.g.,  in  the  stomach)  produces  heat. 

(^)  When  a  neutral  salt  is  changed  into  a  basic  one.  In  the  blood  the  sulphuric  and 
p  losphoric  acids  derived  from  the  combustion  of  S  and  P  are  united  with  the  alkalies  of  the 
blood  to  form  basic  salts.  The  decomposition  of  the  carbonates  of  the  blood  by  lactic  and 
phosphoric  auids  forms  a  double  source  of  heat,  on  the  one  liaiid,  by  the  formation  of  a  new 
salt,  and,  on  the  other,  by  the  liberation  of  CO.,,  which  is  partly  absorbed  by  the  blood. 

(7)  ihe  combination  of  htemoglobin  with  0  (§  36). 

During  those  chemical  processes,  whereby  the  heat  of  the  body  is  produced, 
heat-absorbmg  intermediate  compounds  are  not  unfrequently  formed.    Thus,  in 
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order  that  the  final  stage  of  more  complete  saturation  of  the  affinities  be  reached, 
intermediary  atomic  groups  are  formed,  whereby  heat  is  absorbed.  Heat  is  also 
absorbed  when  the  solid  aggregate  condition  is  dissolved  during  retrogressive 
processes.  But  these  intermediary  processes,  whereby  heat  is  lost,  are  very 
small  compared  with  the  amount  of  heat  liberated  when  the  end-products  are 
formed. 

(2)  Certain  physical  processes  are  a  second  source  of  heat. — («)  The  trans- 
formation of  the  kinetic  mechanical  energy  of  internal  oi  gans,  when  the  work 
done  is  not  transferred  outside  the  body,  produces  heat.  Thus  the  whole  of  tLe 
kinetic  energy  of  the  heart  is  changed  into  heat,  owing  to  the  resistance  opposed  to 
the  blood-stream  (§  93).  The  same  is  true  of  the  mechanical  energy  evolved  by 
many  muscular  viscera.  The  torsion  of  the  costal  cartilages,  the  friction  of  the 
current  of  air  in  the  respiratory  organs,  and  the  ingesta  in  the  digestive  tract,  all 
yield  heat. 

An  excessively  minute  amount  of  tlie  mechauical  energy  of  the  heart  is  transferred  to 
surrounding  bodies  by  the  cardiac  impulse  and  the  superficial  pulse-boats,  but  this  is  iufiui- 
tesimally  small.  During  respiration,  when  the  respiratory  gases  and  other  substances  are 
expired  a  very  small  amount  of  energy  disappears  externally,  which  does  not  become  changed 
into  heat  If  we  assume  that  the  daily  work  of  the  circulation  exceeds  86,000  kilogram-metres, 
the  heat  evolved  is  equal  to  204,000  calories,  in  twenty-four  hours  (§  93),  which  is  sufficient  to 
raise  the  temperature  of  a  person  of  medium  size  2°  C. 

(b)  When,  owing  to  muscular  activity,  the  body  produces  work  which  is  trans- 
ferred to  external  objects,  e.g.,  when  a  man  ascends  a  tower  or  mountain,  or  throws 
a  heavy  weight,  a  portion  of  the  kinetic  energy  passes  into  heat,  owmg  to  friction 
of  the  muscles,  tendons,  and  the  articular  surfaces,  as  well  as  to  the  shock  and 
pressure  of  the  ends  of  the  bones  against  each  other. 

(c)  The  electrical  currents  which  occur  in  muscles,  nerves,  and  glands  very 
iDrobably  are  changed  into  heat.  The  chemical  processes  which  produce  heat  evolve 
electricity,  which  is  also  changed  into  heat.  This  source  of  heat,  however,  is  verij 
small. 

(d)  Other  processes  are  the  formation  of  heat  from  the  ahsmytion  of  CO.,,  by  the  concentration 
of  toater  as  it  passes  through  membranes,  in  imbibition,  mid.  the  forviation  of  m  solids,  c.g.,  oi 
chalk  in  the  bones.  After  death,  and  in  some  pathological  processes  during  lite,  the  coaguU,- 
tion  of  blood  and  the  production  of  rigor  mortis  are  sources  of  heat. 
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place  of  the  old  classification  of  animals  into  "  cold-blooded  "  and  "  warm-blooded,' 
another  basis  of  classification  seems  desirable,  viz.,  the  relation  of  the  temperature 
of  the  body  to  the  temperature  of  the  surrounding  medium.  Bergmanu  introduced 
the  word  homoiothermal  for  the  warm-blooded  animals  (mammals  and  birds), 
because  these  animals  can  maintain  a  very  uniform  temperature,  even  although  th. 
surrounding  temperature  be  subject  to  considerable  variations.  The  so-called  cold- 
blooded animals  are  called  poikilothermal,  because  the  temperature  of  their 
bodies  rises  or  falls,  within  wide  limits,  with  the  heat  of  the  surrounding  medium. 

When  homoiothermal  animals  are  kept  for  a  long  time  in  a  cold  medium,  then 
heat-production  is  increased,  and  when  they  are  kept  for  a  long  time  in  a  warm 
medium  it  is  diminished.  •   ^  +„„ 

Fordyce  gave  a  proof  of  the  nearly  uniform  temperature  m  m^"-    A  ^'^^  f,, J,^ 

.minuterin  an  oven  containing  very  dry  hot  air  (§  218),  and  yet  the  t^/'^^^f  1^!^ 
of  Hs  hand,  mouth,  and  urine  was  increased  only  a  few  tenths  ot  a  degree       ^    ue  el  a  1 
Brechet  investigated  the  temperature  of  the  human  biceps  (by  means  of  tli">  . 
J:SS.>n  the  -  liad  Ln  .i^hou^^^^^  ^:^^:r^.X 
Z^^:^  TnlS'^^t  ^hei^he^!"™  placed  lor  a  .p^u-ter  of  an  hour  m 

""'"if  heat  be  rapidly  abstracted  225)  or  rapidly  supplied  (§  221)  to  the  body, 
so  as  to  produce  rapid  variation  of  the  temperature,  life  is  endangered. 
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Poikilothermal  animals  behave  very  differently;  the  temi^erature  of  their 
bodies  generally  follows,  although  with  considerable  variations,  the  temperature  of 
the  surroundings.  When  the  temperature  of  the  surroundings  is  increased,  the 
amount  of  heat  produced  is  increased,  and  when  the  surrounding  temperature  falls, 
the  amount  of  heat  evolved  within  the  body  also  falls. 

The  foUowino'  table  shows  ver}'  clearly  the  characters  of  poikilothennal  animals,  e.g.,  frogs, 
whicli  were  placed  in  air  nud  water  of  varying  temperatures.  They  were  immersed  up  to  the 
mouth.  The  temperature  was  measured  by  means  of  a  thermometer  introduced  through  the 
mouth  into  the  stomach. 


In  Water. 


Temperature  of  the 
Water. 

41-0°  C. 

30-0 

20-6 

5-9 

2-8 


Temperature  of  Frog's 
Stomach. 

38-0°  C. 

29-6 

20-7 

8'0 

5-3 


In  Air. 


Temperature  of  the 
Air. 


40-4° 
27-4 
16-4 
6-2 
5-9 


C. 


Temperature  of  Frog's 
Stomach. 


31-7'' 

19-7 

14-6 

7-  6 

8 -  (5 


Birds. 


[Temperature  of  Different  Animals, 

Temp. 


Temp. 

Swallow, 

44-03 

Thalassidroma, 

.  40-30 

Gull,  . 

37-8 

Procellaria, 

.  40-80 

Mammals. 

Goose, 

.  41-70 

Tiger,  . 

37-20 

Sparrow,  . 

(  39-08 

Horse,  . 

'.  36-80- 

-37-50 

-  \  42-10 

Rat, 

38-80 

Pigeon, 

41-80-42-50 

Hare,  . 

37-80 

Turkey,  . 

.  42-70 

Cat,  . 

."  38-30- 

-38-90 

Guinea-fowl, 

.  43-90 

Guinea-pig, 

38-80 

Duck, 

J  43-90 
■  \  42-50 

Dog,  . 

37-40 
39-00 

Crow, 

.  41-17 

39-60 

Temp. 

Panther,  .       .       .  38-90 
Mouse,     .       .  .41-1 
Dolphin,  .       .  .35-5 

(  37-30-40-00 
Sheep,  .  ]  39-50-40-00 
(  40-00-40-50 
Ape,  .  .  .  35-50 
Guinea-pig,  35-76-38-00 
Rabbit,  .  .  37-50-38-00 
Ox,  ,  .  .  .37-50 
Ass,  .  .  .  36-95 
{Gavarret  d:  RosentJial).'] 

Ecptilcs—'&wakes,  10°-12°,  but  higher  when  incubating.  Amphibians  and  fishes— 0' 5° -3° 
above  the  temperature  of  the  surroundings.  Arthropoda — 0-l°-5-8°  above  the  surroundings. 
Bees  in  a  hive,  30°-32°,  and  when  swarming,  40°.  The  following  animals  have  a  temperature 
higher  than  the  surrounding  temperature  :— Cephalopods,  0-57°;  molluscs,  0-46°;  echinoderms, 
0-40°;  medusae,  0-27°;  polyps,  0-21°  C. 

208.  ESTIMATION  OF  TEMPERATURE.— By  using  thermometric  apparatus,  we  are 
enabled  to  obtain  information  regarding  the  degi-ee  of  heat  of  the  body  to  be  investie-ated.  For 
this  purpose  the  following  methods  are  employed  : — 

A.  The  Thermometer.— Celsius  (1701-1744)  divided  his  thermometer  into  100  parts,  and 
each  part  was  again  divided  into  10  parts,  so  that  G.  could  be  easily  read  off.  All  thermo- 
meters which  have  been  used  for  a  long  time  give  too  high  readings,  hence  they  should  be  com- 
pared, from  time  to  time,  with  a  normal  thermometer.  When  taking  the  temperature,  tlie 
bulb  ought  to  be  surrounded  for  fifteen  minutes,  and  during  the  last  five  minutes  the  mercury 
column  ought  not  to  vary.  A  very  sensitive  thei-mometer  will  indicate  the  temperature  afte^- 
seven  seconds  if  the  urine  stream  be  directed  upon  its  bulb.  Minimal  and  maximal  thermo- 
meters are  often  of  use  to  the  physician. 

[Clinically,  one  of  the  thermometers  shown  in  fig.  228  may  be  used.  They  are  self-registerinc 
maximum  thermometers,  i.e.,  a  portion  of  the  mercury  is  separated  from  the  mercuriarcolumnt 
to  term  the  index,  the  top  of  which  indicates  the  temperature.  Before  being  used,  the  index- 
must  be  weU  below  the  normal  temperature.  Various  forms  of  surface  thermometers  have  been 
used.] 

Walferdin's  metastatic  thermometer  (fig.  229)  is  specially  useful  for  comparative  observation, 
ihe  tube  IS  very  narrow  in  comparison  with  the  bulb,  and  in  order  that  the  stem  be  not  too 
long,  it  13  constructed  so  that  the  amount  of  mercury  can  be  varied.  A  quantity  of  mercury  is 
takeu,  so  that  with  the  temperature  expected  the  thread  of  mercury  will  stand  about  the  middle 
A  small  bulb  at  the  upper  part  of  the  stem  receives  the  excess  of  Hg.  Supjiose  a 
40°  C.  is  to  be  measured,  the  bulb  is  first  heated  a  little  over  40°  C, 


of  the  stem, 
temperature  between  37 


320 
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it  is  then  audcloulv  cooled,  and  shaken  at  tlio  same  time,  so  that  tlie  thread  of  niercury  is 
*'  tliereby  suddenly  broken 

n''''l'''-'"'l''''l''1''i^i'!inr~^  above  40°.  The  tube  is  so 
narrow  that  1°  C.  is  equal 


Fig.  228. 

A,  Cassella's  "infallible,"  B,  "Ferris'  perfect,"  and  C,  Evans'  and  Wovmull's  "standard" 

clinical  thermometers. 

to  about  10  centimetres  of  the  length  of  the  tube,  so  that        C.  is  still  1  millimetre  in 
length.    The  scale  is  divided  empirically,  but  the  value  of  the  divisions  must  be  com- 
pared with  a  normal  ther- 
mometer. 

Kronecker  and  5Ieyer 
used  very  small  maximal 
"outflow  thermometerB," 
and  caused  them  to  pass 
through  the  intestinal 
canal,  or  through  large 
blood-vessels.  'The  mer- 
cury flows  out  of  the  short 
open  tube,  and  of  course 
more  Hows  out  the  higher 
the  temperature.  After 
these  small  bulbs  have 
passed  through  the  animal, 
a  comparison  is  instituted 
with  a  normal  thermo- 
meter, to  determine  at  what 
temperature  the  mercury 
reaches  the  free  margin  of 
the  tube. 

B.  Thermo-electric  Me- 
thod. — This  method  eu- 
,  ables  us  to  determine  the 
temperature  accurately  and 
rapidly  (fig.  230,  I).  The 
thermo-electric  galvano- 
meter of  Meissner  and 
Meyerstein  consists  of  a 
circular  magnet  sus- 
pended by  a  thread  of  silk 
(c),  to  "which  a  small 
,  mirror  (S)  is  attached.  A 
large  stationary  bar  mag- 
net (II)  is  placed  near  the 
magnet  (ni),  so  that  the 
north  poles  ()i  and  X)  of 
both  magnets  point  in  the 
same  direction,  and  it  is  so 
arranged  that  the  sus- 
pended magnet  is  caused 
to  point  to  the  north  by  a 
minimal  action  of  M.  A 
thick  copper  wire  {h,  b)  is 
coiled  several  times  roumt 
7)1  (although  in  the  fig.  it 
is  represented  as  a  single 

meter  ~  ^  coil),  and  the  ends  ot  the 

■  soldered  to  two  thermo-clements,  each  composed  of  two  diflerent  metals-iron  an. 


Fig.  229. 
Walfcrdin's 
metastatic 
thermo- 


A 

Fig.  230. 

Scheme  of  thermo-electric  arrangements  for 
estimating  the  temperature. 


wire  are 
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German  silver,  the  two  similar  frco  elements  being  united  by  a  wire  (6,),  so  that  the 
two  thornio-elements  form  part  of  a  closed  circuit.  A  horizontal  scale  (K,  K)  is  placed  at 
a  distance  of  3  metres  from  the  mirror,  so  that  the  divisions  of  the  scale  are  seen  in  the 
mirror.  The  scale  itself  rests  upon  a  telescope  (F)  directed  towards  the  mirror.  The 
observer  (B),  who  looks  through  the  telescope,  can  see  the  divisions  of  the  scale  in  the 
mirror.  When  the  magnet,  and  with  it  the  mirror,  swing  out  of  the  magnetic  meridian,  the 
observer  notices  other  divisions  of  the  scale  in  the  mirror.  When  one  of  the  thermo-elenients 
is  heated,  an  electrical  current  is  produced,  which  passes  from  the  iron  to  the  German  silver  in 
the  heated  couple,  and  causes  a  deviation  of  the  suspended  magnet.  Suppose  a  person  were 
swimming  in  the  direction  of  the  current  in  the  conducting  wire,  then  the  north  pole  of  the 
raafnet  goes  to  the  north  {Am2'^re).  The  tangent  of  the  angle  (p,  through  which  the  freely 
movable  magnet  is  diverted  by  a  galvanic  current,  from  its  position  of  rest  or  zero,  in  the 
magnetic  meridian,  is  the  same  as  the  galvanic  stream;  G  is  proportional  to  the  magnetic 
°  G 

energy  D,  i.e.,  tang.  <t>  =  ^'  If  G  is  to  remain  the  same,  and  the  tang.  <(>  to  be  as  large  as  pos- 
sible, the  magnetic  energy  must  bo  diminished  as  much  as  possible.  If  the  magnetism  of  the 
suspended  magnet  be  indicated  by  m,  and  that  of  the  earth  by  T,  the  magnetic  directing  energy 
D  =  T7i?.,  so  that  D  can  be  distinguished  in  two  ways  :  (1)  by  diminishing  the  magnetic  moment 
of  the  suspended  magnet,  as  may  be  done  by  using  a  pair  of  astatic  needles,  such  as  are  used  in 
Nobili's  galvanometer ;  (2)  and  also  by  weakening  the  magnetism  of  the  earth,  by  placing  an 
accessory  stationary  magnet  (Hauy's  rod)  in  the  same  direction,  and  near  the  suspended  magnet. 
An  important  arrangement  for  rapidly  getting  the  magnet  to  zero  is  the  dead-beat  arrangement 
of  Gauss  (not  figured  in  the  scheme).  It  consists  of  a  thick  copper  cylinder,  on  which  the  wire 
of  the  coil  is  wound.  This  mass  of  copper  may  be  regarded  as  a  closed  multiplicator  with  a 
very  large  transverse  section.  The  vibrating  magnet  induces  in  this  closed  circuit  a  current 
of  electricity,  whose  intensity  is  greatest  when  the  velocity  of  the  excursion  of  the  magnet  is 
greatest,  and  which  takes  the  opposite  direction  as  soon  as  the  magnet  returns  towards  zero. 
These  induced  currents  cause  a  diminution  of  the  vibrations  of  the  magnet  in  this  way,  that  the 
arc  of  vibration  of  the  magnet  diminishes  very  rapidly,  almost  in  a.  geometrical  progression. 
The  induced  damping-current  is  stronger,  the  less  the  resistance  in  the  closed  circuit,  and  iu 
the  damper  or  dead-beat  arrangement  itself,  the  greater  the  section  of  the  copper  ring.  This 
damping  arrangement  limits  the  oscillations  of  the  magnet,  and  it  comes  to  rest  rapidly  and 
promptly  after  3  or  4  small  vibrations,  so  that  much  time  is  saved.  The  angle  of  deviation  is 
so  small  that  the  angle  itself  may  be  taken  instead  of  the  tangent. 

The  thermo-electric  needles  of  Dutrochet  (II)  may  be  placed  in  the  circuit.  They  consist 
of  iron  and  German  silver  soldered  at  their  points  ;  or  the  needles  of  Becquerel  (III)  may  be 
used.  They  consist  of  the  same  metals  soldered  in  a  straight  line,  one  behind  the  other.  The 
needles  must  always  be  covered  by  a  varnish,  which  will  prevent  the  parenchymatous  juices 
from  acting  upon  them,  and  so  causing  a  current.  Before  the  experiment  we  must  determine 
what  extent  of  excursion  on  the  scale  is  obtained  with  a  certain  temperature.  In  order  to 
determine  this,  a  delicate  thermometer  is  fixed  to  each  of  the  thermo-couples,  and  both  are 
placed  in  oil  baths,  which  differ  in  temperature — say  by  1°  C. — as  can  be  determined  by  the 
thermometer.  "When  the  current  is  closed,  the  excursion  on  the  scale  will  indicate  1°  C. 
Suppose  that  the  excursion  was  150  mm.,  then  each  mm.  of  the  scale  would  be  equal  to  0. 
"When  this  is  determined,  the  two  thermo-needles  may  be  placed  in  the  different  tissues  or 
organs  of  animals,  and,  of  course,  we  obtain  the  difference  of  temperature  in  these  places. 
Or  one  thermo-couple  may  be  placed  in  a  bath  of  constant  temperature  (nearly  that  of  the 
body),  in  which  is  placed  a  delicate  thermometer,  while  the  other  needle  is  introduced  into 
the  organ  to  be  investigated.  In  this  case,  we  obtain  the  difference  of  temperature  between 
the  tissue  and  the  source  of  the  constant  heat.  The  electric  current  passes  in  the  warmer 
needle  from  the  iron  to  the  German  silver,  and  thus  through  the  wires  of  the  apparatus. 
For  small  differences  of  temperature,  such  as  occur  in  the  body,  the  thermo-electric  energy 
13  always  proportional  to  the  difference  of  temperature  of  the  two  needles  or  couples.  In 
place  of  a  single  pair  of  needles  several  may  be  used,  whereby  the  sensitiveness  of  the  apparatus 
is  greatly  increased.  Helmholtz  found  that  by  using  si.xteen  antimony-bismuth  coujiles,  he 
could  detect  an  increase  of  ^r^Vr"  C.  Schiffer  prepared  a  simple  thermopile  (I"\^)  by  soldering 
together  alternately  four  pairs  of  wires  of  iron  (/)  and  German  silver  (a).  These  are  placed 
m  the  two  organs  (A  and  B)  which  are  to  be  investigated,  whereby  a  very  high  degree  of 
exactness  is  obtained.  o      >  j  j     o  o 

209.  TEMPERATURE  TOPOGRAPHY.— Although  the  blood,  in  virtue  of 
its  continual  motion  (completing,  as  it  does,  the  circulation  in  twenty-three  seconds), 
must  exercise  a  very  considerable  influence  on  the  equilibration  of  the  temperature 
in  different  organs,  nevertheless,  a  completely  uniform  temperature  does  not  exist, 
and  the  temperature  varies  in  different  parts :  


X 
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1.  Skin  (J.  Damj). 

Middle  of  Uio  solo  of  the  foot,  32 •26  C. 

Near  toiido  Achillis,    .       .  33 '85 

Autovior  surface  of  leg,        .  33'05 

Middle  of  ciilf,     .       .       .  33 '85 

Bend  of  knee,      .       .       .  35-00 


Middle  of  uvpei- arm,     .       .  35-40° 

Inguinal  fold,        .       .       .  35-80 

Near  cardiac  impulse,     .       .  34-40 

Fuce   31-00 

Nose  and  tip  of  ear,       .       .  22-24 


Blood  of  the  right  heart,  .  •  38 

left  heart,   .  .  •  38-6 

aorta,         .  •  •  38-/ 

hepatic  vein,  .  •  39-7 


In  the  closed  axilla,  36-49  (mean,  of  505  individuals)  -,-36-5  to  Zr2^  {WuMkh)  •,-36-89°  C. 
{Liebermcistcr).    The  skin  over  muscles  is  warmer  than  that  over  bone  [Ktin/ccC). 
'  The  temperature  of  the  akin  of  the  head  is  higher  in  the  forehead  and  parietal  region  than  in 
the  occipital  region  ;  the  skin  on  the  left  side  of  the  head  is  warmer  than  on  the  riglit. 
Dvsnnrea  increases  the  temperature  of  the  skin.  , 

Method.-Licbermeister  determines  the  temperature  of  free  cutaneous  Burfaces  thus -.-fhe 
bulb  of  the  thermometer  is  heated  slightly  above  the  temperature  expected  ;  after  the  mercury 
begins  to  fall,  the  bulb  is  placed  on  the  skin,  and  if  the  bulb  has  the  same  temperature  as  the 
skfn,  the  mercury  remains  stationary.    This  experiment  must  be  repeated  several  tmies. 

2.  Cavities.  .  oa.Qn"  n 

Mouth  under  the  tongue,    .    37-19°  C.  I    Vagma,  tX-n^ 

Rectum,      .       .       .       .38-01       I    Unne,    .       .       •       .       .       3/  Od 
Uterine  cavity  somewhat  warmer  ;  cervical  canal  of  the  uterus  somewhat  cooler. 
The  temperature  falls  in  the  stomach  during  digestion  (§  166,  1).    Cold  injec- 
tions (ir  C.)  into  the  rectum  rapidly  lower  the  temperature  in  the  stomach  1  C. 

a'Theleniperature  of  the  hlood  is,  as  a  mean,  39°  C._  The  venous  blood  in 
internal  viscera  is  warmer  than  the  arterial,  but  it  is  cooler  in  peripheral  parts :-  ^ 

Blood  of  the  superior  vena  cava,  .       36 •TS" 
inferior  vena  cava,    .  38-11 
craral  vein,      .       .       37  ^20 
{CI.  Bernard,  and  v.  Lichig.) 

The  lower  tmimture  of  the  blood  in  the' left  heart  may  be  explained  by  the  blood  becoming 

mmmm 

in  the  crural  artery.    Superficral  veins,  more  e^P^  J  ol  ihe  hepatic  vein^ 

^9^^^?^?:^  tS^t^rSS^JeS-clilig^^  the  liver,  iVom  its 

secretory  activity  (§  210,  a),  and  partly  to  its  protected  situation. 

4.  The  individual  tissues  are  warmer  :  (1)  the  gr-eater  the  transfo^^^^^ 
kinetic  enerev  into  heat,  i.e.,  the  greater  the  tissue-metabolism  ;  (2)  the  moie  blood 
contain^  (3)  and  the  more  protected  their  situation     According  to  Heidenhain 
and  Korner,  the  cerebrum  is  the  warmest  organ  in  the  body.  ^^^^^  ^ 

Subcutaneous  tissue  (sheep),      37-35°  C.   1        JiSbVavt      '       "  •       41 '^O 
Brain,       ....       40 -20                Right  heait,  . 

T  •                                       41  -25               Lett  heart,        •       •  •        ;„  \ 

Liver,       ••••:;:„  [Bergcr.) 

Lungs,                                  41-40  4.  1  o-iT' 

Beccpierel  and  Brechet  found  the. temperaUire  of  the  human  ^^^^^^^  tissue  to  be^  l^C. 

lower  than  that  of  the  neighbouring  muscles,    ^he  horny  te^^^^^  The 

their  low  temperature  is  due  to  the  '^-"^^.^^^tmn  of  h^^^^^^^^  ^j^^  „ 
temperature  of  the  cornea  partly  depends  on  that  of  the  ms  ana  tne  n 
is  the  more  heat  it  receives  from  the  blood-vessels  of  the  ins. 

210  CONDITIONS  AFFECTING  THE  TEMPERATUEE  OF  ORGANS - 
Th7  temperature  of  the  individual  organs  is  by  no  means  constant  ,  it  is  influenced 

Jl^  irtranfount'orheat  produced  witSiu  apart  depends  upon  its  metabolism. 
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therefore,  when  the  metaholism  is  increased,  the  amount  of  heat  produced  is 
similarly  increased. 

(a)  Glands  produce  more  heat  during  the  act  of  secretion,  as  is  proved  by  the 
higher  temperature  of  their  secretion,  or  by  the  higher  temperature  of  the  venous 
blood  flowing  out  of  their  veins. 

Ludwi"  found  that  when  he  stimulated  the  chorda  tympani,  the  saliva  of  the  submaxillary 
crland  was  1  -5°  C.  warmer  than  the  blood  in  the  carotid,  which  supplied  the  gland  with  blood 
fp  ''IS)  The  blood  in  the  renal  vein  in  a  kidney  which  is  secreting  is  warmer  than  the  blood 
in  the  renal  artery.  The  secreting  liver  produces  much  heat  (§  178).  CI.  Bernard  investigated 
the  temperature  of  the  blood  of  the  portal  and  hepatic  veins  during  hunger,  at  the  beginning 
of  digestion,  and  when  digestion  was  most  active,  and  he  found  :— 

Temperature  of  portal  vein,        .       37-8'C.  )      After  4.  days     \     Blood  of  right  heart, 
hepatic  vein,      .       38-4  ■      S        starvation.       ]  38-8 
'  (Hunger  period. ) 

Temperature  of  portal  vein,        .       39 '9        )      Beginning  of 

„  hepatic  vein,      .       39-5        S  digestion. 

Temperature  of  portal  vein,        .       397        )      Digestion  most   \     Blood  of  right  heart, 
hepatic  vein,       .       41-3        \  active.         \     during  digestion,  39 -2°. 

In  the  dog  a  moderate  diet,  chemical  or  mechanical  stimulation  of  the  gastric  niucous  mem- 
brane, or  even  the  sight  of  food,  raises  the  temperatui-e  in  the  stomach  and  intestine. 

(6)  When  the  muscles  contract,  they  evolve  heat.  Davy  found  that  an  active 
muscle  became  0-7°  C.  warmer  ;  while  Becquerel,  by  means  of  a  thermo-galvano- 
meter,  found  that  human  muscles,  when  kept  contracted  for  five  minutes,  became 
r  C.  warmer  (§  302). 

This  is  one  of  the  reasons  why  the  temperature  may  rise  above  40°  during  rapid  running. 
A  temperature  obtained  by  energetic  muscular  action  usually  does  not  fall  to  the  normal  until 
after  resting  for  1\  hour.  The  low  temperature  of  paralysed  limbs  depends  partly  upon  the 
absence  of  the  muscular  contractions. 

(c)  With  regard  to  the  effect  of  sensory  nerves  upon  the  temperature,  some  of 
the  chief  points  to  ascertain  are — whether  the  circulation  is  accelerated  or  retarded 
by  their  stimulation,  or  whether  the  respiration  is  increased  or  diminished  (§  214, 
II.,  3),  and  whether  the  muscles  of  the  skeleton  are  relaxed  or  contracted  reflexly 
(§  214, 1,  3).  In  the  former  case  the  temperature  of  the  interior  and  rectum  is  in- 
creased ;  in  the  latter,  diminished. 

(d)  The  temperature  of  the  body  rises  during  mental  exertion.  Davy  observed 
an  increase  of  0'3°  C.  after  vigorous  mental  exertion. 

(e)  The  parenchymatous  fluids,  serous  fluids,  and  lymph  produce  little  heat, 
owing  to  their  feeble  metabolism,  hence  they  have  the  same  temperature  as  their 
surroundings ;  the  epidermal  and  horny  tissues  do  not  produce  heat,  they  merely 
conduct  it  from  subjacent  structures. 

(2)  The  temperature  depends,  to  a  large  extent,  tipon  the  amount  of  blood  in  an 
organ,  and  also  upon  the  rajnditr/  with  which  the  blood  is  renewed  \>y  the  circula- 
tion. This  is  best  observed  in  the  difference  of  the  temperature  between  a  cold, 
pale,  bloodless  hand,  and  a  warm,  red,  congested  one. 

Becquerel  and  Brechet  found  that  the  temperature  of  the  human  biceps  fell  several  tenths  of 
a  degree,  wlien  the  axillary  artery  was  compressed.  Ligature  of  the  crural  artery  and  vein  in 
a  dog  causes'a  fall  of  several  degrees,  if  the  extremities  be  kept  suspended  in  the  air,  they 
become  bloodless  and  cold. 

Liebermeister  has  pointed  out  a  difference  with  regard  to  the  external  and  internal  parts  of 
the  body.  The  external  parts  give  off  more  heat  than  they  produce,  so  that  they  become  cooler 
the  more  slowly  new  blood  flows  into  them,  and  warmer  the  greater  the  rapidity  of  the  blood- 
stream through  them.  Acceleration  of  the  blood-stream,  therefore,  causes  the  temperature  of 
peripheral  parts  to  approximate  more  and  more  to  the  temperature  of  internal  organs,  while 
retardation  of  the  blood-stream  causes  them  to  approach  the  temperature  of  the  surrounding 
medium.  Exactly  the  reverse  is  the  case  with  internal  parts,  where  a  large  amount  of  heat  is 
produced,  and  heat  is  given  up  almost  alone  to  the  blood  which  flows  through  them.  Their 
temperature  must  fall  when  the  blood-stream  through  them  is  accelerated,  and  it  is  raised  when 
the  blood-stream  is  retarded.  Hence  it  follows,  tliat  the  greater  the  dijferencc  of  the  temperature 
between  peripheral  and  internal  parts,  the  slower  must  he  the  velocity  of  the  circulation. 
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(3)  If  the  position  of  an  organ  be  such,  or  if  other  conditions  cause  it  to  give 
oli  heat  by  conduction  or  radiation,  then  its  temperature /a//.s. 

A  good  exaniplo  of  this  is  the  skin,  which  varies  greatly  in  temperature  according  to  the 
temi)orature  of  the  surrounding  medium,  whether  it  is  covered  or  uncovered,  whether  it  is  dry 
or  moist  with  sweat  (which  abstracts  heat  when  it  eva])orates).  When  nmch  cold  food  or  drmk 
is  taken,  the  stomach  is  cooled,  and  when  ice-cold  air  is  breathed,  the  respiratory  passages 
as  far  as  the  bronchi  are  cooled- 

211.  ESTIMATION  OF  HEAT.— Calorimetry  is  the  method  of  determining 
the  amount  of  heat  possessed  by  any  body,  or  what  amount  of  heat  it  is  capable  of 
producing.  The  unit  of  measurement  is  the  "  heat-unit,"  i.e.,  the  amount  of  heat 
(or  potential  energy)  required  to  raise  the  temperature  of  1  gramme  of  water  1°  C. 
(see  Introduction). 

Experiment  has  shown  that  equal  quanlilios  of  different  substances  require  very  unequal 
amounts  of  heat  to  raise  them  to  the  same  temperature,  e.g.,  1  kilo,  water  requires  nine  times  as 
much  heat  as  1  kilo,  iron  to  raise  it  to  the  same  temperature.  In  the  human  body,  therefore, 
which  is  composed  of  very  different  substances,  unequal  amounts  of  heat  will  be  required  to 
raise  them  all  to  the  same  temperature.  The  same  amount  of  heat  transferred  to  two  diflerent 
substances  will  raise  them  to  different  temperatures.  Hence,  bodies  of  different  temperatures 
may  contain  equal  amounts  of  heat.  The  amount  of  heat  required  to  raise  a  definite  quantity 
(e.q.,  1  grm.)  of  a  substance  to  a  certain  higher  degree  {e.g.,  V  C.)  is  ca  led  "  specific  heat 
The  specific  heat  of  water  (which  of  all  bodies  has  the  highest  specific  heat)  is  taken  as  ==1. 
By  "heat-capacity"  is  meant,  that  property  of  bodies  in  virtue  of  which  they  must  absorb  a 
given  amount  of  heat  in  order  to  have  a  certain  temperature. 

Calorimetry  is  employed  :— I.  To  determine  the  sjjecijic  heat  of  the  different  organs 
of  the  body— Owlj  a  few  observations  have  been  made.  The  mean  specific  heat 
of  the  following  animal  parts  (water  =  1)  is  : 

Human  muscle 
Ox  muscle 
Compact  bone 
vvBi^ix..       -    ^  Spongy  bone 

The  specific  heat  of  the  human  body,  as  a  whole,  ia  about  that  of  an  equal  volume 

of  water  (1).  ,       ,     ■     r  a 

Kopp's  Method. -The  solid  to  be  investigated  is  broken  in  pieces  about  the  size  of  a  pea,  and 
placed  in  a  test-tube.  A,  with  thin  walls,  which  is  closed  above  ^^1th  a  cork,  from  which  a 
pidLBu      a,  ,     ,  copper  wire  with  a  hook  on  it  ijrojects  (fig. 

231).  The  test-tube  contains  a  certain 
quantity  of  fluid  which  does  not  dissolve 
the  substance,  but  which  lies  between  its 
pieces  and  covers  it.  It  is  weighed  three 
times  to  ascertain  the  weight  (1)  of  the 
empty  glass,  (2)  after  it  is  filled  with  the 
solid  substance,  (3)  after  the  fluid  is  added, 
so  that  we  obtain  the  weight  of  the  solid 
substance,  m,  and  that  of  the  fluid,  f. 
The  test-tube  and  its  contents  are  placed 
in  a  mermrij  hath,  BB,  and  this  again  m 
an  oil  hath,  CC,  and  the  whole  is  raised 
to  a  high  temperature.  Into  BB  there  is 
introduced  a  tine  thermometer,  T.  "When 
the  tube.  A,  has  reached  the  necessary  tem- 
perature (say  40°)  it  is  rapidly  placed  in 
the  water  of  the  accompanying  calori- 
meter-box,  DD.  The  water  in  this  box, 
which  also  contains  a  thermometer,  D,  is 
kept  in  motion  until  it  has  completely 


Human  blood  =  1-02  (?) 

Arterial  blood  =  1-031  (?) 

Venous  blood  =  0-892  (?) 

Cow's  milk  =  0-992 


0-741 
0-787 
0-3 
0-71 


Fat  tissue  =  0-712 

Striped  muscle  0  -825 

Defibrinated  blood  =  0-927 
(/.  Rosenthal.) 


absorbed  all  the  heat  given  oft  by  A.  U-t 


rig.  231. 

Kopp's  apparatus  for  estimating  specific  heat.      mj^ui  ueu   , 

T  renresent  the  temperature  to  which  A  and  its  contents  were  raised  in  the  mercury  bath,  ami 

which  the  test-tube  and  its  contents  give  oft  during  cooling. 
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W  =  (s.m  +  w+a-yu)  (T-Ti)  . 
The  amount  of  heat,  W],  absorbed  by  the  calorimeter  is 

where  M  represents  the  amount  of  water  in  the  calorimeter,  t  the  original  temperature  of  the 
water  in  the  calorimeter,  and  the  temperature  to  which  it  is  raised  by  placing  A  in  it.  If 
W  and  Wj  are  equal,  then 

the  specific  heat,  s=  — — —   • 

If  a  fluid  substance  is  placed  in  the  test-tube,  and  its  weight  =  m,  and  its  specific  heat  =  s, 
the  formula  for  tlie  specific  heat  of  the  fluid  to  be  investigated  is 

_  M(<i-<)-w(T-T,) 
m  (T  -  Ti) 

II.  Calorimetry  is  more  important  for  determining  the  amount  of  heat  produced 

in  a  given  time  by  the  body  as  a  whole,  or  by  its  individual  parts. 

Lavoisier  and  Laplace  made  the  first  calorimetric  observations  on  animals  in  1783,  by  means 
of  an  ice-calorimeter  ;  a  guinea-pig  melted  13  oz.  of  ice  in  ten  hours.  Crawford,  and  afterwards 
Dulong  and  Despretz,  used  Rumford's  water-calorimeter,  which  is  similar  to  Favre  and 
Silbermann's.  Small  animals  are  placed  in  the  inner  thin-walled  copper  chamber  (K),  which 
is  placed  in  a  svater-bath  surrounded  on  all  sides  by  some  non-conducting  material.  We 
require  to  know  the  amount  of  water,  and  its  original  temperature.  The  number  of  calories 
is  obtained  from  the  increase  of  the  temperature  at  the  end  of  the  experiment,  which  lasts 
several  hours.  The  air  is  supplied  to  the  animal  through  a  special  apparatus,  resembling  a 
gasometer.    The  amount  of  COo  in  the  gases  evolved  is  estimated. 

According  to  Despretz,  a  bitch  forms  14,610  heat-units  per  hour — i.e.,  393,000 
in  twenty-four  hours.  Other  things  being  equal,  a  man  seven  times  heavier  than 
this  would  produce  in  twenty-four  hours  about  2,750,000  calories.  Senator  found 
that  a  dog  weighing  6330  grms.  produced  15,370  calories,  and  excreted  at  the  same 
time  367  grms.  CO.,.  The  first  calorimetric  experiments  on  man  were  made  by 
Scharling  (1849).  Liebermeister  estimated  the  amount  of  heat  given  off  by  a  man 
placed  in  a  cold  bath,  which  was  surrounded  with  a  woollen  covering.  Leyden 
placed  a  lower  limb  in  the  calorimeter,  whereby  6000  grms.  water  were  raised  1° 
C.  in  an  hour.  If  we  assume  that  the  total  superficial  area  of  the  body  is  fifteen 
times  greater  than  that  of  the  leg,  the  human  body  would  produce  2,376,000 
calories  in  twenty-four  hours. 

212.  THERMAL  CONDUCTIVITY  OF  TISSUES. —The  thermal  conductivity  of  animal 
tissues  is  of  special  interest  in  connection  with  the  skin  and  subcutaneous  fatty  tissue.  The 
fatty  layer  under  the  skin,  more  especially  in  the  whale,  walrus,  and  seal,  forms  a  protective 
covering,  whereby  the  conduction  of  heat  from  internal  organs  is  rendered  almost  impossible. 
Investigations  upon  this  subject,  however,  are  few.  Griess  attempted  to  estimate  the  thermal 
conductivity  by  heating  one  part  of  the  tissue,  and  determining  when  and  in  what  direction 
pieces  of  wax  placed  on  the  tissue  to  be  investigated  began  to  melt.  He  investigated  the 
stomach  of  the  sheep,  the  bladder,  skin,  hoof,  horn,  and  bones  of  an  ox,  deer's  horn,  ivory, 
mother-of-pearl,  shell  of  haliotis.  He  found  that  fibrous  tissues  conducted  heat  more  readily 
in  the  direction  of  their  fibres  than  at  right  angles  to  the  course  of  the  fibres.  Hence,  the 
figures  obtained  from  the  melted  wax  were  usually  elliptical.  Landois  has  made  similar 
observations,  and  he  finds  that  tissues  conduct  better  in  the  direction  of  their  fibres.  After 
bones,  blood-clot  was  the  best  conductor,  then  followed  spleen,  liver,  cartilage,  tendon,  muscle, 
elastic  tissue,  nail  and  hair,  bloodless  .skin,  gastric  mucous  membrane,  washed  fibrin.  It  is 
specially  interesting  to  note  how  much  better  skin  containing  blood  in  its  blood-vessels 
conducts  than  does  bloodless  skin.  Hence  little  heat  is  given  off  from  a  bloodless  skin,  while 
congested  skin  conducts  and  gives  off  much  more  heat. 

Like  all  other  substances,  the  human  body  is  enlarged  by  heat.  A  man  weighing  60  kilos., 
and  whose  temperature  is  raised  from  37°  C.  to  40°  C,  is  enlarged  about  62  cubic  centimetres. 
Connective-tissue  (tendon)  is  extended  by  heat,  while  elastic  tissue  and  the  skin,  like  caoutchouc, 
are  contracted. 

213.  VARIATIONS   OF  THE  MEAN   TEMPERATURE.— (1)  General 

Climatic  and  Somatic  Influences. —In  the  tropics  the  mean  temperature  of  the 
body  is  about  V  C.  higher  than  in  temperate  climates,  where  again  it  is  several 
tenths  of  a  degree  warmer  than  in  cold  climates;  but  this  has  recently  been 
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denied.    The  difference  is  comparatively  trivial,  when  we  remember  that  a  man  is 
subjected  to  a  variation  of  over  40°  C.  in  passing  from  the  equator  to  the  poles. 
Observations  on  more  than  4000  pensons  show  that  when  a  person  goes  from  a 
warm  to  a  cold  climate,  his  temperature  is  but  slightly  diminished,  but  when  he 
o-oes  from  a  cold  to  a  warm  climate  his  temperature  rises  relatively  considerably 
more     In  the  temperate  zgne,  the  temperature  of  the  body  during  a  cold  winter  is 
usually  0-r  to  0'3°  C.  lower  than  it  is  on  a  warm  summer  day.    The  elevation  of 
a  place  above  sea-level  has  no  obvious  effect  on  the  temperature  of  the  body. 
There  seems  to  be  no  difference  in  different  races,  nor  in  the  sexes,  other  conditions 
beino-  the  same.    Persons  of  powerful  physique  and  constitution  are  said  to  have 
o-enemlly  a  slightly  higher  temperature  than  feeble,  weak,  anajraic  persons. 

(2)  Influence  of  the  General  Metabolism.— As  the  formation  of  heat  depends 
upon  the  transformation  of  chemical  compounds,  whose  chief  final  products,  in 
addition  to  HoO,  are  CO.,  and  urea,  the  amount  of  heat  formed  nmnt  go  pari  pa^m 
with  the  amount  of  these"  excreta.  The  more  rapid  metabolism  which  sets_  in  after 
a  full  meal  causes  a  rise  of  temperature  to  several  tenths  of  a  degree  (  Digestion- 
fever  ")  As  the  metabolism  is  much  diminished  during  hunger,  this  explams  why 
the  mean  temperature  in  a  fasting  man  is  36-6°,while  it  is  37-17  on  ordinary  days 

M-ensen  also  found  that  the  temperature  fell  on  the  first  day  of  inanition  (although  there 
juigenseu  disu  luuuu  .  S    x     t,^  experiments  made  upon  starving  animals,  the 

rmn'eiS'Xt  fell  r^^^^^^^^^^  co.Ltant  for  a  considerable  time,  .vhile  during 

(3)  Age  has  a  decided  effect  upon  the  temperature  of  the  body.  The  extent  of 
the  general  metabolism  is  in  part  an  index  of  the  heat  of  the  body  at  different  ages, 
but  it  is  possible  that  other,  as  yet  unknown,  influences  are  also  active.  


Age. 


Newly-born, 
5-9  year, 
15-20  „ 
21-30  ,, 
25-30 
31-40 
41-50  „ 
51-60  ,, 
80  ,, 


Mean  Tempevature  at  the 
Ordinary  Temperature. 


Noniitil  Limits. 


Where  Measured. 


37-45°  C. 
37-72 
37-37 
37-22 

36-  91 

37-  1 
36-87 

36-  83 

37-  46 


37-35-37-5.5° 

36-87-37-62 

36-12-38-1 


36-25-37-5 


Rectum. 
Mouth  and  Rectum. 
Axilla. 


Mouth. 


NewlT-llorn  animals  exhibit  peculiarities  owing  to  the  sudden  change  in  their 
coSL  oreristeuce.  Lnmedltely  after  birth  the  'f-  .  -  «•»  7'™;^^^^^^^^^ 
li  ■  fino  mntlipr  viz  37-86  A  short  time  after  birth,  tlie  temperaiure 
XoS'wMe  wTve  to  ^en  y-four  hours  afterwards,  it  has  risen  to  the  norma 
laiis  u  »  ,  wuuB  uwoivo  K  J        on.AP,"     Rftveral  irrecfular  variations  occur 

tomnpral-nrp  of  an  infant,  which  is  o7  40  .    oeverai  lucouiai  ... 

duTng  tie  first  teeks  of  life.    During  sleep,  the 

o7Ao  0-56°,  while  continued  crying  may  raise  it  seveml  f "  J^/^^  ^ J^.^y 
Old  people,  on  account  of  their  feeble  metabolism,  produce  little  heat  t^he^ 
become  cold  sooner,  and  hence  ought  to  wear  warm  clothing  to  keep  up  their 

'TiTperiodical  Daily  Variations.-In  the  course  of  tSventy-four  hours  there  are 
reii  ar  in  the  mean  temperature,  and  these  oc^^^^^^ 

K  geLral  rule,  the  temperature  contmues  to  r.e  duru^^Jhe  day^  ^fTTT."l 


ITm  )  while  Irco^Sies  to  fall  f  .^/.  (minimum 

The  mean  temperature  occurs  at  the  third  hour  after  breakfast. 


2  to  6  A.M.). 


VARIATIONS  OF  TEMPEEATUKK. 


The  mean  height  of  all  the  temperatures  taken  during  a  day  in  a  patient  is 
called  the  "  daily  mean,"  and  according  to  Jaeger  it  is  ST-IS"  m  the  rectum  in 


Fig.  232. 

Variations  of  the  daily  temperature  in  health  during  twenty-four  hours.    L  , 

after  Liebermeister ;  J  ,  after  Jiii'gensen. 

health.  A  daily  mean  of  more  than  37-8°  is  a  "  fever  temperature,"  while  a  mean 
under  37-0°  C.  is  regarded  as  a  "collapse  temperature." 


Time. 

Bavensprung. 

J.  Davy. 

Hallmann. 

Gievse. 

JUrgensen. 

Jagei'. 

Morning,  5 
6 

36-68 

36-7 
36-7 

36-6 
36-4 

36-  9 

37-  1 

7 
8 

36-94* 

36-63 

36-98 

36-7* 

36-5* 

37-5* 

37-16* 

36-80* 

37-08* 

36-8 

36-7 

37-4 

9 

36-89 

36-9 

36-8 

37-5 

10 

37-26 

10i  =  37-36 

37-23 

37-0 

37-0 

37-5 

11 

36-89 

37-2 

37-2 

37-3 

Mid-day,  12 

36-87 

37-3* 

37-3* 

37-5* 

1 

36-83 

37 '"21 

37-13 

37-3 

37-3 

37-4 

2 

37-05 

37-50* 

37-4 

37-4 

37-5 

3 

37-15* 

37-43 

37-4* 

37-3* 

37-5 

4 

37-17 

37-4 

37-3 

37-5* 

5 

37-48 

37-05* 

5i  =  37-31 

37-43 

37-5 

37-5 

.37-5 

6 

6i  =  36-83 

37-29 

37-5 

37-6 

37-4 

7 

37-43 

74  =  36-50* 

37-31* 

37-5* 

37-6* 

37-3 

8 
9 

37-02* 

37-4 
37-4 

37-7 
37-5 

37-1* 
36-9 

10 

37-29 

37-3 

37-4 

36-8 

11 

36-85 

36-72 

36-70 

36-81 

37-2 

37-1 

36-8 

Night,  12 

37-1 

36-9 

36-9 

1 

36-65 

36-44 

37-0 

36-9 

36-9 

2 

36-9 

367 

36-8 

3 

36-8 

36-7 

36-7 

4 

36-31 

36-7 

36-7 

36-7 

As  the  variations  occur  when  a  person  is  starved  for  a  day — although  those  that  occur  at 
tha  periods  at  which  food  ought  to  have  been  taken  are  less — it  is  obvious  that  the  variations 
are  not  due  entirely  to  the  taking  of  food.    [The  *  indicates  taking  of  food.] 

The  daily  variation  in  the  frequency  of  the  pulse  often  coincides  witli  variation  of  the 
temperature.  Barensprung  found  that  the  mid-day  temperature  maximum  slightly  preceded 
the  pulse  maximum  (§  70,  3,  C). 

If  we  sleep  during  the  day,  and  do  all  our  daily  duties  during  the  night,  the 
above  described  typical  course  of  the  temperature  is  reversed.  "With  regard  to  the 
effect  of  activity  or  rest,  it  appears  that  the  activity  of  the  muscles  during  the  day 
tends  to  increase  the  mean  temperature  slightly,  while  at  night  the  mean  tempera- 
ture is  leas  than  in  the  case  of  a  person  at  rest, 
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The  peripheral  parts  of  the  body  exhibit  move  or  less  rcguhu'  variations  of  their  temperature. 
In  the  palm  of  the  luiiul,  the  progi'css  of  events  is  tlie  followinf;;:— After  a  rehitively  high  night 
temperature  there  is  a  rajiiil  fall  at  6  a.m.,  wiiich  reaches  its  miniinnm  at  9  to  10  a.m.  Tliis  is 
followed  by  a  slow  rise,  wiiich  reaches  a  high  maximum  after  dinner;  it  falls  between  1  to  3 
P.M.,  and  after  two  or  three  hours  reaches  a  minimum.  It  rises  from  G  to  8  I'.M.,  and  falls 
ngniu  towards  morning.  A  rapid  fall  of  the  temperature  in  a  peripheral  part  corresponds  to  a 
rise  of  tempci-ature  in  internal  parts. 

(5)  Many  operations  upon  the  body  affect  the  temperature.  After  haemorrliage 
the  temperature  falls  at  first,  but  it  rises  again  several  tenths  of  a  degree,  and  is 
usually  accompanied  by  a  shiver  or  slight  rigor;  several  days  thereafter  it  falls  to 
normal,  and  may  even  fall  somewhat  below  it.  The  sudden  loss  of  a  large  amount 
of  blood  causes  a  fall  of  the  temperature  of^  h  to  2°  C.  Very  long-contmued 
haemorrhage  (dog)  causes  it  to  fall  to  31"  or  29°  C. 

This  is  obviously  due  to  the  diminution  of  the  processes  of  oxidation  in  the  aniemic  body, 
and  to  the  enfeebled  circulation.  Similar  conditions  causing  diminished  metabolism  ellect  the 
same  result.  Continued  stimulation  of  the  peripheral  end  of  the  vagus,  so  that  the  heart  s 
action  is  enormously  slowed,  diminishes  the  temperature  several  degrees  in  rabbits  {Lmulois 
find  Amman). 

The  transfusion  of  a  considerable  quantity  of  blood  raises  the  temperature 
about  half  an  hour  after  the  operation.  This  gradually  passes  into  a  febrile  attack, 
which  disappears  within  several  hours.  When  blood  is  transfused  from  an  artery 
to  a  vein  of  the  same  animal,  a  similar  result  occurs  (§  102). 

(6)  Many  poisons  diminish  the  temperature,  e.g.,  chloroform  and  the  ansesthetics, 
alcohol  (§  235),  digitalis,  quinine,  aconitin,  muscarin.  These  appear  to  act  partly 
by  rendering  the  tissues  less  liahle  to  undergo  molecular  transformations  for  the  pro- 
duction of  heat.  In  the  case  of  the  ana^-sthetics,  this  effect  perhaps  occurs,  and  is 
due  possibly  to  a  semi-coagulation  of  the  nervous  substance  (?).  They  may  also 
act  partly  by  influencing  the  giving  off  of  heat  (§  214,  IL).  Other  poisons 
increase  the  temperature  for  opposite  reasons. 

The  temperature  is  increased  by  strychnin,  nicotiu,  picrotoxin  veratrin,  laudanin. 

(7)  Various  diseases  diminish  the  temperature,  which  may  be  due  either  to  lessened  pioduc- 
tion  of  heat  (diminution  of  the  metabolism),  or  to  increased  expenditure  of  heat  Loewenl^^^^^^^^^ 
found  that  in  paralytics  and  in  insane  persons,  several  weeks  before  their  'leath  the  recta 
temperature  was  30°  to  31°  C,  in  diabetes  30°  C.  or  less  ;  the  lowest  temperature  observed  and 
life  retained,  in  a  drunk  person  was  24°  C.  _  ,   ,  •    i.  i  t      /i,„f>,  on,i 

The  temperature  is  increased  in /c^^c.,  and  the  highest  point  reached  just  before  death,  and 
recorded  by  Wunderlich,  was  44-65°  C.  (compare  §  220). 

214  REGULATION  OF  THE  TEMPERATURE.— As  the  bodily  temperature 
of  man  "and  similar  animals  is  nearly  constant,  notwithstanding  great  variations  in 
the  temperature  of  their  surroundings,  it  is  clear  that  some  mechanism  must  exist 
in  the  body,  whereby  the  heat  economy  is  constantly  regulated.  This  may  be 
brought  about  in  two  ways  ;  either  by  controlling  the  transformation  of  potential 
energy  into  heat,  or  by  affecting  the  amount  of  heat  given  off  according  to  the 
amount  produced,  or  to  the  action  of  external  agencies. 

[The  constancy  or  thermostatic  condition  of  the  temperature  is  brought  about  by 
three  co-operant  factors,  the  thermogenic  or  heat-producing,  the  thermolytic  or 
heat-discharging,  and  the  thermotaxic  or  mechanism  by  which  heat-productio  and 
heat-loss  are  balanced,  and  it  is  obvious  that  the  last  must  be  m  relation  with  e 
other  ?wo  The  thermotaxic  mechanism  is  developed  last,  is  least  pronounced  in  the 
lower  vertebrata,  and  is  most  easily  liable  to  fail  under  injury  or  disease  {Mac- 

"^^I^  Regulatory  Arrangements  governing  the  Production  of  Heat.--Lieber- 
meLer  eSated  the  amount  of  belt  produced  by  a  healthy  man  at  I'S  calorie  i^r 
minute     It  is  highly  probable  that,  within  the  body,  there  exis  mechanisms 
whi     deternifne  the  mdecular  transformations,  upon  which  the  evolution  of  hea 
lepends     Th  s  is  accomplished  chiefly  in  a  reflex  manner.    The  i-eripheral  ends  of 
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cutaneous  nerves  (by  thermal  stimulation),  or  the  nerves  of  the  intestine  and  the 
digestive  glands  (by  mechanical  or  chemical  stimulation  during  digestion  or  inani- 
tion), may  be  irritated,  whereby  impressions  are  conveyed  to  the  heat-centre,  which 
sends  out  impulses  through  efferent  fibres  to  the  depots  of  potential  energy,  either 
to  increase  or  diminish  the  extent  of  the  transformations  occurring  in  them.  The 
nerve  channels  herein  concerned  are  entirely  unknown.  Many  considerations, 
however,  go  to  support  such  an  hypothesis  (§  377). 

[Thermotaxic  Mechanism,  Thermal  Nerves  and  Centres. — Just  as  the  respiration  and  the 
state  of  the  blood-vessels  are  regulated  from  a  central  focus,  so  the  question  arises,  does  the 
same  obtain  with  regard  to  temperature.  Studying  this  question,  however,  it  must  be  borne 
in  mind  that  thermometric  observations  alone  ai-e  not  sufficient ;  the  true  test  must  be  calori- 
metric.  Sir  Benjamin  Brodie  observed  that  in  a  case  of  injury  of  the  spinal  cord  in  the  neck 
the  temperature  in  the  thigh  rose  very  high.  In  some  cases  the  temperature  falls.  Wood  has 
shown  that  section  of  cord  above  the  origin  of  the  splanchnics  leads  to  decided  increase  in  the 
amount  of  heat  dissipated,  but  to  a  decided  diminution  of  heat-j)roduction.  The  vaso-motor 
paralysis  has  much  to  do  in  these  cases  with  the  loss  of  heat.  In  warm-blooded  animals, 
exposed  to  a  high  temperature,  the  heat-production  is  diminished,  but  when  they  are  exposed 
to  a  low  temperature  it  is  increased.  If  a  warm-blooded  animal's  medulla  oblongata  be  divided, 
there  is  a  fall  of  temperature,  chiefly  due  to  its  vaso-motor  paralysis,  and  such  an  animal  behaves, 
as  regards  the  effect  of  heat  aud  cold,  exactly  like  a  poikilothermal  animal,  i.e.,  its  metabolism 
and  heat-production  are  increased  by  cold  and  diminished  by  heat.  If,  however,  the  incision 
be  made  above  the  pons,  so  as  to  leave  the  vaso-motor  centre  intact  in  the  dog,  there  is  a  rise  of 
the  temperature  and  increased  heat-production  for  24  hours  afterwards.  This  suggests  the  idea 
that  this  region  is  traversed  by  inhibitory  nerves,  so  that  when  they  are  cut  off  from  their  centres 
situate  above,  the  augmentor  nerves  can  act  more  vigorously.  This  suggests  the  existence  of 
thermo-inhibitory  centres  situate  higher  up  in  the  brain.  If  an  animal  be  curavised,  not  only 
is  there  paralysis  of  voluntary  motor  acts,  but  on  stimulating  an  ordinary  motor  nerve,  not 
■only  is  there  no  muscular  contraction,  but  there  is  no  rise  of  temperatui-e  of  the  muscles  supplied 
by  that  nerve.  In  such  an  animal  the  temperature  rises  and  falls  with  the  temperature  of  the 
surrounding  medium.  Even  although  the  respirations  be  kept  constant  and  the  vaso-motor 
nerves  intact,  the  thermogenic  activity  of  muscles,  therefore,  seems  to  be  dependent  on  their 
innervation.] 

[Cerebral  Centres. — Apart  from  the  cortical  heat  centres  (§  377),  Ott,  Aronsohn,  Sachs, 
Kichet  and  others  have  shown  that  if  a  needle  be  thrust  through  the  skull  and  brain,  so  as 
to  injure  certain  deeper-seated  parts,  there  is  a  rise  of  temperature  and  increased  heat-produc- 
tion for  several  hours.  The  experiment  may  be  repeated  several  times  in  the  same  rabbit.  Ott 
gives  three  areas  which,  when  so  injured,  cause  these  effects — (1)  a  part  of  the  brain  in  the 
median  side  of  the  corpus  striatmn,  and  near  the  nodus  cursorius  ;  (2)  a  part  between  the  corpus 
striatum  and  the  optic  thalamus  ;  and  (3)  the  anterior  end  of  the  optic  thalamus  itself.  From 
the  effect  of  atropin,  Ott  suggests  the  existence  of  spinal  centres  as  well.] 

Tlie  following  phenomena  indicate  the  existence  of  mechanisms  regulating  the 
production  of  heat : — 

(1)  The  temporary  application  of  moderate  'cold  raises  the  hodily  temperature, 
while  heat,  similarly  applied  to  the  external  surface,  lowers  it  (§§  222  and  224). 

(2)  Cooling  of  the  surroundings  increases  the  amount  of  COg  excreted,  by  in- 
creasing the  production  of  heat,  while  the  O  consumed  is  also  increased  simul- 
taneously; heating  the  surrounding  medium  diminishes  the  COg  (§  127,  5). 

D.  Tinkler  found,  from  experiments  upon  guinea-pigs,  that  the  production  of  heat  was  more 
than  doubled  when  the  surrounding  temperature  was  diminished  24°  0.  The  metabolism  of  the 
guinea-pig  is  increased  in  winter  23  per  cent,  as  compared  with  summer,  so  that  the  same  rela- 
tion obtains  as  in  the  case  of  a  diminution  of  the  surrounding  temperature  of  short  duration. 

C.  Ludwig  and  Sanders- Ezn  found  that  in  a  labbit  there  was  a  rapid  increase  in  the  amount 
o{  CO.2  given  off,  when  the  surroundings  were  cooled  from  38°  to  6°  or  7°  C.  ;  while  the  excre- 
tion Avas  diminished  when  the  surrounding  temperature  was  raised  from  4°-9°  to  35°-37°,  so 
that  the  thermal  stimulation,  due  to  the  temperature  of  the  surrounding  medium,  acted  upon 
the  combustion  within  the  body.  Pfliiger  found  that  a  rabbit  which  was  dipped  in  cold  water 
used  more  0  and  excreted  more  C0„. 

If  the  cooling  action  was  so  great  as  to  reduce  the  hodih/  temperature  to  30°,  the  exchange  of 
gases  diminished,  and  where  the  temperature  fell  to  20°,  the  exchange  of  gases  was  diminished 
one-half.  It  is  to  be  remembered,  however,  that  the  excretion  of  CO.,  docs  not  go  hand  in 
hand  with  the  formation  of  CO^.  If  mammals  be  placed  in  a  tcarm'ha.th,  which  is  2°  to  3° 
higher  than  their  own  temperature,  the  excretion  of  CO2  and  the  consumption  of  0  are  increased. 
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owing  to  tlio  stimulation  of  their  metabolism,  while  the  excretion  of  urea  is  also  increased  in 
animals  anil  in  man  (g  133,  5). 

(3)  Cold  acting  upon  the  skin  causes  involuntary  muscular  movements 
(shivering,  rigors),  and  also  voluntary  movements,  both  of  which  produce  heat. 

The  cold  excites  the  action  of  the  muscles,  which  is  connected  with  processes  of  oxidation 
(T'lluricr)  After  iioi.soning  with  curara,  which  paralyses  voluntary  motion,  this  regnlation  of 
the  heat  falls  to  a  minimiim  {Rohrici  and  Zuntz),  [while  the  bodily  temperature  rises  and  tails 
with  a  rise  or  fall  in  the  temperature  of  the  surrounding  medium]. 

(4)  Variations  in  the  temperature  of  the  surroundings  affect  the  appetite 
for  food  ;  in  winter,  and  in  cold  regions,  the  sensation  of  hunger  and  the  appetite 
for  the  fats,  or  such  substances  as  yield  much  heat  when  they  are  oxidised,  are 
increased  ;  in  summer,  and  in  hot  climates,  they  are  diminished.  Thus  the  mean 
temperature  of  the  surroundings,  to  a  certain  extent,  determines  the  amount  of  the 
heat-producing  substances  to  be  taken  in  the  food. 

II.  Eegulatory  Mechanisms  governing  the  Excretion  of  Heat  or  Thermolysis. 
—The  mean  amount  of  heat  given  off  by  the  human  skin  in  twenty-four  hours,  by 
a  man  weighing  82  kilos.,  is  2092  to  2592  calories,  i.e.,  1-36  to  1-60  per  mmute 

(1)  Heat  causes  dilatation  of  the  cutaneous  vessels  ;  the  skm  becomes  red 
congested,  and  soft  ;  it  contains  more  fluids,  and  becomes  a  better  conductoi-  ot 
heat  •  the  epithelium  is  moistened,  and  sweat  appears  upon  the  surface,  ibus 
increased  excretion  of  heat  is  provided  for,  while  the  evaporation  of  the  sweat  also 

abstracts  heat.  •       i  + 

The  amount  of  heat  necessary  to  convert  into  vapour  1  gi-m.  of  water  at  100°  C,  is  equa  to 
that  required  to  heat  10  grms.  from  0°  to  53  -67°  C.  Tlie  sweat  as  secreted  is  at  the  temperature 
of  tlrbody  if  it  were  completely  changed  into  vapour,  it  would  reqnire  the  heat  necessary  to 
raise  it  to  the  boiling  point,  and  also  that  necessary  to  convert  it  into  vapour. 

Cold  causes  contraction  of  the  cutaneous  vessels ;  the  skin  becomes  pale,  less 
soft  poorer  in  juices,  and  collapsed  ;  the  epithelium  becomes  dry,  and  does  not 
nermit  fluids  to  pass  through  it  to  be  evaporated,  so  that  the  excretion  of  heat  is 
diminished  The  excretion,  of  heat  from  the  periphery,  and  the  transverse  thermal 
conduction  through  the  skin,  are  diminished  by  the  contraction  of  the  vessels  and 
muscles  of  the  skin,  and  by  the  expulsion  of  the  well-conducting  blood  from  the 
cutaneous  and  subcutaneous  vessels.  The  cooling  of  the  body  is  very  much  affected 
owincx  to  the  diminution  of  the  cutaneous  blood-stream,  just  as  occurs  when  tne 
current  through  a  coil  or  worm  of  a  distillation  apparatus  is  greatly  diminished 
If  the  blood-vessels  dilate,  the  temperature  of  the  surface  of  the  body  rises,  the 
difference  of  temperature  between  it  and  the  surrounding  cooler  medmm  ^"^^^^^^^^^^^ 
and  thus  the  excretion  of  heat  is  increased.  Tomsa  has  shown  that  the  fibres  of 
the  skin  are  so  arranged  anatomically,  that  the  tension  of  t^^.^fj- .J^^.^fJ^ 
the  erector  pili  muscles  causes  a  diminution  in  the  thickness  of  the  skm,  thi.  result 
beincr  brought  about  at  the  expense  of  the  easily  expelled  blood. 

Tiv^the  systematic  application  of  stinmli,  e.g.,  cold  baths,  and  washing  with  cold  water  the 
mS^l  s  of^h^S^aXts  blood-vessels  may  L  caused  to  contract        ^^-f  ^^'^^ 

*^'(2)'^Incr"^ased  temperature  causes  increased  heart-beats  while  ^^^^^^^ 
temperature  diminishes  the  number  of  contractions  ot  the  heart  f  Jj: 
TlStVvely  warm  blood  is  pumped  by  the  action  of  the  heart  from  the  jnteina 
orcrans  of  the  body  to  the  surface  of  the  skin,  where  it  readily  gives  off  heat,  ibe 
Se  frequently  the  same  volume  of  blood  passes  through  the  ^kin-twenty-  e^ 
Cart  beats  being  necessary  for  the  complete  circuit  of  the  blood-the  greater  v^l 
b  the  amount  of  heat  gLn  off,  and  conversely.  Hence,  t^e  -qu-^"  o^^t^^^^^ 
heart-beat  is  in  direct  relation  to  the  rapidity  of  coohng.    In  vei)  hot  air  ^onc 
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100°  C.)  the  pulse  rises  to  over  160  per  minute.    The  same  is  true  in  fever  (§  70, 
3,  (;).    Liebermeister  gives  the  following  numbers  in  an  adult : — 

Pulse-beats,  per  miu.,       78-6       91-2       99-8       lOS'S       110  137-.'-. 

Temperature  in  C^,      .     37°        38°.       39°         40°        41°  42 

(3)  Increased  Temperature  increases  the  Number  of  Respirations. — Under 
ordinary  circumstances,  a  much  larger  volume  of  air  passes  through  the  lungs 
when  it  is  warmed  almost  to  the  temperature  of  .the  body.  Further,  a  certain 
amount  of  watery  vapour  is  giveu  off  with  each  expiration,  which  must  be 
evaporated,  thus  abstracting  heat.  Energetic  respiration  aids  the  circulation,  so 
that  respiration  acts  indirectly  in  the  same  way  as  (2).  According  to  other 
observers,  the  increased  consumption  of  O  favours  the  combustion  in  the  l)ody, 
whereby  the  increased  respiration  must  act  in  producing  an  amount  of  heat  greater 
than  normal  (§  127,  8).  This  excess  is  more  than  compensated  for  by  the  cooling 
factors  above  mentioned.  Forced  respiration  produces  cooling,  even  when  the  air 
breathed  is  heated  to  54°  C,  and  saturated  with  w&terj  vapour. 

(i)  Covering  of  the  Body. — Animals  become  clothed  in  winter  with  a  winter 
fur  or  covering,  while  in  summer  their  covering  is  lighter,  so  that  the  excretion  of 
heat  in  surroundings  of  different  temperatures  is  thereby  rendered  more  constant. 

Many  animals  which  live  in "  very  cold  air  or  water  (whale)  are  protected  from 
too  rapid  excretion  of  heat  by  a  thick  layer  of  fat  under  the  skin.  Man  provides 
for  a  similar  result  by  adopting  summer  and  winter  clothing. 

(5)  The  position  of  the  body  is  also  important ;  pulling  the  parts  of  the  body 
together,  approximation  of  the  head  and  limbs,  keep  in  the  heat ;  spreading  out 
the  limbs,  erection  of  the  hairs,  pluming  the  feathers,  allow  more  heat  to  be  evolved. 
If  a  rabbit  be  kept  exposed  to  the  air  with  its  legs  extended  for  three  hours,  the 
rectal  temperature  will  fall  from  39°  C.  to  37°  C.  Man  may  influence  his 
temperature  by  remaining  in  a  warm  or  a  cold  room — by  taking  hot  or  cold 
drinks,  hot  or  cold  baths — -remaining  in  air  at  rest  or  air  in  motion,  e.g.,  by  using 
a  fan. 

CLOTHING. — Warm  Clothing  is  the  Equivalent  of  Food. — As  clothes  are  intended  to  keep 
in  the  heat  of  the  body,  aad  heat  is  produced  by  the  combustion  and  oxidation  of  the  food,  \ve 
may  say  the  body  takes  in  heat  directly  in  the  food,  while  clothing  prevents  it  from  giving 
off  too  much  heat.  Summer  clothes  weigh  3  to  4  kilos.,  and  winter  ones  6  to  7  kilos. 
In  connection  with  clothes,  the  following  considerations  are  of  importance  : — 
(1)  Their  capacity  for  coiuluction. — Those  substances  which  conduct  heat  badly  keep  us 
warmest.  Hare-skin,  down,  beaver-skin,  raw  silk,  taffeta,  sheep's  wool,  cotton  wool,  flax, 
spun-silk,  are  given  in  order,  from  the  worst  to  the  best  conductors.  (2)  The  ccqmcity  for 
radiation. — Coarse  materials  radiate  more  heat  tb an' smooth,  but  coloi;r  has  no  effect.  (3) 
Relation  to  the  sun's  rays. — Dark  materials  absorb  more  heat  than  light-coloured  ones.  (4) 
Their  hygroscopic  properties  are  important,  whether  they  can  absorb  much  moisture  from  the 
skin  and  gradually  give  it  off  by  evaporation,  or  the  reverse.  The  same  weight  of  wool  takes  up 
twice  as  much  as  linen  ;  hence,  the  latter  gives  it  off  in  evaporation  more  rapidly.  Flannel 
next  the  skin  is  not  so  easily  moistened,  nor  does  it  so  rapidly  become  cold  by  evaporation  ; 
hence  it  protects  against  the  action  of  cold.  (5)  permeability  for  air  is  of  importance,  but 
does  not  stand  in  relation  with  the  heat-conducting  capacity.  The  following  substances  are 
arranged  in  order  from  the  most  to  the  least  permeable — flannel,  buck-skin,  linen,  silk,  leather, 
waxcloth. 

215.  HEAT-BALANCE. — As  the  temperature  of  the  body  is  maintained 
within  narrow  limits,  the  amount  of  heat  taken  in  must  balance  the  heat  given  off, 
i.e.,  exactly  the  same  amount  of  potential  energy  must  be  transformed  in  a  given 
time  into  heat,  as  heat  is  given  off  from  the  body.  An  adult  produces  as  much 
heat  in  half  an  hour  as  will  raise  the  temperature  of  his  body  1°  C.  If  no  heat 
were  given  off,  the  body  would  become  very  hot  in  a  short  time ;  it  would  reach 
the  boiling  point  in  thirty-six  hours,  supposing  the  production  of  heat  continued 
uninterruptedly.  The  following  are  the  most  important  calculations  on  the 
subject : — 
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A.  Helmlioltz  was  the  iiist  to  estimate  numerically  the  amoiuit  of  heat  produced  by  a 
man  : — 

(1)  Heat-income. — («)  A  healthy  adult,  weighing  82  kilos.,   expires  in 

twcnty-lbur  hours  878*4  grnis.  CO.,  (SclMrlimj).    The  combustion  of 

the  C  therein  into  COj  produces     '   1,730,760  cal. 

{b)  But  he  takes  in  more  0  than  reappears  in  the  CO,  ;  the  excess  is 
used  in  oxidation-processes,  e.g.,  for  the  formation  of  by 
union  with  H,  so  that  13,615  grms.  H  will  be  oxidised  by  the 
excess  of  0,  which  gives   318,600  ,, 

2,049,360  cal. 

(c)  About  25  per  cent,  of  the  heat  must  be  referred  to  sources  other 

than  combustion  (Z)KZow.r/),  so  that  the  total     .....  =2,732,000  ,, 
2,732,000  calories  are  actually  sufficient  to  raise  the  temperature  of  an  adult,  weighing 
80  to  90  kilos.,  from  10°  to  38°  or  39°  C,  i.e.,  to  a  normal  temperature. 

(2)  Heat-expenditure. — (a)  Heating  the  food  and  drink,  which 

have  a  mean  temperature  of  12°  C.       .       .       .    _  ;        70,157  cal.  =  2-6  per  cent. 
(6)  Heating  the  air  respired  =  16,400  grms.  with  an  initial 

temperature  of  20°  C   70,032  „  =  2-6 

( JFhen  the  temperature  of  the  air  is  0°,  140,064  cal.  =5-2  per  cent.) 
((;)  Evaporation  of  656  grms.  water  by  the  lungs,       .  _    .       397,536  cal.  =147  ,, 
(rf)  The  remainder  given  off  by  radiation  and  evaporation  of 

water  by  the  skin  {77-5  per  cent,  to)  =  80 'l 

B.  Dulong.— (1)  Heat-income. —Dulong  and  others  sought  to  estimate  the  amount  of  heat 
from  the  C  and  H  contained  in  the  food.  As  we  know  that  the  combustion  of  1  grm.  C  =  8040 
heat-units,  and  1  grm.  H  =  34,460  heat-units,  it  would  be  easy  to  determine  the  amount  of  heat 
were  the  C  simply  converted  into  CO.,  and  the  H  into  H,0.  But  Dulong  omitted  the  H  in  the 
carbohydrates  {e.g.,  grape-sugar  =  CgHi20fi)  as  producing  heat,  because  the  H  is  already  com- 
bined with  0,  or  at  least  is  the  proportion  in  which  it  exists  in  water.  This  assumption  is 
hypothetical,  for  the  atoms  of  C  in  a  carbohydrate  may  be  so  firmly  united  to  the  other  atoms, 
that  before  oxidation  can  take  place  their  relations  must  be  altered,  so  that  potential  energy  is 
used  up,  i.e.,  heat  must  be  rendered  latent;  so  that  these  considerations  rendered  the  following 
example  of  Dulong's  method  given  by  Vierordt  very  problematical  :— 

An  adult  eats  in  twenty-four  hours,  120  grms.  proteids,  90  grms.  fat,  and  340  grms.  starch 
(carbohydrates).    These  contain  : — 

Proteids                       .          .  120  grms.  contain    64-18  C.  and  8*60  H. 

Fat,      '  .          -          .          .  90    „         „        70-20        „  10-26 

Starch,    .          .          .          .  330    „         „       146-82  - 

281-20  and  18-86 
The  urine  and  fffices  contain  still  unconsumed,     .  .29-8      ,,  6-3 


Eemaiudcr  to  be  burned,  .  .  .  251-4    and  12-56 

As  1  grm.  C  =  8040  heat-units  and  1  grm.  H  =  34,460  heat-units,  we  have  the  following  cal- 
culation;—  ,„  ,    ^.  . 

251-4  X  8,040  =  2,031,312  (from  combustion  of  C). 

12-56  x  34,460=    432,818  (   „  ,,  H). 

2,464,130  heat-units. 

(2)  Heat-expenditure  :—  Per  cent,  of 

Heat-units,   the  excreta. 

1.  1900  grms.  are  excreted  daily  by  the  urine  and  foeces,  and  they 

are  25°  warmer  than  the  food,    .  .  .  .  .  47,50U 

2.  13,000  grms.  air  are  heated  (from  12°  to  37°  C.)  (heat-capacity 

of  the  air  =  0-26),  .  .  ' 

3.  330  grms.  water  are  evaporated  by  the  respiration  (1  grm.  =&b-  ^ 

heat-units),        .  .  •  •    .       •  •  -      oQi'ion  Ti-'^7 

4.  660  grms.  water  are  evaporated  from  the  skin,    .  .  • 

Total  708,180 
Remainder  radiated  and  conducted  from  the  skin,       .          •  1.791,8-20  71-6/ 

Total  amount  of  heat-units  given  off,     .  .  •  2,500,000  100-00 

C.  Heat-income. -Frankland  burned  the  food  directly  in  a  calorimeter,  and  found  that 
1  grm.  of  the  following  substances  yielded  :— 
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Albumin,  1  gnu.,     .  .  .  ,  4998  heat-units. 

Grape-sugai-,  1  grai.,  .          .  .  3217  ,, 

Ox  fat,  1  grm.,         ....  9069  „ 

The  albumin,  however,  is  only  o.xidisod  to  the  stage  of  urea,  hence  the  heat-units  of  urea 

must  be  deducted  from  4998,  which  gives  4263  heat-units  obtainable  from  1  grni.  albumin. 

"When  we  know  the  number  of  grammes  consumed,  a  simple  multiplication  gives  the  imrnber 

of  heat-units. 

The  heat-units  will  vary,  of  course,  with  tlie  nature  of  the  food.  J.  Ranke  gives  the  fol- 
lowing : — 

With  animal  diet,         ....  2,779,524  heat-units. 

,,    food  free  from  N,  ....  2,059,506  ,, 

„    mixed  diet,  ....  2,200,000  ,, 

,,    during  hunger,      ....  2,012,816  ,, 

216.  VAEIATIONS  IN  HEAT-PRODUCTION.— (1)  Influence  of  Bodily  Surface.— Rubner 
found  that  the  production  of  lieat  depended  more  upon  the  size  of  the  body  and  its  superficial 
area  than  upon  the  body-weight.  Small  or  young  animals  have  a  relatively  larger  surface  than 
large  or  older  ones,  and  as  the  removal  of  heat  takes  place  chiefly  from  the  external  surface 
animals  with  a  larger  surface  must  produce  more  heat.  Small  animals  used  relatively  more  0.' 
Rubner's  investigations  on  dogs  of  ditterent  size  gave  a  heat-production  of  1,143,000  calories  for 
every  square  metre  of  cutaneous  surface.  On  comparing  the  body-weight  with  the  cutaneous 
surface  in  different  animals,  he  found  that  for  every  1  kilo,  of  body-weight  there  was  in  the  rat 
1650,  rabbit  946,  man  287  square  centimetres  of  surface. 

(2)  Age  and  Sex.— The  heat-production  is  less  in  infancy  and  in  old  age,  and  it  is  less  in 
proportion  in  the  female  than  in  the  male. 

(3)  Daily  Variation. — The  heat-production  shows  variations  in  twenty-four  hours  correspond- 
ing with  the  temperature  of  the  body  (§  213,  4). 

(4)  The  heat-production  is  greater  in  the  waking  condition,  during  physical  and  mental 
exertion,  and  during  digestion,  than  in  the  opposite  conditions. 

217.  RELATION  OF  HEAT-PRODTTCTION  TO  WORK— The  potential 
energy  supplied  to  the  body  may  be  transformed  into  heat  and  kinetic  energy 
(see  Introduction).  In  the  resting  condition,  almost  all  the  potential  energy  is 
changed  into  heat ;  the  workman,  however,  transforms  potential  energy  into  work 
— mechanical  work — in  addition  to  heat.  These  two  may  be  compared  by  using 
an  equivalent  measurement,  thus,  1  heat-unit  (energy  required  to  raise  1  gramme 
of  water  1°  C.)  =  425"5  gramme-metres. 

Relation  of  Heat  to  Work.— The  following  example  may  serve  to  illustrate  the  relation 
between  heat-production  and  the  production  of  work:— Suppose  a  small  steam-engine  to  be 
placed  within  a  capacious  calorimeter,  and  a  certain  quantity  of  coal  to  be  burned,  then  as  lono- 
as  the  engine  does  not  perform  any  mechanical  work,  heat  alone  is  produced  by  the  burning  of 
the  coal.  Let  this  amount  of  heat  be  estimated,  and  a  second  experiment  made  by  burning  the 
same  amount  of  coal,  but  allow  the  engine  to  do  a  certain  amount  of  work— say,  raise  a  weight 
—by  a  suitable  arrangement.  This  work  must,  of  course,  be  accomplished  by  the  potential 
energy  ot  the  heating  material.  At  the  end  of  this  experiment,  the  temperature  of  the  water 
will  be  much  less  than  in  the  lirst  experiment,  i.e.,  fewer  heat-units  have  been  transferred  to  the 
calorimeter  when  the  engine  was  heated  than  when  it  did  no  work.  Comparative  experiments 
ot  tins  nature  have  shown  that  in  the  second  experiment,  the  useful  work  is  very  nearlv  pro- 
portional to  the  decrease  of  the  heat  {Him). 

Compare  this  with  what  happens  within  the  body :— A  man  in  a  passive 
condition  forms  from  the  potential  energy  of  the  food  between  21  to  2f  million 
calories.  The  work  done  by  a  workman  is  reckoned  at  300,000  kilogramme- 
metres  (§  300). 

If  the  organism  were  precisely  similar  to  a  machine,  a  smaller  amount  of  heat, 
corresponding  to  the  work  done,  would  be  formed  in  the  body.  As  a  matter  of 
tact,  the  organism  produces  less  heat  from  the  same  amount  of  potential  energy 
when  mechanical  work  is  done.  There  is  one  point  of  difference  between  a 
workman  and  a  working  machine.  The  workman  consumes  much  more  potential 
energy  in  the  same  time  than  a  passive  person ;  much  more  is  transformed  in  his 
body ;  and  hence  the  increased  consumption  is  not  only  covered,  but  even  over- 
compensated  Hence,  the  workman  is  warmer  than  the  passive  person,  owing  to 
the  increased  muscular  activity  (§210,  1,  h).    Take  an  example  :-Hirn  rematned 
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passive,  and  absorbed  30  grin.  0  per  hour  in  a  calorimeter,  and  produced  155 
calories.  When  in  the  calorimeter  he  did  work  equal  to  27,450  kilogramme- 
metres,  which  was  transferred  beyond  it;  he  absorbed  132  grm.  0,  and  produced 
only  251  calories. 

In  estimating  tho  work  done,  we  must  include  only  the  heat-equivalent  of  the  work  transferred 
beyond  the  body ;  lifting  weights,  pushing  anything,  throwing  a  weight,  and  lifting  the  body, 
are  examples.  In  ordinary  walking  we  must  take  into  account  that  we  overcome  the  resistance 
of  the  air  and  the  activity  of  the  muscles. 

The  organism  is  superior  to  a  machine  in  as  far  as  it  can,  from  the  same  amount 
of  potential  energy,  produce  more  work  in  proportion  to  heat.  Whilst  the  very 
best  steam-engine  gives  of  the  potential  energy  in  the  form  of  work,  and  |  as 
heat,  the  body  produces  \  as  work  and  4  as  heat.  Chemical  mtryy  can  never  do 
work  alone,  in  a  living  or  dead  motor,  without  heat  being  formed  at  the  same 
time. 

218  ACCOMMODATION  FOE  VAEYING  TEMPERATUEES.— All  sub- 
stances which  possess  high  conductivity  for  heat,  when  brought  into  contact  with 
the  skin  appear  to  be  very  much  colder  or  hotter  than  bad  conductors  of  heat. 
The  reason  of  this  is  that  these  bodies  abstract  far  more  heat,  or  conduct  more 
heat  than  other  bodies.  Thus  the  water  of  a  cool  bath,  being  a  better  conductor 
of  heat,  is  always  thought  to  be  colder  than  air  at  the  same  temperature.  In  our 
climate  it  appears  to  us  that — 


Air,  at  18°  C.  is  moderately  warm  ; 
at  25°-28°  C,  hot; 
above  28°,  verv  hot. 


Water,  at  18°  C.  is  cold  ; 

from  18°-29°  C,  cool; 
,,    29°-35°  C,  warm  ; 
37 '5°  and  above,  hot. 


Warm  Media  —As  long  as  the  temperature  of  the  body  is  higher  than  that  of 
the  surrounding  medium,  heat  is  given  off,  and  that  the  more  rapidly  the  better 
the  conducting  power  of  the  surrounding  medium.  .  As  soon  as  the  temperature  of 
the  surrounding  medium  rises  higher  than  the  temperature  of  the  body,  the  latter 
absorbs  heat,  and  it  does  so  the  more  rapidly  the  better  the  conducting  power  ot 
the  medium.  Hence,  hot  water  appears  to  be  _  warmer  than  air  a  the  _same 
temperature.  A  person  may  remain  eight  minutes  m  \  ^^'l^}-. 
(dangerous  to  life  ! ) ;  the  hands  may  be  plunged  into  water  at  50-o  C,  but  not  at 
51-65°  C    while  at  60°  violent  pain  is  produced. 

A  person  may  remain  for  eight  minutes  in  hot  air  at  127°  C,  and  a  temperature 
of  132°  C  has  been  borne  for  ten  minutes,  and  yet  the  body  temperature  rises  only  to 
38-6°  or  38-9°  This  depends  upon  the  air  being  a  bad  conducter,  and  thus  it  gives 
less  heat  to  the  body  than  water  would  do.  Further,  and  what  is  more  importan  ,  he 
kin  becomes  covered  with  sweat,  which  evaporates  and  abstracts  heat,  whi  e  the 
luncrs  also  give  off  more  watery  vapour.  The  enormously  increased  hear  -beats- 
ovef  160-and  the  dilated  blood-vessels,  enable  the  skin  to  obtain  an  ample  supply 
of  blood  for  the  formation  and  evaporation  of  sweat.  In  proportion  as  he  secretion 
o  sweat  diminishes,  the  body  becomes  unable  to  endure  a  hot  atmosphere  ;  h^^^^ 
it  is  that  in  air  containing  much  watery  vapour  a  person  cannot  ^jdure  nearly  so 
high  a  temperature  as  in  dry  air,  so  that  heat  rnust  accumulate  the  body^  In  a 
Turkish-vapour  bath  of  53°  to  60°  C,  the  rectal  temperature  rises  to  40  (  or  41  6 
C.    A  person  may  work  continuously  in  air  at  31°  C.  which  is  almost  saturated  with 

"nT  person  be  placed  in  water  at  the  temperature  of  the  body,  the  normal 
tpmnprflture  rises  1°  C.  in  one  hour,  and  in  U-  hour  about  2  C.  A  giaduai 
LcrLse  of  the  temperature  from  38-6'  to  40-2°  C.  causes  the  axillary  temperature 
to  rise  to  39-0°  within  fifteen  minutes. 

01Q  STOEAGE  OF  HEAT.— As  the  uniform  temperature  of  the  body,  under 
J^I-.^Zt^..  l^^^^  to  the  reciprocal  relation  between  the  amount  ol  heat 
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produced  and  the  amount  given  oif,  it  is  clear  that  heat  must  be  stored  up  in  the 
body  when  the  evolution  of  heat  is  diminished.  The  skin  is  the  chief  organ 
regulating  the  evolution  of  heat ;  vi'hen  it  and  its  blood-vessels  contract,  the  heat 
evolved  is  diminished,  when  they  dilate,  it  is  increased.  Heat  may  be  stored  up 
when — 

(a)  The  skin  is  extensively  stimidatcd,  whereby  the  cutaneous  vessels  arc  temporarily  con- 
tracted, (b)  Any  other  circumstances  prevent  heat  from  being  given  off  by  the  skin,  (c) 
When  the  vaso-motor  centre  is  excited,  causing  all  the  blood-vessels  of  the  body— those  of  the 
skin  included — to  contract.  This  seems  to  be  the  cause  of  the  rise  of  temperature  after  trans- 
fusion of  blood,  and  the  rise  of  temperature  after  the  sudden  removal  of  water  from  the  body  seems 
to  admit  of  a  similar  explanation,  as  the  inspissated  blood  occupies  less  space,  and  the  con- 
tracted vessels  of  the  skiu  admit  less  blood,  (d)  When  the  circulation  in  the  cutaneous  vessels 
of  a  large  area  is  mechanically  slowed,  or  when  the  smaller  vessels  are  plugged  by  the  injection 
of  some  sticky  substance,  or  by  the  transfusion  of  foreign  blood,  the  temperature  rises  (§  102). 

It  is  also  obvious  that  when  a  normal  amount  of  heat  is  given  off,  an  increased 
production  of  heat  must  raise  the  temperature.  The  rise  of  the  temperature  after 
muscular  or  mental  exertion,  and  during  digestion,  seems  to  be  caused  in  this  way. 
The  rise  which  occurs  several  hours  after  a  cold  bath  is  probably  due  to  the  reflex 
excitement  of  the  skin  causing  an  increased  production  {Jiirgensen). 

When  the  temperature  of  the  body,  as  a  whole,  is  raised  6°  C,  death  takes  place, 
as  in  sunstroke.  It  seems  as  if  there  was  a  molecular  decomposition  of  the  tissues 
at  this  temperature ;  while,  if  a  slightly  lower  temperature  be  kept  up  continuously, 
fatty  degeneration  of  many  tissues  occurs  [Litten).  If  animals,  which  have  been 
exposed  artificially  to  a  temperature  of  over  42°  to  44"  C,  be  transferred  to  a 
cooler  atmosphere,  their  temperature  becomes  sub-normal  (36°  C),  and  may  remain 
so  for  several  days. 

220.  FEVER. — Fever  consists  in  a  "disorder  of  the  body  heat"  and  at  the  same  time  there 
is  greatly  increased  tissue  metabolism  (especially  in  the  muscles).  Of  course  the  mechanism 
regulating  the  balance  of  formation  and  expenditure  of  heat  is  disturbed.  During  fever  the 
body  is  greatly  incapacitated  for  performing  mechanical  work.  It  is  evident,  therefore,  that 
the  large  amount  of  potential  energy  ti'ansformed  is  almost  all  converted  into  heat,  so  that  the 
non-transformation  of  the  energy  into  mechanical  work  is  another  important  factor.  We  may 
take  intermittent  fever  or  ague  as  a  type  of  fever,  in  which  violent  attacks  of  fever  of  several 
hours'  duration  alternate  with  periods  free  from  fever.  This  enables  us  to  analyse  the  symptoms. 
The  symptoms  of  fever  are  : — 

(1)  The  increased  temperature  of  the  body  (38°  to  39°  C,  slight;  from  39°  to  41°  C.  and  up- 
wards, severe). — The  high  temperature  occurs  not  only  in  cases  where  the  skin  is  red,  and  has 
a  hot  burning  feeling  (calor  mordax),  but  even  during  the  rigor  or  the  shivering  stage,  the 
temperature  is  raised.  The  congested  red  skin  is  a  good  conductor  of  heat,  while  the  pale 
bloodless  skin  conducts  badly;  hence,  the  former  feels  hot  to  the  touch  (§  212). 

[The  following  table  in  °  C.  and  °  F.  indicates  generally  the  degree  of  fever : — 


35°  C.  =  95°  F.  .  .  Collapse 

36  =  96-8  .  .  Low. 

36-  5  =  977  .  .  Sub-normal. 

37  =  98-6  .  .  Normal. 

37-  5  =  99-5" 

38  =100-4  1-  .  .  Sub-febrile. 
38  "5  =101-3 


39°  C.  =102-2°  F. 


39-5    =103-1       }  Moderate  fever. 


40  =104  1  XT-  -u  f 
40-5    =104-9       I  High  fever. 

41  =105-8  Hyperpyretic. 


Finlayson.] 


(2)  The  increased  production  of  heat  is  proved  by  calorimetric  observations.  This  is,  in 
small  part,  due  to  the  increased  activity  of  the  circulation  being  changed  into  heat  (§  206,  2,  a), 
but  lor  the  most  part  it  is  due  to  increased  combustion  within  the  body. 

(3)  The  increased  metabolism  gives  rise  to  the  "consuming"  or  "wasting"  character  of 
fever,  which  was  known  to  Hippocrates  and  Galen.     In  1852  v.  Biirensprung  asserted  that 

all  the  so-called  febrile  symptoms  show  that  the  metabolism  is  increased."  The  increase  of 
the  metabolism  is  shown  in  the  increased  excretion  of  00^  =  70  to  80  per  cent.,  while  more  0  is 
consumed,  although  the  respiratory  quotient  remains  the  same.  According  to  D.  Finkler,  the 
V;-  l^'^^'e/ed  shows  greater  variations  than  the  0  consumed.  The  excretion  of  urea  is  increased 
4  to  I  In  dogs  suttering  from  septic  fever,  aSTaunyn  observed  that  the  urea  began  to  increase 
belore  the  temperature  rose,  " prefcbrile  rise."  Part  of  the  urea,  however,  is  sometimes  retained 
uunng  the  lever,  and  appears  after  the  fever  is  over,  "  epicritical  excretion  of  urea."    The  uric 
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acid  is  also  increased ;  tlio  urine  picpnciU  (§  19),  derived  I'lom  the  Im'moglobin,  may  be  increased 
twenty  times,  wliile  the  excretion  of  pulanh  may  be  soveii-lold.  It  is  important  to  observe  tliat 
the  oxidation  or  combustion  processes  within  the  body  of  the  t'ever-patieiit  ure  greatly  increased 
when  ho  is  placed  in  a  warmer  atmosphere.  The  oxidation  i)rocesses  in  fever,  however,  are  also 
increased  under  the  inllneuce  ot  cooler  surroundings  (§  214,  I.,  2),  but  the  increase  of  the  oxida- 
tion in  a  warm  medium  is  very  much  greater  than  in  the  cold  {D.  FinJcler).  The  amount  of 
COj  in  the  blood  is  diminished,  but  not  at  once  after  the  onset  even  of  a  very  severe  fever 

{Geppert).  „,    ,.  . 

(4)  The  diminished  excretion  of  heat  varies  iu  different  stages  of  a  fever.  We  distinguish 
several  stages  in  a  fever — («)  The  cold  stage,  when  the  loss  of  heat  is  greatly  diminished,  owing 
to  the  pale  bloodless  skin,  but  at  the  same  time  the  heat-production  is  increased  1^  to  2^  times. 
The  sudden  and  considerable  rise  of  the  temperature  during  this  stage  .shows  that  the  diminished 
excretion  of  heat  is  not  the  only  cause  of  the  rise  of  the  temperature,  {b)  During  the  hot  stage 
the  heat  given  off  from  the  congested  red  skin  is  greatly  increased,  but  at  the  same  time  more 
heat  is  produced.  Liebermoister  assumes  that  a  rise  of  1,  2,  3,  4°  C.  corres))onds  to  an  increased 
production  of  heat  of  6,  12,  18,  24  per  cent,  (c)  In  the  sweating  stage  the  excretion  of  heat 
through  the  red  moist  skin  and  evaporation  are  greatest,  more  than  two  or  three  times  the 
normal.  The  heat-production  is  either  increased,  normal,  or  sub-normal,  so  that  under  these 
conditions  the  temperature  may  also  be  sub-normal  (36°  C). 

(5)  The  heat-regulating  mechanism  is  injured.— A  warm  temperature  of  the  surroundings 
raises  the  temperature  of  the  fever-patient  more  than  it  does  that  of  a  non-febrile  person.  The 
depression  of  the  heat-production,  which  enables  normal  animals  to  maintain  their  normal 
temperature  in  a  warm  medium  (§  214),  is  much  less  in  fever  {D.  Finhler).  . 

The  accessory  phenomena  of  fever  are  very  important  :~Increase  in  the  intensity  and 
number  of  the  heart-beats  (§  214,  II.,  2)  and  respirations  (in  adults  40,  and  children  60  per 
min  )  both  being  compensatory  phenomena  of  the  increased  temperature  ;  further,  diminished 
dio-est'ive  activity  and  intestinal  movements  (§  186,  D)  ;  disturbances  of  the  cerebral  activities; 
of° secretion:  of  muscular  activity;  slower  excretion,  e.g.,  of  potassium  iodide  through  the 
urine  In  severe  fever,  molecular  degenerations  of  the  tissues  are  very  common.  For  the  con- 
dition of  the  blood-corpuscles  in  fever,  see  §  10,  the  vascular  tension,  §  69,  the  saliva,  §  146, 

"^^cSSdne^  tlfe^most  important  febrifuge,  causes  a  decrease  of  the  temperatm-e  by  limiting  the 
production  of  heat  (§  213,  6).  Toxic  doses  of  the  metallic  salts  act  in  the  same  way,  while 
tiiere  is  at  the  same  time  diminished  formation  of  CO,.  [Antipyretics  or  Febnfnges. -All 
methods  which  diminish  abnormal  temperature  belong  to  this  group.  As  the  constant  tempera- 
ture of  the  body  depends  on  (1)  the  amount  of  heat-production  and  (2)  the  loss  of  heat,  we 
may  lower  the  temperature  either  in  the  one  way  or  the  other.  When  cold  water  is  applied  to 
the  body,  it  abstracts  heat,  i.e.,  it  affects  the  results  of  fever  so  that  Liebermeister  calls  such 
methods  antithermic.  But  those  remedies  which  diminish  the  actual  heat-production  are  true 
antipyretic.    Iu  practice,  however,  both  methods  are  usually  employed,  and  spoken  ot  coi- 

^'fi;tnSt'?iTfneS  which  are  used  to  abstract  heat  from  the  body  are  the  application 
of  colder  fluids,  such  as  the  cold  bath,  affusion,  douche,  spray  ice,  or  cold  mixtures  &c.  A 
person  suffering  from  high  fever  requires  to  be  repeatedly  placed  iu  a  cold  bath  to  produce  any 
fe  mLent  redV^^^  o!  the  temiLature.  Some  remedies  act  by  favouring  the  radia  ion 
of  heat  by  dilating  the  cutaneous  vessels  (alcohol),  while  others  excite  the  sweat-glands-t.c^ 
are  ritf/oS-so  that  the  water  by  its  evaporation  removes  some  heat.  Amongst  the  drugs 
^lillf^tLrti^^n^Lr^ge.  and  oxidation,  and  thereby  lessen  heat-production  -e  qumine 
salicvlic  acid  some  of  the  salicylates,  digitalis,  and  veratrin.  Blood-letting  was  formeily  used 
o  dTm^ish  aWmal  temperatL-e.  Anrongst'the  newer  antipyretic  --edies^^^^^^^^^^ 
of  kairin  and  antipyriu,  both  of  which  belong  to  the  aromatic  group  (denvatnes  of  benzol), 
which  includes  also  many  of  our  best  antiseptics.] 

221  AETIFICIAL  INCREASE  OF  THE  BODILY  TEMPERATURE. -If 

mammals  are  kept  constantly  in  air  at  40°  C,  the  excretion  of  ^^^^ l'^"^."^^ ^^I 
ceases,  so  that  the  heat  produced  is  stored  up.  At  first  the  tempemture  falls  some- 
what for  a  very  short  time,  but  soon  a  decided  increase  occurs.  The  respirations 
and  pulse  are  increased,  while  the  latter  becomes  irregular  and  ,  ^^^^^ 

sorbed  and  CO.,  given  off  are  diminished  after  six  to  eight  hours,  and  death  occur. 
Ster  great  fatiiul  feebleness,  spasms,  -cretion  of  saliva  and  loss  of  co«nes^ 
when  the  bodily  temperature  has  been  increased  4°  or  at  mos  6  C.  Death  does 
not  take  place  'owing  to  rigidity  of  the  muscles,  for  the  coagulation  of  he  n  yosm 
of  mammals'  muscles  occurs  at  49°  to  50  C,  in  birds  at  J  ° 
40°  C.    If  mammals  are  suddenly  placed  in  air  at  100  C,  death  occuis  (m  lo  to 
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20  mill.)  vei-y  rapidly,  and  with  the  same  phenomena,  while  the  bodily  temperature 
rises  4°  to  5°  C.  In  rabbits  the  body-weight  diminishes  1  grm.  per  min.  Birds 
bear  a  high  temperature  somewhat  longer ;  they  die  when  their  blood  reaches  48° 
to  50°  C 

Even  man  may  remain  for  some  time  in  air  at  100-110-132°  C,  but  in  ten  to 
fifteen  minutes  there  is  danger  to  life.  The  skin  is  burning  to  the  touch,  and  red ; 
a  copious  secretion  of  sweat  bursts  forth,  and  the  cutaneous  veins  are  fuller  and 
redder.  The  pulse  and  respirations  are  greatly  accelerated.  Violent  headache,  ver- 
tio-o,  feebleness,  and  stupefaction,  indicate  great  danger  to  life.  The  rectal  tempera- 
tul-e  is  only  1°  to  2°  C.  higher.  The  high  temperature  of  fever  may  even  be 
dangerous  to  human  life.  If  the  temperature  remains  for  any  length  of  time  at 
42-5°  C,  death  is  almost  certain  to  occur.  Coagulation  of  the  blood  in  the  arteries 
is  said  to  occur  at  42 "6°  C.  If  the  artificial  heating  does  not  2yroduce  deatli,  fatty 
infiltration  and  degeneration  of  the  liver,  heart,  kidneys,  and  muscles  begin  after 
thirty-six  to  forty-eight  hours. 

Cold-blooded  animals,  if  placed  in  hot  air  or  warm  water,  soon  have  their  temperature  raised 
6  to  10°  C.  The  highest  temperature  compatible  with  life  in  a  frog  must  bo  below  40°  C,  as  the 
frog's  heart  and  muscles  begin  to  coagulate  at  this  temperature.  Death  is  preceded  by  a  stage 
resembling  death,  during  which  life  may  be  saved.  ,^<,  ^  ,„   ,  v 

Most  of  the  juicy  plants  die  in  half  an  hour  in  air  at  52°  C,  or  m  water  at  46  C.  {Sachs). 
Dried  seeds  of  corn  may  still  germinate  after  long  exposure  to  air  at  120°  C.  Lowly  organised 
plants,  such  as  alga;,  may  live  in  water  at  60°  C.  {Hoppc-Scyler).  Several  bacteria  withstand 
a  boiling  temperature  {Tyndall). 

222  EMPLOYMENT  OF  HEAT.— Action  of  Heat.— The  short,  but  not  intense,  action  of 
lieat  on  the  surface  causes,  in  the  first  place,  a  ti-ansient  slight  decrease  of  the  bodily  tempera- 
ture, partly  because  it  retards  reflexly  the  production  of  heat,  and  partly  because,  owing  to  the 
dilatation  of  the  cutaneous  vessels  and  the  stretching  of  the  skin,  more  heat  is  given  off.  A 
warm  bath  above  the  temperature  of  the  blood  at  once  increases  the  bodily  temperature. 

Therapeutic  Uses.— The  application  of  heat  to  the  entire  body  is  used  where  the  bodily 
temperature  has  fallen,  or  is  likely  to  fall,  very  low,  as  in  the  algid  stage  of  cholera,  and  in 
infants  born  prematurely.  The  general  application  of  heat  is  obtained  by  use  of  warm  baths, 
packing,  vapour  baths,  and  the  copious  use  of  hot  drinks.  The  local  application  of  heat  is 
obtained  by  the  use  of  warm  wrappings,  partial  baths,  plunging  the  parts  in  warm  earth  or 
sand,  or  placing  wounded  parts  in  chambers  filled  with  heated  air.  After  removal  of  the 
heating  agent,  care  must  be  taken  to  prevent  the  great  escape  of  heat  due  to  the  dilatation  of 
the  blood-vessels. 

223.  INGEEASE  OF  TEMPEBATUEE  POST-MORTEM.— Phenomena. — Heidenhain  found 
that  in  a  dead  dog,  before  the  body  cooled,  there  was  a  constant  temporary  rise  of  the  tempera- 
ture, which  slightly  exceeded  the  normal.  The  same  observation  had  been  occasionally  made 
on  human  bodies  immediately -after  death,  especially  when  death  was  preceded  by  muscular 
spasms  [also  in  yellow  fever].  Thus,  "Wunderlich  measui-ed  the  temperature  fifty-seven  minutes 
after  death  in  a  case  of  tetanus,  and  found  it  to  be  45  "375°  C. 

Causes. — (1)  A  temporary  increased  production  of  heat  after  death,  due  chiefly  to  the  change 
of  the  semi-solid  myosin  of  the  muscles  into  a  solid  form  (rigor  mortis).  As  the  muscle 
coagulates,  heat  is  produced.  All  conditions  which  cause  rapid  and  intense  coagulation  of  the 
muscles — e.g.,  spasms,  favour  a,  jMst-mortom  rise  of  temperature  (see  §  295) ;  a  rapid  coagulation 
of  the  blood  has  a  similar  result  (§  28,  5). 

(2)  Immediately  after  death  a  series  of  chemical  processes  occur  -nithin  the  body,  whereby  heat 
is  produced.  Valentin  placed  a  dead  rabbit  in  a  chamber,  so  that  no  heat  could  be  given  oil' 
from  the  body,  and  he  found  that  the  internal  temperature  of  the  animal's  body  was  increased. 
The  processes  which  cause  a  rise  of  temperature  ijost-mortem  are  more  active  during  the  first 
than  the  second  hour  ;  and  the  higher  the  temperature  at  the  moment  of  death,  the  greater  is 
the  amount  of  heat  evolved  after  death. 

(3)  Another  cause  is  the  diminished  excretion  of  heat  post-mortem.  After  the  circulation  is 
abolished,  within  a  few  minutes  little  heat  is  given  ofi'  from  the  surface  of  the  body,  as  rapid 
excretion  implies  that  the  cutaneous  vessels  must  be  continually  filled  with  warm  blood. 

224.  ACTION  OF  COLD  ON  THE  BODY.— Phenomena.— A  short  temporary 
slight  cooling  of  the  skin  (removing  one's  clothes  in  a  cool  room,  a  cool  bath  for  a 
short  time,  or  a  cool  douche)  causes  either  no  change  or  a  slight  rise  in  the  bodily 
temperature.    The  slight  rise,  when  it  occurs,  is  due  to  the  stimulation  of  the  skin 
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causing  reflexly  a  more  rapid  molecular  transformation,  and  therefore  a  greater 
production  of  heat,  while  the  amount  of  heat  given  oil  is  diminished  owing  to  con- 
traction of  the  small  cutaneous  vessels  and  the  skin  itself  (Lielermeister).  The 
continuous  and  intense  application  of  cold  causes  a  decrease  of  the  temperature, 
chiefly  by  conduction,  notwithstanding  that  at  the  same  time  there  is  a  greater 
production  of  heat.  After  a  cold  bath  the  temperature  may  be  34°,  32°,  and  even 
30°  C. 

As  an  after-effect  of  the  great  abstraction  of  heat,  the  temperature  of  the  body 
after  a  time  remains  lower  than  it  was  before  {"primary  after-effect" — Liebtr- 
meister);  thus  after  an  hour  it  was  0-22°  C.  in  the  rectum.  There  is  a  "secondary 
after-efect "  which  occurs  after  the  first  after-effect  is  over,  when  the  temperature 
rises  (Jiirgensen).  This  effect  begins  five  to  eight  hours  after  a  cold  bath,  and  is 
equal  to  +0-2°  C.  in  the  rectum.  Hoppe-Seyler  found  that  some  time  after  the 
application  of  heat  there  was  a  corresponding  lowering  of  the  temperature. 

Taking  Cold.— If  a  rabbit  be  taken  from  a  surrounding  temperature  of  35'  C,  and  suddenly 
cooled,  it  shivers,  and  there  may  be  diarrhoea.  After  two  days  the  temperature  rises  1;5  C., 
and  albuminuria  occurs.  There  are  microscopic  traces  of  interstitial  inflammation  in  the 
kidneys,  liver,  lungs,  heart,  and  nerve-sheaths,  the  dilated  arteries  of  the  liver  and  lung  con- 
tain thrombi,  and  in  the  neighbourhood  of  the  veins  are  accumulations  of  leucocytes.  In  preg- 
nant animals  the  foetus  shows  the  same  conditions.    Perhaps  the  greatly  cooled  blood  acts  as  an 

irritant  causing  inflammation.  ^     ,  i  ^  c   i.  t 

Action  of  Frost.— The  continued  application  of  a  high  degree  of  cold  causes  at  iirst  contrac- 
tion of  the  blood-vessels  of  the  skin  and  its  muscles,  so  that  it  becomes  pale.  If  continued 
paralysis  of  the  cutaneous  vessels  occurs,  the  skin  becomes  red  owing  to  congestion  ot  its 
vessels.  As  the  passage  of  fluids  through  the  capillaries  is  rendered  more  difficult  by  the  cold, 
the  blood  stagnates,  and  the  skin  assumes  a  livid  appearance,  as  the  0  is  almost  completely 
used  up.  Thus  the  peripheral  circulation  is  slowed.  If  the  action  of  the  cold  be  still  more 
intense!  the  peripheral  circulation  stops  completely,  especially  in  the  thinnest  and  most  exposed 
organs-ears,  nose,  toes,  and  fingers.  The  sensory  nerves  are  paralysed  so  that  there  is  numb- 
nels  with  loss  of  sensibility,  and  the  parts  may  even  be  frozen  through  and  through  As  the 
slo^ng  of  the  circulation  in  the  superficial  vessels  gradually  affects  other  area,  of  the  circu- 
lation,  the  pulmonary  circulation  is  enfeebled,  and  diminished  oxidation  of  the  blood  occurs, 
not^yi  hstan^ding  the  greater  amount  of  0  in  the  cold  air,  so  that  the  nerve  ^ntres  are  afiected. 
Hence  arise  great  dislike  to  making  movements  or  any  muscular  efiort,  a  P/^i^f^ i^«3^T.°J 
fatigue,  a  peculiar  and  almost  irresistible  desire  to  sleep  cerebra  inactivity,  blunting  of  the 
sense-organs,  and  lastly,  coma.  The  blood  freezes  at  -  3  '9°  C. ,  while  the  juices  of  the  superficial 
parts  freeze  Sooner.  Too  rapid  movements  of  the  frost-bitten  parts  ought  to  be  avoided.  Rub- 
bing with  snow,  and  the  very  gradual  application  of  heat,  produce  the  best  lesults.  laitial 
death  of  a  part  is  not  unfrequeutly  produced  by  the  prolonged  action  ot  cold. 

225  ARTIFICIAL  LOWERING  OF  THE  TEMPERATTJRE.-Phenomeaa. 

—The  artificial  cooling  of  warm-blooded  animals,  by  placing  them  m  cold  air  or 
in  a  freezing  mixture,  gives  rise  to  a  series  of  characteristic  phenomena     If  the 
animals  (rabbits)  are  cooled  so  that  the  temperature  (rectum)  falls  to  lb  ,  they 
suffer  great  depression,  without,  however,  the  voluntary  or  reflex  mo-vements  being 
abolished.    The  pulseMh  from  100  or  150  to  20  beats  per  mmut^,  and  the  b  ood- 
pressure  falls  to  several  millimetres  of  Hg.    The  respvraHons^ve  few  and  shallo^^ 
Suffocation  does  not  cause  spasms,  the  secretion  of  urme  stops,  and  the  liv^  s 
congested.    The  animal  may  remain  for  twelve  hours  in  this  '^^^f'^'^'J^y^f^cZ 
the  muscles  and  nerves  show  signs  of  paralysis,  coagulation  o^.tl^e  blood  occurs 
after  numerous  blood-corpuscles  have  been  destroyed.    The  retina  becomes  pale 
and  death  occurs  with  spasms  and  the  signs  of  asphyxia.    If  the 
be  reduced  to  17°  and  under,  the  voluntary  movements  cease  before  the  reflex  ac  s 
An  animal  cooled  to  18°  C,  and  left  to  itself,  at  the  same  temperature  as  the  sur 
foundings,  does  not  recover  of  itself,  but  if  artificial  respiration  be  emp  oyed  th 
tPmnerature  rises  10°  C.    If  this  be  combined  with  the  application  of  externa 
iTt  i,  h  aTmals  may  recover  completely,  even  when  t^fY  ^-e  to^^^^^^^ 
dead  f 0  •  forty  minutes.    Walther  cooled  adult  ammals  to  9  C,  and  reco^  ered  them 
by  artifidal  respiration  and  external  warmth  ;  while  Horvath  cooled  yo««y  animal. 
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to  5°  C.  Mammals,  wliicli  are  born  blind,  and  birds  which  come  out  of  the  egg 
devoid  of  feathers,  cool  more  rapidly  than  others.  Morphia,  and  more  so,  alcohol, 
accelerate  the  cooling  of  mammals,  at  the  same  time  the  exchange  of  gases  falls 
considerably;  hence,  drunk  men  are  more  liable  to  die  when  exposed  to  cold. 

Artificial  Cold-Blooded  Condition. — CI.  Bernard  made  the  important  observa- 
tion, that  the  muscles  of  animals  that  had  been  cooled  remained  irritable  for 
a  long  time,  to  direct  stimuli  as  well  as  to  stimuli  applied  to  their  nerves  ; 
and  the  same  is  the  case  when  the  animals  are  asphyxiated  for  want  of  O.  An 
"  artificial  cold-blooded  condition,"  i.e.,  a  condition  in  which  warm-blooded  animals 
have  a  lower  temperature,  and  retain  muscular  and  nervous  excitability,  may  also 
be  caused  in  warm-blooded  animals,  by  dividing  the  cervical  spinal  cord  and  keeping 
up  artificial  respiration  ;  further,  by  moistening  the  peritoneum  with  a  cool  solution 
of  common  salt. 

Hybernation  presents  a  series  of  similar  phenomena.  Valentin  found  that  hybernating 
animals  become  half-awake  when  theif  bodily  temperature  is  28°  C.  ;  at  18°  C.  they  are  iu  a 
somnolent  condition,  at  6°  they  are  in  a  gentle  sleep,  and  at  1-6°  C.  iu  a  deep  sleep.  The 
heart-beats  and  the  blood-pressure  fall,  the  former  to  8  to  10  per  minute.  The  respiratory, 
urinary,  and  intestinal  movements  cease  completely,  and  the  cardio-pneumatic  movement  alone 
sustains  the  slight  exchange  of  gases  in  the  lungs  (§  59).  They  cannot  endure  cooling  to  0°  C. ; 
and  awake  before  the  temperature  falls  so  low.  Hybernating  animals  may  be  cooled  to  a  greater 
degree  than  other  mammals  ;  they  give  off  heat  rapidly,  and  they  become  warm  again  rapidly, 
and  even  spontaneously.  New-born  mammals  resemble  hybernating  animals  more  closely  in 
this  respect  than  do  adults. 

Cold-blooded  animals  may  be  cooled  to  0°.  Even  when  the  blood  has  been  frozen  and  ice 
formed  in  the  lymph  of  the  peritoneal  cavity,  frogs  may  recover.  In  this  condition  they  appear 
to  be  dead,  but  when  placed  in  a  warm  medium  they  soon  recover.  A  frog's  muscle  so  cooled 
will  contract  again.  The  germs  and  ova  of  lower  animals,  e.g.,  insects'  eggs,  survive  continued 
frost ;  and  if  the  cold  be  moderate,  it  merely  retards  development.  I5acteria,  e.g..  Bacillus 
anthracis,  survive  a  temperature  of -130°  C.  ;  yeast,  even -100°  C. 

Varnishing  the  skin  causes  a  series  of  similar  phenomena.  The  varnished  skin  gives  off  a  large 
amount  of  heat  by  radiation,  and  sometimes  the  cutaneous  vessels  are  greatly  dilated.  Hence 
the  animals  cool  rapidly  and  die,  although  the  consumption  of  O.is  not  diminished.  If  cooling 
be  prevented  by  warming  them  and  keeping  them  in  warm  wool,  the  animals  live  for  a  longer 
time.  The  blood  2}ost-mortcm  does  not  contain  any  poisonous  substances,  nor  even  are  any 
materials  retained  in  the  blood  which  can  cause  death,  for  if  the  blood  be  injected  into  other 
animals,  these  remain  healthy. 

226.  EMPLOYMENT  OF  GOLD.— Cold  may  be  applied  to  the  whole  or  part  of  the  surface 
of  the  body  in  the  following  conditions  : — 

(«)  By  placing  the  body  for  a  time  in  a  cold  bath  to  abstract  as  much  heat  as  possible,  when 
the  bodily  temperatxu'e  in  fever  rises  so  high  as  to  be  dangerous  to  life.  This  result  is  best 
accomplished  and  lasts  longest  when  the  bath  is  gradually  cooled  from  a  moderate  temperature. 
If  the  body  be  placed  at  once  in  cold  water,  the  cutaneous  vessels  contract,  the  skin  becomes 
bloodless,  and  thus  obstacles  are  placed  in  the  way  of  the  excretion  of  heat.  A  bath  gradually 
cooled  in  this  way  is  borne  longer.  The  addition  of  stimulating  substances,  e.g.,  salts,  which 
cause  dilatation  of  the  cutaneoiTS  vessels,  facilitates  the  excretion  of  heat ;  even  salt  water 
conducts  heat  better.  If  alcohol  be  given  internally  at  the  same  time,  it  lowers  the 
temperature. 

(b)  Cold  may  be  applied  locally  by  means  of  ice  in  a  bag,  which  causes  contraction  of  the 
cutaneous  vessels  and  contraction  of  the  tissues  (as  in  inflammation),  while  at  the  same  time 
heat  is  abstracted  locally. 

(c)  Heat  may  be  abstracted  locally  by  the  rapid  evaporation  of  volatile  substances  (ether, 
carbon  disulphide),  which  causes  numbness  of  the  sensory  nerves.  The  introduction  of  media 
of  low  temperature  into  the  body,  respiring  cool  air,  taking  cold  drinks,  and  the  injection  of 
cold  fluids  into  the  intestine  act  locally,  and  also  produce  a  more  general  action.  In  applying 
cold  it  is  important  to  notice  that  the  initial  contraction  of  the  vessels  and  the  contraction  of 
the  tissues  are  followed  by  a  greater  dilatation  and  turgescence,  i.e.,  by  a  healthy  reaction. 

227.  HEAT  OF  INFLAMED  PAETS.— "Calor,"  or  heat,  is  reckoned  one  of  the  fundamental 
phenomena  of  inflammation,  in  addition  to  rubor  (redness),  tumor  (swelling),  and  dolor  (pain). 
But  the  apparent  increase  iu  the  heat  of  the  inflamed  parts  is  not  above  the  temperature  of  the 
blood.  Simon,  in  1860,  asserted  that  the  arterial  blood  flowing  to  an  inflamed  part  was  cooler 
than  the  part  itself,  but  this  has  been  contradicted.  The  outer  parts  of  the  skin  iu  an  inflamed 
part  are  warmer  than  usual,  owing  to  the  dilatation  of  the  vessels  (rubor)  and  the  consequent 
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ftccelovntiou  of  the  blood-strcnni  in  the  inflamed  part,  and  owing  to  the  swelling  (tumor)  from 
the  presence  of  good  heat-conducting  lluids  ;  but  the  heat  is  not  greater  than  the  heat  of  the 
blood.  It  is  not  proved  that  an  increased  amount  of  heat  is  produced  owing  to  increased 
molecular  decompositions  within  an  inllamed  part. 

228.  HISTORICAL  AND  COMPARATIVE.— According  to  Aristotle,  tlie  heart  prepares 
the  heat  within  itself,  and  sends  it  along  with  the  blood  to  all  parts  of  the  body.  This 
doctrine  prevailed  in  the  time  of  Hippocrates  and  Galen,  and  occurs  even  in  Cartesius  and 
Bartholinus  (1667,  "flammula  cordis").  The  iatro-mechanical  Bchool  {Bocrhave,  win  Svxictcn) 
ascribed  the  heat  to  the  friction  of  the  blood  on  the  walls  of  the  vessels.  The  iatro-chemical 
school,  on  the  other  hand,  sought  the  source  of  heat  in  the  fermentations  that  arose  from  the 
l)assage  of  the  absorbed  substances  into  the  blood  [van  Helviont,  Sylvius,  EtlmulUr).  Lavoisier 
(1777)  was  the  first  to  ascribe  the  heat  to  the  combustion  of  carbon  in  the  lungs.  After  the 
construction  of  the  thermometer  by  Galileo,  Sanctorius  (1626)  made  the  first  thermometric 
observations  on  sick  persons,  while  the  first  calorimclric  observations  were  made  by  Lavoisier 
and  Laplace.  Comparative  observations  are  given  at  §  207,  and  also  under  Ilyhcnuxtion  (§ 
225). 
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By  the  term  metabolism  we  mean  those  phenomena,  whereby  all — even  the 
most  lowly — living  organisms  are  capable  of  incorporating  the  substances  obtained 
from  their  food  into  their  tissues,  and  making  them  an  integral  part  of  their  own 
bodies.  This  part  of  the  process  is  known  as  assimilation.  Further,  the  organism 
in  virtue  of  its  metabolism  forms  a  store  of  potential  energy,  which  it  can  trans- 
form into  kinetic  energy,  and  which,  in  the  higher  animals  at  least,  appears  most 
obvious  in  the  form  of  muscular  work  and  heat.  The  changes  of  the  constituents 
of  the  tissues,  by  which  these  transformations  of  the  potential  energy  are  accom- 
panied, result  in  the  formation  of  excretory  products,  which  is  another  part  of  the 
process  of  metabolism.  The  normal  metabolism  requires  the  supply  of  food 
quantitatively  and  qualitatively  of  the  proper  kind,  the  laying  up  of  this  food 
within  the  body,  a  regular  chemical  transformation  of  the  tissues,  and  the  forma- 
tion of  the  effete  products  which  have  to  be  given  out  through  the  excretory 
organs.  [Synthetic  or  constructive  metabolism  is  spoken  of  as  anabolic,  and  de- 
structive or  analytical  metabolism  as  katabolie,  metabolism.] 

229.  THE  MOST  IMPORTANT  SUBSTANCES  USED  AS  FOOD.— Water. 

— When  we  remember  that  58 "5  per  cent,  of  the  body  consists  of  water,  that  water 
is  being  continually  given  off  by  the  urine  and  faeces,  as  well  as  through  the  skin 
and  lungs,  that  the  processes  of  digestion  and  absorption  require  water  for  the 
solution  of  most  of  the  substances  used  as  food,  and  that  numerous  substances 
excreted  from  the  body  require  water  for  their  solution,  especially  in  the  urine,  the 
great  importance  of  water  and  its  continual  renewal  within  the  organism  are  at 
once  apparent.  As  put  by  Hoppe-Seyler,  all  organisms  live  in  water,  and  even  in 
running  water,  a  saying  which  ranks  with  the  old  saying — "  Corpora  non  agunt 
nisi  fiuida." 

AVater— as  far  as  it  is  not  a  constituent  of  all  fluid  foods — occurs  in  different  forms  as  drink : — 
(1)  Rain  water,  which  most  closely  resembles  distilled  or  chemically  pure  water,  always 
contains  minute  quantities  of  CO^,  NH,,  nitrous  and  nitric  acids.  (2)  Spring  water  usually 
contains  much  mineral  substance.  It  is  formed  from  the  deposition  of  water}'  vapour  or  rain 
from  the  air,  which  permeates  the  soil,  containing  much  COo  ;  the  COg  is  dissolved  by  the 
water,  and  aids  in  dissolving  the  alkalies,  alkaline  earths,  and  metals,  which  appear  in  solution 
as  bicarbonates,  e.g.,  of  lime  or  iron  oxide.  The  water  is  removed  from  the  spring  by  proper 
mechanical  appliances,  or  it  bubbles  up  on  the  surface  in  the  form  of  a  "  spring.  "  (3)  Elver 
water  usually  contains  much  less  mineral  matter  than  spring  water.  Spring  water  floating 
on  the  surface  rapidly  gives  off  its  CO2  whereby  many  substances— c.;/.,  lime— are  thrown  out 
of  solution,  and  deposited  as  insoluble  precipitates. 

Gases.— Spring  water  contains  little  0,  but  much  COo,  the  latter  giving  to  it  its  fresh  taste. 
Hence,  vegetable  organisms  flourish  in  spring  water,  while  animals  requiring,  as  they  do,  much 
0,  are  but  poorly  represented  in  such  water.  Water  flowing  freely  gives  up  CO.,,  and  absorbs 
0  from  the  air,  and  thus  affords  the  necessary  conditions  for  the  existence  of  fishes  and  other 
marine  animals.  River  water  contains  to  of  its  volume  of  absorbed  gases,  which  may  be 
expelled  by  boiling  or  freezing. 
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Drinking  water  is  cliiolly  obtained  from  springs.  River  water,  if  used  for  this  purpose,  must 
be  liltercd  to  get  rid  of  moclianically  suspended  impurities.  For  household  jmrposes  a  charcoal 
liltor  may  bo  used,  ns  the  charcoal  acts  as  a  disinfectant.  Alum  has  a  remarkable  action. 
When  added  to  give  a  dilution  containing  O'OOOl  per  cent.,  it  makes  turbid  water  clear. 

Investigation  of  Drinking  Water. — Drinking  water,  even  in  a  thick  layer, 
ought  to  be  completely  colourless,  not  turbid,  and  without  odour.  Any  odour  is 
best  recognised  by  heating  it  to  50°  C,  and  adding  a  little  caustic  soda.  It  ought 
not  to  be  too  hard,  i.e.,  it  ought  not  to  contain  too  much  lime  (and  magnesia) 
salts. 

By  the  term  ' '  degree  of  hardness  "  of  a  water  is  meant  the  unit  amount  of  lime  (and 
magnesia)  in  100,000  parts  of  water ;  a  water  of  20  degrees  of  hardness  contains  20  parts  of 
lime  (calcium  oxide)  combined  with  COo,  sulphuric,  or  hydrochloric  acids  (the  small  amount  of 
magnesia  may  be  neglected).  A  good  drinking  water  ought  not  to  exceed  20  degrees  of  luxrdness. 
The  hardness  is  determined  by  titrating  the  water  with  a  standard  soap  solution,  the  result 
being  the  formation  of  a  scum  of  lime-soap  on  the  surface.  The  hardness  of  unboiled  water  is 
called  its  total  hardness,  while  that  of  boiled  imtcr  is  called  permanent  hardness.  Boiling 
drives  off  the  CO^,  and  precipitates  the  calcium  carbonate,  so  that  the  water  at  the  same  time 
becomes  softer. 

The  presence  of  sulphuric  a^id,  or  sulphates,  is  determined  by  the  water  becoming  turbid  on 
adding  a  solution  of  barium  chloride  and  hydrochloric  acid. 

Chlorine  occurs  in  small  amount  in  pure  spring  water,  but  when  it  occurs  there  in  large 
amount — apart  from  its  being  derived  from  saline  springs,  near  the  sea  or  manufactories — we 
may  conclude  that  the  water  is  contaminated  from  water-closets  or  dunghills,  so  that  the 
estimation  of  chlorine  is  of  importance.  For  this  imrpose  use  a  solution,  A,  of  17  grms.  of 
crystallised  silver  nitrate  in  1  litre  of  distilled  water  ;  1  cubic  centimetre  of  this  solution  pre- 
cipitates 3  -55  milligrammes  of  chlorine  as  silver  chloride.  Use  also  B,  a  cold  saturated  solution 
of  neutral  potassium  chromate.  Take  50  cubic  centimetres  of  the  water  to  be  investigated,  and 
place  it  in  a  beaker,  add  to  it  2  to  3  drops  of  B,  and  allow  the  fluid  A  to  i-un  into  it  from  a 
burette  until  the  white  precipitate  first  formed  remains  red,  even  after  the  fluid  has  been  stirred. 
Multiply  the  number  of  cubic  centimetres  of  A  used  by  7-1,  and  this  will  give  the  amount  of 
chlorine  in  100,000  parts  of  the  water.  Example— 50  c.cmtr.  requires  2-9  c.cmtr.  of  the  silver 
solution,  so  that  100,000  parts  of  the  water  contain  2-9  x  7  "1  =  20-59  parts  chlorine  {Kubel 
Tiemann).    Good  water  ought  not  to  contain  more  than  15  milligrammes  of  chlorine  per  litre. 

The  presence  of  lime  may  be  ascertained  by  acidulating  50  cubic  centimetres  of  the  water 
with  HCl,  adding  ammonia  in  excess,  and  afterwards  adding  ammonia  oxalate  ;  the  white 
precipitate  is  lime  oxalate.  According  to  the  degree  of  tui-bidity,  we  judge  whether  the  water 
is  "soft "  (poor  in  lime),  or  "hard"  (rich  in  lime).  , 

Magnesia  is  determined  by  taking  the  clear  fluid  of  the  above  operation,  after  removing  the 
precipitate  of  lime,  and  adding  to  it  a  solution  of  sodium  phosphate  and  some  ammoma  ;  the 
crystalline  precipitate  which  occurs  is  magnesia.  _      • ,    -u i  • 

The  more  feeble  all  these  reactions  which  indicate  the  presence  of  sulphuric  acid,  chlorine, 
lime,  and  magnesia,  are,  the  better  is  the  water.  In  addition,  good  water  ought  not  to  contam 
more  than  traces  of  nitrates,  nitrites,  or  compounds  of  ammonia,  as  their  presence  indicates  the 
decomposition  of  nitrogenous  organic  substances.  ,     .  ,  xi       i  t 

For  nitric  acid,  take  100  cubic  centimetres  of  water  acidulated  with  two  or  three  drops  ot 
concenti-ated  sulphuric  acid,  add  several  pieces  of  zinc  together  with  a  solution  of  potassium 
iodide  and  starch  solution— a  blue  colour  indicates  nitric  acid.  The  following  test  is  very 
delicate  -—Add  to  half  a  drop  of  water  in  a  capsule  two  drops  of  a  watery  solution  of  Brucmum 
sulphuricum,  and  afterwards  several  drops  of  concentrated  sulphuiic  acid  ;  a  rose-red  coloration 
indicates  the  presence  of  nitric  acid.  ,    , ,       ,  ,  •  ,        u   f  +i,„ 

The  presence  of  nitrous  acid  is  ascertained  by  the  blue  coloration  which  results  from  the 
addition  of  a  solution  of  potassium  iodide,  and  solution  of  starch,  after  the  water  has  been 
acidulated  with  sulphuric  acid.  ,  .  ,     .  n 

Compounds  of  ammonia  are  detected  by  Nessler's  reagent,  which  gives  a  yellow  or  reddish 
coloration  when  a  trace  of  ammonia  is  present  in  water;  while  a  large  amount  ot  these  com- 
iioiinds  gives  a  brown  precipitate  of  the  iodide  of  mercury  and  ammonia.     .    ,  .    ^.  . 

The  contamination  of  water  by  decomposing  animal  substance  is  determined  by  the  amount 
of  N  it  contains.  In  most  cases  it  is  sufficient  to  determine  the  amount  of  mtnc  acid  present. 
For  this  purpose  we  require  (A)  a  solution  of  1-871  grms.  potassium  nitrate  in  1  litre  distilled 
watcr-1  cubic  centimetre  contains  1  milligramme  nitric  acid  ;  (B)  a  dilute  solution  of  mdigo, 


mm.  in  thickness,  begins  to  be  transparent.  „„4.„^  ^aa 

To  test  the  activity  of  B,  place  1  cubic  centimetre  of  A  in  24  cubic  centimetres  water,  add 
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some  common  salt  and  50  cubic  centimetres  concentrated  sulphuric  acid,  and  allow  B  to  flow 
from  a  burette  into  this  mixture  until  a  faint  green  colour  is  obtained.  The  number  ot  cubic 
centimetres  of  B  used  correspond  to  1  milligramme  of  nitric  acid.  ,  .  ,. 

Twenty  five  cubic  centimetres  of  the  water  to  be  Investigated  are  m  xed  with  50  cubic  centi- 
metres of  concentrated  H,SO and  titrated  with  B  until  a  green  colour  is  obtained  1  his  process 
m  i^be  reiS  am^  on^he'second  occasion  the  solution  B  must  be  allowed  to  How  in  at  once 
Xn  usually  somewhat  more  indigo  solution  is  required  to  obtain  the  green  solution.  The 
number  of  cubic  centimetres  of  B  (corresponding  to  the  strength  of  B,  as  determined  above) 
indicates  the  amount  of  nitric  acid  present  in  25  c.cmtr.  of  the  water  in vestiga  ed  As  much 
as  10  milli-'rammes  nitric  acid  have  been  found  in  spring  water  {iiai-x,  Tromnsdorff).  _ 

Stdphuretted  Hydrogen  is  recognised  by  its  odour  ■  also  by  a  piece  of  blotting-paper  moistcnea 
with  alkaline  solution  of  lead  becoming  brown,  when  it  is  held  over  the  boiling  water.  It  it 
occurs  as  a  compouvd  in  the  water,  sodium  nitro-prusside  gives  a  reddish-violet  colour. 

It  is  of  the  o-reatest  importance  that  drinking  water  should  be  free  from  the  2}resencc  of  organic 
matter  in  a  "state  of  decomposition.  Organic  matter  in  a  state  of  decomposition,  and  the 
or-'anisms  therewith  associated,  when  introduced  into  the  body,  may  give  rise  to  fatal  maladies, 
c  a  cholera  and  typlioid  fever.  This  is  the  case  when  the  water  supply  has  been  contaminated 
from  water  which  has  percolated  from  water-closets,  privies,  and  dung-pits.  The  presence  of 
oraanic  vuMer  may  be  detected  thus— (!)  A  considerable  amount  of  the  water  is  evaporated  to 
dryness  in  a  porcelain  vessel,  if  the  residue  be  heated  again  a  brown  or  black  colour  indicates  the 
presence  of  a  considerable  amount  of  organic  matter ;  and  if  it  contain  N,  there  is  an  odour  ot 
ammonia.  Good  water  treated  in  this  way  gives  only  a  light  brown  stain.  The  presence  of 
micro-organisms  may  be  determined  microscopically  after  evaporating  a  small  quantity  ot  the 
water  on  a  glass  slide.  (2)  The  addition  of  ixtassio-gold  chloride  to  the  water  gives  a  black 
frothy  precipitate  after  long  standing.  (3)  A  solution  otpotassium  2xnnanganate,  added  to  the 
water  in  a  covered  jar,  gi-adually  becomes  decolorised,  and  a  bro\vnish  precipitate  is  formed.  _ 

Water  containing  much  organic  matter  should  never  be  used  as  drinking  water,  and  this  is 
especiallv  the  case  when  there  is  an  epidemic  of  typhoid  fever,  cholera,  or  diarrhoea.  _  In  all 
such  circumstances,  the  water  ought  to  be  boiled  for  a  long  time,  whereby  the  organic  germs 
are  killed.  The  insipid  taste  of  the  water  after  boiling  may  be  corrected  by  adding  a  little 
sugar  or  lime  juice. 

230  THE  MAMMARY  GLANDS  AND  MILK.— Milk  Duct.— About  20  galactoferous  ducts 
open  singly  upon  the  surface  of  the  nipple.  Each  of  these,  just  before  it  opens  on  the  surface, 
is  provided  with  an  oval  dilatation — the  sinus  lacteus.  When 
traced  into  the  gland,  the  galactoferons  ducts  divide  like  the 
branches  of  a  tree,  and  a  large  branch  of  the  duct  passes  to  each 
lobe  of  the  gland,  all  the  lobes  being  held  together  by  loose 
connective-tissue.  Only  during  lactation  do  all  the  fine  ter- 
minations of  the  ducts  communicate  with  the  globular  glandular 
Every  gland  acinus  consists  of  a  membrana  propria,  sur- 
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rounded  externally  with  a  network  of  branched  connective-tissue 
corpuscles,  and  lined  internally  with  a  somewhat  flattened  poly- 
hedral layer  of  nucleated  secretory  cells  (fig.  233).  The  size  of 
the  lumen  of  the  acini  depends  upon  the  secretory  activity  of 
the  glands ;  when  it  is  large,  it  is  filled  with  milk  containing 
numerous  refractive  fatty  granules.  The  walls  of  the  milk  ducts 
consist  of  fibrillar  connective-tissue,  some  fibres  are  an-anged  ^gjjjj  of  tj^g  mammary  "land 
longitudinally,  but  the  chief  mass  are  disposed  circularly,  and  ^j-  sheep  during  lactation, 
are  permeated  externally  with  elastic  fibres,  while  in  the  finer  membrana  propria  ;  h, 

ducts  there  is  a  membrana  propria  continuous  with  that  of  the  secretory  epithelium.  '  ' 
gland  acini.    The  ducts  are  lined  by  cylindrical  epithelium. 

During  th.Q  first  feio  days  after  delivery,  the  breastg  secrete  a  small  amount  of  milk  of  greater 
consistence,  and  of  a  yellow  colour — the  colostrum — in  which  large  cells  filled  with  fatty 
granules  occur — the  colostram-corpuscles  (fig.  235).  Sometimes  a  nucleus  is  observable  within 
them,  and  rarely  they  exhibit  amceboid  movements  (fig.  234,  c,  d,  e).  The  regular  secretion 
of  milk  begins  after  three  to  four  days.  It  was  formerly  supposed  that  the  cells  of  the  acini 
underwent  a  fatty  degeneration,  and  thus  produced  the  fatty  granules  of  the  milk.  It  is  more 
probable,  from  recent  observations,  that  the  cells  of  the  acini  manufacture  the  fatty  granules, 
and  their  protoplasm  eliminates  them,  at  the  same  time  forming  the  clear  fluid  part  of  the  milk. 

Changes  during  Secretion. — Pratscb  and  Heidenliain  found  that  the  secretory 
cells  in  the  non-secreting  gland  (fig.  234,  I),  were  flat,  polyhedral,  and  uni- 
nucleated,  whilst  the  secreting  cells  (fig.  234,  II)  often  contained  several  nuclei,  were 
more  albuminous,  higher,  and  cylindrical  in  form.  The  edge  of  the  cell  directed 
towards  the  lumen  of  the  acinus  undergoes  characteristic  changes  during  secretion. 
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Fatty  granules  are  formed  in  this  part  of  the  cell,  and  are  afterwards  extruded. 
The  decomposed  portion  of  the  cell  is  dissolved  in  the  milk,  and  the  fatty  granules 
become  free  as  milk-globules  (fig.  234,  II,  a).  If  nuclei  are  present  in  that  part  of 
the  cell  which  is  broken  up,  they  also  pass  into  the  milk  and  give  rise  to  the  presence 
of  nuclein  in  the  secretion. 

Besides  the  milk-globules  and  colostrum  corpuscles,  Eauber  has  found  leucocytes  undergoing 
fatty  degeneration  and  single  pale  cells  (/).  Occasionally  milk-globules  are  found  with  traces 
of  tiio  cell-substance  adliering  to  their  surface  (h). 

Formation  of  Millc. — Concerning  the  formation  of  the  individual  conBtituentB  of  milk,  H. 
ThierfeUlcr,  who  digested  fresh  mammary  glands  directly  after  death,  found  that  during  the 
digestion  of  the  glands,  at  the  temperature  of  the  body,  a  reducing  substance,  probably  lactoBe, 
was  formed  by  a  process  of  fermentation.  The  mother  substance  (saccharogen)  is  soluble  in 
water,  but  not  in  alcohol  or  ether,  is  not  destroyed  by  boiling,  and  is  not  identical  with  glycogen. 
The  ferment  which  forms  the  lactose  is  connected  with  the  gland-cells— it  does  not  pass  into  the 
milk,  nor  into  a  watery  extract  of  the  gland.  During  the  digestion  of  the  mammary  glands  at 
the  temperature  of  the  body,  casein  is  formed,  probably  from  serum-albumin,  by  a  process  of 
fermentation.    This  ferment  occurs  in  the  milk. 

The  nipple  and  its  areola  are  characterised  by  the  presence  of  pigment— more  abundant 
during  pregnancy— in  the  rete  Malpighii  of  the  skin,  and  by  large  papillaj  in  the  cutis  vera. 
Some  of  the  papillte  contain  touch-corpuscles.  Numerous  non-striped  muscular  fibres  surround 
the  milk-ducts  in  the  deep  layers  of  the  skin  and  in  the  subcutaneous  tissue,  which  contains  no 
fat.  These  muscular  fibres  can  be  traced,  following  a  longitudinal  course,  to  the  termination  of 
the  ducts  on  the  surface.  The  small  glands  of  Montgomenj,  which  occur  on  the  areola  duiing 
lactation,  are  just  small  milk-glands,  each  with  a  special  duct  opening  on  the  surface  of  the 

elevation.  ,  •   .       i  j 

Arteries  proceed  from  several  sources  to  supply  the  mamma,  but  their  branches  do  not 
accompany  the  milk-ducts  ;  each  gland  acinus  is  surrounded  by  a  network  of  capillaries,  which 


Fig.  234. 

I.  Inactive  acinus  of  the  mamma.    II.  During  the  secretion  of  milk— a,  h,  mUk-globules ; 
c,  d,  e,  colosti'um  corpuscles  ;  /,  pale  cells  (bitch). 

communicate  with  those  of  adjoining  acini  by  small  arteries  and  veins.  The  veins  of  the  areola 
are  arranged  in  a  circle  (circulus  Halleri).  The  nerves  are  derived  from  the  supraclavicular, 
and  the  II-IV-VI  intercostals  ;  they  proceed  to  the  skin  over  the  gland,  to  the  very  sensitive 
nipple,  to  the  blood-vessels  and  non-striped  muscle  of  the  nipple,  and  to  the  gland  acini,  where 
their  mode  of  termination  is  still  unknown.  Lymphatics  surround  the  alveoli,  and  they  arc 
often  full.  The  milk  appears  to  be  prepared  from  the  lymph  contained  in  the  lymphatics 
surrounding  the  acini. 

The  comparative  anatomy  of  the  mamma. — The  rodents,  insectivora,  and  carnivora  have  10 
to  12  teats,  while  some  of  them  have  only  4.  The  pachydermata  and  ruminantia  have  2  to  4 
abdominal  teats,  the  whale  has  2  near  the  vulva.  The  apes,  bats,  vegetable-feeding  whales, 
elephants,  and  sloths  have  2,  like  man.  In  the  marsupials  the  tubes  are  an-auged  m  groups, 
which  open  on  a  patch  of  skin  devoid  of  hair  without  any  nipple.  The  young  animals  remain 
within  the  mother's  pouch,  and  the  milk  is  expelled  into  their  mouths  by  the  action  of  a 
muscle — the  compressor  mammse.  ,      +  +i 

The  development  of  the  human  mamma  begins  in  both  sexes  during  the  third  month  ;  at  the 
fourth  and  fifth  months  a  few  simple  tubular  gland-ducts  are  arranged  radially  around  the 
position  of  the  future  nipple,  which  is  devoid  of  hair.  In  the  new-born  child  the  ducts  are 
branched  twice  or  thrice,  and  are  provided  with  dilated  extremities,  the  future  acini.  Up  to 
the  twelfth  year,  in  both  sexes,  the  ducts  continue  to  divide  dendritically,  but  without  any 
proper  acini  being  formed.  In  the  girl  'at  pnberty,  the  ducts  branch  rapidly ;  but  the  acini 
formed  only  at  the  iMriphcry  of  the  gland;  during  pregnancy,  acini  are  also  formed  m  the 
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centre  of  tlio  o-land,  while  the  connective-tissue  at  the  same  time  becomes  somewhat  more 
opened  out  At  the  climacteric  period,  or  menopause,  all  the  acini  and  numerous  fine  milk- 
<lucts  de.^ciierato.  In  the  adult  male,  the  gland  remains  in  the  non-developed  infantde  condition. 
AccessoiT  or  supernumerary  glands  upon  the  breast  and  abdomen  are  not  uncommon,  sometimes 
the  mamma  occurs  iu  the  axilla,  on  the  back,  over  the  acromion  process,  or  on  the  leg.  A 
slight  secretion  of  milk  in  a  newly-born  infant  is  normal.    _  .      ^     i  ^i. 

burin"  the  evacuation  of  the  milk  (500-1500  cubic  centimetres  daily),  there  is  not  only  the 
mechanical  action  of  sucking,  but  also  the  activity  of  the  gland  itself  (g  152).  This  consists  in 
the  erection  of  the  nipple,  whereby  its  non -striped  muscular  fibres  compress  the  sniuses  on  the 
milk-ducts  and  empty  them,  so  that  the  milk  may  flow  out  in  streams.    The  gland  acmi  are 


The  amount  of  secretion  depends  upon  the  blood-pressure  {Eohrig).  During  sucking,  not  only 
is  the  milk  in  the  gland  e.\tracted,  but  new  milk  is  formed,  owing  to  the  accelerated  secretion. 
Emotional  disturbances— anger,  fear,  &c.— arrest  the  secretion.  Laffont  found  that  stimulation 
of  the  mammary  nerve  (bitch)  caused  erection  of  the  teat,  dilatation  of  the  vessels,  and  secretion 
of  milk.  After  section  of  the;cerebro-spinal  nerves  going  to  the  mamma,  Eckhard  observed  that 
erection  of  the  teat  ceased,  although  the  secretion  of  milk  in  a  goat  was  not  interrupted.  The 
rarely  observed  galactorrhcea  is  perhaps  to  be  regarded  as  a  paralytic  secretion  analogous  to  the 
paralytic  secretion  of  saliva.  Heidenhain  and  Pratsch  found  that  the  secretion  (bitch)  was 
increased  by  injecting  strychnine  or  curara  after  section  of  the  nerves  of  the  gland.  The 
"  milk-fever,"  which  accompanies  the  first  secretion  of  milk,  probably  depends  on  stimulation  of 
the  vaso-motor  nerves,  but  this  condition  must  be  studied  iu  relation  with  the  other  changes 
which  occur  within  the  pelvic  cavity  after  birth.  [Some  substances,  such  as  atropin,  arrest  the 
secretion  of  milk.] 

231.  MILK  AND  ITS  PREPARATIONS.— Milk  represents  a  complete  or 
typical  food  in  which  are  present  all  the  constituents  necessary  for  maintaining 
the  life  and  growth  of  the  body  of  an  infant  (§  236).  [If  an  adult  were  to  live  on 
milk  alone,  to  get  the  23  oz.  of  dry  solids  necessary,  he  would  have  to  take  9  pints 
of  milk  daily,  which  would  give  far  too  much  water,  fat,  and  proteids.]  To  every 
10  parts  of  proteids  there  are  10  parts  fat  and  20  parts  sugar.  Relatively  more 
of  the  fat  than  the  albumin  of  the  milk  is  absorbed  {^Buhner) ;  while  a  part  of 
both  is  excreted  in  the  faeces. 

Characters.^ — Milk  is  an  opaque,  bluish-white  fluid  with  a  sweetish  taste  and  a 
characteristic  odour,  probably  due  to  the  peculiar  volatile  substances  derived  from 
the  cutaneous  secretions  of  the  glands,  and 
it  has  a  specific  gravity  of  1026  to  1035. 
When  it  stands  for  a  time,  numerous  milk 
globules,  butter  globules,  or  cream,  collect 
on  its  surface,  under  which  there  is  a  bluish 
watery  fluid.  Human  milk  is  always  alka- 
line, cow's  milk  may  be  alkaline,  acid,  or 
amphoteric ;  while  the  milk  of  carnivora  is 
always  acid. 

.  Milk-Globules. — When  milk  is  examined 
microscopically,  it  is  seen  to  contain  numerous 
small  highly  refractive  oil-globules,  floating 
in  a  clear  fluid — the  milk  plasma  (figs.  234, 
«,  h,  235) ;  while  colostrum  corpuscles  and 
epithelium  from  the  milk-ducts  are  not  so 
numerous.    The  white  colour  and  opacity  of 

the  milk  are  due  to  the  presence  of  the  milk-  .  ,    .„  ,,,, 

globules,  which  reflect  th^  light ;  the  globules 
consist  of  a  fat,  or  butter,  and  are  said  by 

some  to  be  surrounded  with  a  very  thin  envelope  of  casein  or  haptogen  membrane. 

If  acetic  acid  be  added  to  a  microscopic  preparation  of  milk,  the  fatty  granules  run  together 
to  form  irregular  masses.    If  cow's  milk  be  shaken  with  caustic  potash,  the  casein  envelopes 
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are  dissolved,  and  if  ether  bo  added,  the  milk  becomes  clear  and  transparent,  as  tlie  ether  dis- 
solves out  all  tlie  fatty  particles  in  the  solution.  Ether  cannot  extract  the  fat  from  cow's  milk 
until  acetic  acid  or  caustic  potash  is  added  to  liberate  the  fats  from  their  envelopes  ;  but  shak- 
ing with  other  is  sulHcient  to  extract  the  fats  from  human  milk.  Some  observers  deny  that  an 
envelope  of  casein  cxi.sts,  and  according  to  them  milk  is  a  simple  emulsion,  kept  emulsiouised 
owing  to  the  colloid  swollon-up  casein  in  the  milk  plasma.  The  treatment  of  nulk  with  potash 
and  ether  makes  the  casein  unable  any  longer  to  preserve  the  emulsion  {Soxhlet). 

The  fats  of  the  milk-globules  are  the  triglycerides  of  stearic,  palmitic,  oleic  (very- 
little),  myristic,  arachinic  (butinic),  capric,  caprylic,  caproic,  and  butyric  acid,  with 
traces  of  acetic  and  formic  acids  and  cholesterin. 

Butter. — When  milk  is  beaten  or  stirred  for  a  long  time  (i.e.,  churned),  the  fat  of  the  milk- 
globules  is  ultimately  obtained  in  the  form  of  butter,  owing  to  the  rupture  of  the  envelopes  of 
casein.  Butter  is  soluble  in  alcohol  and  ether,  and  it  is  clarified  by  heat  (60°  C. ),  or  by  washing 
in  water  at  40'^  C.  When  allowed  to  stand  exposed  to  the  air,  it  first  becomes  sour,  owing  to 
the  formation  of  lactic-acid,  and  afterwards  rancid,  owing  to  the  glycerine  of  the  neutral  fats 
being  decomposed  by  fungi  into  acrolein  and  formic  acid,  while  the  volatile  fatty  acids  give  it 
its  rancid  odour. 

The  milk  plasma,  obtained  by  filtration  through  a  clay  filter  or  membranes,  is  a 
clear,  slightly  opalescent  fluid,  and  contains  casein  (§  249,  III.,  3),  some  serum- 
albumin  (§  32),  peptone  (0-13  per  cent.),  nuclein,  and  a  trace  of  diastatic  ferment 
(in  human  milk). 

The  presence  of  other  peculiar  chemical  bodies,  e.g.,  lactoprotein,  globulin,  albumose,  galactin, 
&c. ,  is  disputed  by  some  chemists. 

When  milk  is  boiled  the  albumin  coagulates,  while  the  surface  also  becomes 
covered  with  a  thin  scum  or  layer  of  casein,  which  has  become  insoluble  [the  rest 
of  the  milk  remaining  fluid]. 

Casein. — When  milk  is  filtered  through  fresh  animal  membranes  or  through  a  clay  filter,  the 
casein  does  not  pass  through.  Precipitation. — It  is  precipitated  by  adding  crystals  of  MgS04 
to  saturation.  [If  to  nulk  twice  its  volume  of  a  saturated  solution  of  NaCl  and  crystals  of  NaCl 
be  added,  and  the  whole  shaken  thoroughly,  casein  is  precipitated,  and  carries  down  -with  it 
fat,  so  that  the  clear  filtrate  contains  the  lactose,  salts,  and  coagulable  proteids.] 

The  plasma  contains  milk-sugar  (§  252);  a  carbohydrate  resembling  dextrin, 
(1  lactic  acid),  lecithin,  urea,  extractives,  kreatin,  sarkin,  (potassic  sulphocyanide  in 
cow's  milk),  sodic  and  potassic  chlorides,  alkaline  phosphates,  calcium  and  magnesium 
sulphates,  alkaline  carbonates,  traces  of  iron,  fluorine,  and  silica,  CO^,  N,  and  O. 

The  coagulation  of  milk  depends  ^qwn  the  coagulation  of  its  casein.  In  milk,  casein  is  com-  . 
bined  with  calcium  phosphate,  which  keeps  it  in  solution!;  acids  which  act  on  the  calcium 
phosphate  cause  coagulation  of  the  casein  (acetic  and  tartaric  acids  in  excess  redissolve  it).  All 
acids  do  not  coagulate  human  milk.  It  is  coagulated  by  two  or  more  drops  of  hydrochloric  acid 
(01  per  cent.)  or  acetic  acid  (0-2  per  cent.).  The  simitaneous  coagulation  of  milk  after  it  has 
stood  for  a  time,  especially  in  a  warm  place,  is  due  to  the  production  of  lactic  acid,  which  is 
formed  from  the  milk-sugar  in  the  milk  by  the  action  of  bacillus  acidi  lactlci  [which  is  intro- 
duced from  without]  (§  184,  I.).  It  changes  the  neutral  alkaline  phosphate  into  the  acid 
phosphate,  takes  the  casein  from  the  calcium  phosphate,  and  precipitates  the  casein.  The  sugar 
is  decomposed  into  lactic  acid  and  C0„. 

Kennet  (§  250,  9,  d,  §  166,  II.)  coagulates  milk  with  an  alkaliiic  reaction  (sweet  whey). 
This  ferment  decomposes  the  casein  into  the  precipitated  cheese  and  also  into  the  slightly  soluble 
whey-albumin,  so  that  the  coagulation  by  rennet  is  a  process  quite  distinct  from  the  coagulation 
of  milk  by  the  gastric  and  pancreatic  juices,  [and  also  from  the  precipitation  produced  by  acids. 
The  presence  of  calcium  phosphate  seems  to  be  necessary  for  the  complete  action  of  the  rennet 
{Hammarsten)]. 

[Experiments.— Warm  a  little  milk  to  40°  C,  and  add  a  few  drops  of  commercial  rennet, 
setting  aside  the  mixture  in  a  warm  place;  a  solid  coagulum  is  soon  formed,  and  by  and  by  the 
whey  separates  from  it.  If  the  milk  be  previously  diluted  with  water,  no  coagulum  is  formed  ; 
and  if  the  rennet  be  boiled  before,  it  like  other  ferments  is  destroyed.  A  solution  of  rennet 
may  be  prepared  by  extracting  the  fourth  stomach  of  the  calf  with  glycerine.  [When  the  nulk 
is  coagulated  we  obtain  the  curd,  consisting  of  casein  with  some  milk-globules  entangled  in  it ; 
the  whey  contains  some  soluble  albumin  and  fat,  and  the  great  proportion  of  the  salts  and  milk- 
sugar,  together  with  lactic  acid.  ]  ^      „    .  \  A 

[A  milk-coagulating  fei-ment  is  found  in  certain  plants  (artichokes,  figs,  Carica  papaya),  ana 
causes  milk  to  coagulate  in  neutral  or  alkaline  solutions.    It  is  also  found  in  the  small  intestine 
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Cow. 

Goat. 

Ass. 

86-23 

86-85 

89-01 

13-77 

13-52 

10-99 

3-23 

2-53  ) 

3-57 

0-50 

1-26  \ 

4-50 

4-34 

1-85 

4-93 

3-78  ) 

5-05 

0-61 

0-65  i 

of  the  calf,  while  a  5  per  cent.  NaCl  aoUition  of  the  seeds  of  IVithania  coagulans  coagulates  milk 

^'^BoilhWbv  kmhis  all  the  lower  organisms),  sodium  bicarbonate  (niW).  ammonia,  salicylic 
acid  o-lvcerine,  and  ethereal  oil  of  mustard  prevent  the  spontaneous  coagulation.  Fresh 

mUk  Siles  tincture  of  guaiacura  blue,  but  boiled  milk  does  not  do  so.  _  When  nulk  is  exposed 
to  the  air  for  a  loner  time,  it  gives  olf  C0„  and  absorbs  0  ;  the  fats  are  increased  owing  to  the 
development  of  f m?gi  in  the  milk),  and  so  are  the  alcoholic  and  ethereal  extracts,  from  the  de- 
composition of  the  casein.  According  to  Schmidt-Miilheim,  some  of  the  casein  becomes  con- 
verted into  peptone,  but  this  occurs  only  in  uuboded  milk. 
Composition.— 100  parts  of  milk  contain— 

Human. 

Water,  .  .  .  87-24  to  90-58 
Solids,     .       .       .        9-42  „  12-39 

Casein,        .       .        2-91,,    3-92  K.qq     2-36  j 

Albumin,     .       .  ••■         •••   i  < 

Butter,        .       .        2-67  „  4-30 

Milk-sugar,  .       .        3-15  ,,  6-09 

Salts,  .  .  .  0-14  ,,  0-28 
Human  milk  contains  less  albumin,  which  is  more  soluhle  than  the  albumin  in  the  milk  of 

"^Colostrum  contains  much  seram-albumin,  and  very  little  casein,  while  all  the  other  substances, 
and  especially  the  fats,  are  more  abundant.  /^ 

Gases.— Pfi tiger  and  Setschenow found  in  100  vols,  of  milk  5-01  to  7-60  CO2 ;  0-09  to  0;32  O  ; 
0-70  to  1-41  N,  according  to  volume.    Only  part  of  the  CO2  is  expelled  by  phosphoric  acid. 

Salts.— The  potash  salts  (as  in  blood  and  muscle)  are  more  abundant  than  the  soda  com- 
pounds while  there  is  a  considerable  amount  of  calcium  phosphate,  which  is  necessary  ior  form- 
ing the  hones  of  the  infant.  Wildenstein  found  in  100  parts  of  the  ash  of  human  milk— sodium 
chloride,  10-73;  potassium  chloride,  26-33;  potash,  21-44;  lime,  18-78;  magnesia,  0-87; 
phosphoric  acid,  19  ;  ferric  phosphate,  0-21  ;  sulphuric  acid,  2-64  ;  silica,  traces.  The  amount 
of  salts  present  is  affected  by  the  salts  of  the  food. 

Conditions  Influencing  the  Composition.— The  oftener  the  breasts  are  emptied,  the  richer  the 
milk  becomes  in  casein.  The  last  milk  obtained  at  any  time  is  always  richer  in  butter,  as  it 
comes  from  the  most  distant  part  of  the  gland— viz.,  the  acini.  Some  substances  are  dimin- 
ished and  others  increased  in  amount,  according  to  the  time  after  delivery.  The  following  are 
increased:— \J-ai\].  the  2ad  month  after  delivery,  casein  and  fat ;  until  the  5th  month,  the  salts 
(which  diminish  jDrogressively  from  this  time  onwards) ;  from  the  8th  to  the  10th  month,  the 
sugar.  The  following  are  diminished  :—Yvom.  10th  to  24th  month,  casein  ;  from  5th  to  6th 
and  10th  to  11th  month,  fat ;  during  1st  month,  the  sugar  ;  from  the  5th  month,  the  salts. 

The  gi-eater  the  amount  of  milk  that  is  secreted  (woman),  the  more  casein  and  sugar,  and  the 
less  butter  it  contains.  The  milk  of  a  primipara  is  less  watery.  Rich  feeding,  especially  pro- 
teids  (small  amount  of  vegetable  food),  increases  the  amount  of  milk  and  the  casein,  sugar,  and 
fat  in  it ;  a  large  amount  of  carbohydrates  (not  fats)  increases  the  amount  of  sugar. 

[Modifying  Conditions.— That  cow's  milk  is  influenced  by  the  pasture  and  food  is  well  known. 
Turnip  as  food  gives  a  peculiar  odour,  taste,  and  flavour  to  milk,  and  so  do  the  fragrant  grasses. 
The  mental  state  of  the  nurse  influences  the  quantity  and  quality  of  the  milk.  Jaborandi  is 
the  nearest  approach  to  a  galactagogue,  but  its  action  is  temporarj'.  Atropin  is  a  true  anti- 
galactagogue.  The  composition  of  the  milk  may  be  affected  by  using  fatty  food,  by  the  use  of 
salts,  and  above  all  by  the  diet  (Dolan).] 

[Milk  may  be  a  vehicle  for  communicating  disease — by  direct  contamination,  from  the 
water  used  for  adulterating  it  or  cleansing  the  vessels  in  which  it  is  kept ;  by  the  .milk  absorb- 
ing deleterious  gases  ;  by  the  secretion  being  altered  in  diseased  animals.]  Milk  ought  not  to 
be  kept  in  zinc  vessels,  owing  to  the  formation  of  zinc  lactate. 

Substitutes. — If  other  than  human  milk  has  to  be  used,  ass's  milk  most  closely  resembles 
human  milk.  Cow's  milk  is  best  when  it  contains  plenty  of  fatty  matters — it  must  be  diluted 
with  its  own  volume  of  water  at  first,  and  a  little  milk-sugar  added.  The  casein  of  cow's  milk 
differs  qualitatively  from  that  of  human  milk  ;  its  coagulated  flocculi  or  curd  are  much  coarser 
than  the  fine  curd  of  human  milk,  and  they  are  only  |  dissolved  by  the  digestive  juices,  while 
human  milk  is  completely  dissolved.  Cow's  milk  when  boiled  is  less  digestible  than  un- 
boiled. 

Tests  for  Milk. — The  amount  of  cream  is  estimated  by  placing  the  milk  for  twenty- four 
hours  in  a  tall  cylindrical  glass  graduated  into  a  hundred  parts  or  creamometer  ;  the  cream 
collects  on  the  surface,  and  ought  to  form  from  10  to  24  vols,  per  cent.  [The  cream  is  gone- 
rally  about  TfiT-]  The  specific  gravity  (fresh  cow's  milk,  1029  to  1034  ;  when  creamed,  1032 
to  1040)  is  estimated  with  the  lactometer  at  15°  C.  The  sugar  is  estimated  by  titration  with 
Fehling's  solution  (§  150,  II.),  but  in  this  case  1  cubic  centimetre  of  the  solution  corresponds 
to  0  -0067  grm.  of  milk-sugar  ;  or  its  amount  may  be  estimated  with  the  polariscopic  apparattis 
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(§  150).  The  proteida  are  precipitated  and  the  fata  extracted  with  ether.  The  fats  in  fresli 
milk  form  about  3  per  cent.,  and  in  skimmed  milk  lA  per  cent.  The  amount  of  water  in  rela- 
tion to  the  milk-globules  is  estimated  by  the  lactoBcope  or  the  diaphanometer  of  Donne  (modi- 
lied  by  Vogel  and  Hoppe-Scyler),  which  consists  of  a  glass  vessel  with  plane  parallel  sides  placed 
1  centimetre  apart.  A  measured  quantity  of  milk  is  taken,  and  water  is  added  to  it  from  a 
burette  until  the  outline  of  a  candle  flame  placed  at  a  distance  of  1  metre  can  be  distinctly  seen 
through  the  diluted  milk.  This  is  done  in  a  dark  room.  For  1  cubic  centimetre  of  good  cow's 
milk,°70  to  85  centimetres  water  are  required.  [Other  forms  of  lacto.scope  are  used,  all  depend- 
ing on  the  same  principle  of  an  optical  test,  viz.,  that  the  opacity  of  milk  varies  with  and  is 
proportional  to  the  amount  of  butter-fats  present,  i.e.,  the  oil-globules.  Bond  uses  a  shallow 
cylindrical  vessel  with  the  bottom  covered  by  black  lines  on  a  white  surface.  A  measured 
quantity  of  water  is  placed  in  this  vessel,  and  milk  is  added,  drop  by  drop,  until  the  parallel 
lines  on  the  pattern  at  the  bottom  of  the  dish  cease  to  be  visible.  On  counting  the  number  of 
drops,  a  table  accompanying  the  appliance  gives  the  percentage  of  fats.  This  method  gives 
approximate  results.    In  all  cases  it  is  well  to  use  fresh  milk.] 

Various  substances  pass  into  the  milkM)/tc?i  they  are  administered  to  the  mother— mAny  odori- 
ferous vegetable  bodies,  e.g.,  anise,  vermuth,  garlic,  &c.  ;  chloral,  rhubarb,  opium,  indigo, 
salicylic  acid,  iodine,  iron,  zinc,  mercury,  lead,  bismuth,  antimony.  In  osteomalacia  the  amount 
of  lime  in  the  milk  is  increased  {Giisseroxo).  Potassium  iodide  diminishes  the  secretion  of  milk 
by  affecting  the  secretory  function.  Amongst  abnormal  constituents  are— hajmoglobin,  bile- 
pigments,  mucin,  blood-corpuscles,  pus,  fibrin.  Numerous  fungi  and  other  low  organisms 
develop  in  evacuated  milk,  and  the  rare  Hue  milk  is  due  to  the  development  of  bacillus 
cyanogeneum.  The  milk-serum  is  blue,  not  the  fungus.  Blue  milk  is  unhealthy,  and  causes 
diarrhoea.  There  are  fungi  which  make  milk  hluish-black  or  green.  Bed  and  yellow  milk  are 
produced  by  a  similar  action  of  chromogenic  fungi  (§  184).  The  former  is  produced  by  Micro- 
coccus prodigiosus,  which  is  colourless.  The  colour  seems  to  be  due  to  fuchsm.  The  yellow 
colour  is  produced  by  bacillus  synxanthus.  Some  of  the  pigments  seem  to  be  related  to  the 
aniline-,  and  others  to  the  phenol-colouring  matters  {Eiiiype).  _ 

The  rennet-like  action  of  bacteria  is  a  widely  diffused  property  of  these  organisms  ;  they 
coagulate  and  peptonise  casein  and  may  ultimately  produce  further  decompositions.  The 
butyric  acid  bacillus  (§  184)  first  coagulates  casein,  then  peptonises  it,  and  finally  splits  it  up, 
with  the  evolution  of  ammonia  {Hiippe).  _  r    j  , 

Milk  becomes  stringij  owing  to  the  action  of  cocci  which  form  a  stringy  substance  L  =  c(ca^mn. 
CjoHioOio  {ScheiMer)],  just  as  beer  or  wine  undergoes  a  similar  or  ropy  change.  [Ihe  milk  ot 
diseased  animals  may  contain  or  transmit  directly  infectious  matter.]  ,  .    ,  ...  . 

Preparations  of  Milk.— (1)  Condensed  milk— 80  grms.  cane-sugar  are  added  to  1  litre  ot 
milk ;  the  whole  is  evaporated  to  i ;  and  while  hot  sealed  up  in  tiu  cans.  For  children  one 
teaspoonful  is  dissolved  in  a  pint  of  cold  water,  and  then  boiled.  _ 

(2)  Koumiss  is  prepared  by  the  Tartars  from  mare's  milk.  After  the  acldition  of  koimiss 
and  sour  milk,  the  whole  is  violently  stirred,  and  it  undergoes  the  alcohohc  fermentation, 
whereby  the  milk-sugar  is  first  changed  into  galactose,  and  then  into  alcohol ;  so  that  koumiss 
contains  2  to  3  per  cent,  of  alcohol ;  while  the  casein  is  at  first  precipitated,  but  is  afterwards 
partly  redissolved  and  changed  into  acid-albumin  and  peptone.  Tartar  koumiss  seems  to  be 
produced  by  the  action  of  a  special  bacterium  (Diaspora  caucasia)._  ,     ^  .  . 

(3)  Cheese  is  prepared  by  coagulating  milk  with  rennet,  allowmg  the  whey  to  separate,  and 
adding  salt  to  the  curd.  When  kept  for  a  long  time  cheese  "  npens,"  the  casein^again  becomes 
soluble  in  water,  probably  from  the  formation  of  soda  albuminate ;  in  many  cases  it  becomes 
semi-fluid,  when'it  takes  the  characters  of  peptones.  When  further  decomposition  occur  lencm 
and  tyrosin  are  formed.  The  fats  increase  at  the  expense  of  the  casein  and  ^i^/f^;^^^,^^^^^^ 
further  change,  the  volatile  fatty  acids  giving  the  characteristic  odour.  The  iorraation  ot 
peptone,  leudn  tyrosin,  and  the  decomposition  of  fat  recall  the  digestive  P^^esses  [Cheese 
I  coagulated  casein  entangling  more  or  less  fat,  so  that  the  richness  of  tf,^,.^^^ \  ^E*^ 
upon  the  kind  of  milk  from  which  it  is  made  There  are,  m  this  ^^^^iJ^^^'^V^^^^^^^^^^ 
whole  milk,  skim  milk,  and  cream  cheese,  the  last  being  represented  by  Stilton,  Roquefort, 
Cheshire,  &c.    The  composition  is  shown  in  the  following  table  after  Bauer  :— 


Water. 

Nitrogenous 
Matter. 

Fat. 

Extractives. 

Ash. 


Cream  cheese, 
Whole  milk,  . 
Skim  milk,  . 

35-75 
46-82 
48-02 

7-16 
27-62 
32-65 

30-43 
20-54 
8-41 

2-53 
2-97 
6-80 

4-13 
3  05 
4-12 

flavour 


navourwiieii  ii,  la  jvduu  cui^i  —  ,    —         ^     i    .i        •j„  -x 

ammonium  sulphide,  while  the  fats  yield  butyric,  caproic,  and  other  acids.  J 
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232  EGGS  must  be  regarded  as  a  complete  food,  as  the  organism  of  the  young 
chick  is  developed  from  them.  The  yolk  contains  a  characteristic  proteid  body— 
vitellin  (%  249)  and  an  alhuminate  in  the  envelopes  of  the  yellow  yolk  spheres— 
miclnn,  irom  the  white  yolk ;  fats  in  the  yellow  yolk  (palmitin,  olein),  cholesterm. 
much  lecithin ;  and  as  its  decomposition-product,  glycerin-phosphoric  acid— cjrape- 
maar,  pigments  (lutein),  and  a  body  containing  iron  and  related  to  hajmoglobin ; 
lastly  salts  qualitatively  the  same  as  in  blood— quantitatively  as  in  the  hlood-cor- 
puscles— and  gases.  The  chief  constituent  of  the  white  of  egg  is  egg-albumin 
(§  249),  together  with  a  small  amount  of  palmitin  and  olein  partly  saponified  with 
soda ;  grape-sugar,  extractives  ;  lastly  salts,  qualitatively  resembling  those  of  blood, 
but  quantitatively  like  those  of  senim,  and  a  trace  of  fluorine.  Relatively  more  of  the 
nitrogenous  constituents  than  of  the  fatty  constituents  of  eggs  are  absorbed  {Ruhner). 

[The  sheU  is  composed  chiefly  of  mineral  matter  (&1  per  cent,  of  calcic  carbonate,  6  per  cent, 
of  calcic  phosphate,  and  3  per  cent,  of  organic  matter.  A  hen's  egg  weighs  about  1|  oz.,  ot 
which  the  shell  forms  about  ^.    Note  the  amount  of  fats  m  the  yolk.] 

Composition  : — 

AVhite  of  Egg.  Yolk. 


61-5 
15-0 
30-0 


Mineral  matter, 


Pigment  extractives 


White  of  Egg.  Yolk. 
1-2  1-4 
2-1 


Water,  .  .  .  84-8 
Proteids,  .  .  12-0 
Fats,  &c.,  .  .  2-0 
233.  FLESH  AND  ITS  PREPAKATIONS.— Plesh,  in  the  form  in  which  it 
is  eaten,'  contains,  in  addition  to  the  muscle-substance  proper,  more  or  less  of  the 
elements  of  fat,  connective-  and  elastic-tissue  mixed  with  it  (§  293).  The  following 
results  refer  to  flesh  freed  as  much  as  possible  from  those  constituents.  The  chief 
proteid  constituent  of  the  contractile  muscular  substance  is  myosin ;  serum-albumin 
occurs  in  the  fluid  of  the  fibres,  in  the  lymph  and  blood  of  muscle.  The  fats  are 
for  the  most  part  derived  from  the  interfascicular  fat-cells,  while  lecithin  and  chole- 
sterin  come  from  the  nerves  of  the  muscles ;  the  gelatin  is  derived  from  the  connec- 
tive-tissue of  the  perimysium,  perineurium,  and  the  walls  of  blood-vessels  and 
tendons.  The  red  colour  of  the  flesh  is  due  to  the  haemoglobin  present  in  the 
sarcous  substance,  but  in  some  muscles,  e.g.,  the  heart,  there  is  a  special  pigment, 
myoheematin  (MacMunn).  Elastin  occurs  in  the  sarcolemma,  neurilemma,  and  in 
the  elastic  fibres  of  the  perimysium  and  walls  of  the  vessels  ;  the  small  amount  of 
keratin  is  derived  from  the  endothelium  of  the  vessels.  The  chief  muscular  sub- 
stance, the  result  of  the  retrogressive  metabolism  of  the  sarcous  substance,  is  hreatin 
( — 0"05  per  cent.) ;  kreatinin,  the  inconstant  inosinic  acid,  then  lactic,  or  rather 
sarcolactic  acid  (§  293).  Further,  taurin,  sarkin,  xanthin,  uric  acid,  carnin,  inosit 
(most  abundant  in  the  muscles  of  drunkards),  urea  (O'l  per  cent.)  dextrin  (in  horse 
and  rabbit,  not  constant) ;  grape-siigar,  but  this  is  very  probably  derived  p)Ost-mortem 
from  glycogen  (0'43  per  cent.),  which  occurs  in  considerable  amount  in  foetal 
muscles ;  lastly  volatile  fatty  acids.  Amongst  the  salts,  potash  and  phosphoric 
acid  compounds  are  most  abundant ;  magnesium  phosphate  exceeds  calcium  phos- 
phate in  amount.  [The  composition  varies  somewhat  even  in  different  muscles  of 
the  same  animal.] 

In  100  parts  Flesh  there  are,  according  to  Schlossberger  and  v.  Bibra — 


0.\. 

Calf. 

Deer. 

Pig. 

Man. 

Fowl. 

Carp. 

Frog. 

Water, 

77-50 

78-20 

74-63 

78-30 

74-45 

77-30 

79-78 

80-43 

Solids, 

22-50 

21-80 

25-37 

21-70 

25-55 

22-7 

20-22 

19-57 

Soluble  albumin,  . 
Colouring  matter,  . 

|2-20 

2-60 

1-94 

2-40 

1-93 

3-0  1 

2-35 

1-86 

Glutin,  . 

1-30 

1-60 

0-50 

0-80 

2-07 

1-2 

1-98 

2-48 

Alcoholic  extract,  . 

1-50 

1-40 

4-75 

1-70 

3-71 

1-4 

3-47 

3-46 

Fats, 

1-30 

2-30 

1-1] 

0-10 

Insoluble  albumin, 

Blood-vessels,  &c., 

17-50 

16-2 

16-81 

16-81 

15-54 

16-5 

11-31 

11-67 
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In  100  parts  Aflh  there  are — 


Horse. 


Ox. 


Calf. 


Potash,  . 

Soda, 
Magnesia, 
Chalk,  . 
Potas.siuni, 
Sodium, 
Chlorine, 
Iron  oxide,  . 
Phosphoric  Acid, 
Sulphuric 
Silicic  ,, 
Carbonic     , , 
Ammonia, 


1-0 
46-74 

0-30 


39-40 
4-86 
3-88 
1-80 


( 


4-86 
0-98 
34-36 
3-37 
2-07 
8-02 
0-15 


35-94 


3-31 
1-73 
5-36 


} 


34-40 
2-35 
1-45 
1-99 


0-27 
48  13 


10-59 


0-81 


{ 


0-40 
0-62 
0-35 
44-47 


37-79 
4-02 
4-81 
7-54 


The  amount  of  fat  in  flesh  varies  very  much  according  to  the  condition  of  tlie  animal  After 
removal  of  the  visible  fat,  human  flesh  contains  7-15  ;  ox,  11-12  ;  calf,  10-4  :  sheep,  3-9  :  \vi\d 
goose,  8-8;  fowl,  2-5  per  ce)it. 

The  amount  of  extractives  is  most  abundant  in  those  animals  which  exhibit  energetic 
muscular  action  ;  hence  it  is  largest  in  wild  animals.  The  extract  is  increased  after  vigorous 
muscular  action,  whereby  sarcolactic  acid  is  developed,  and  the  flesh  becomes  more  tender  and  is 
more  palatable.  Some  of  the  extractives  excite  the  nervous  system,  e.g.,  kreatin  arid  kreatinin  ; 
and  others  give  to  flesh  its  characteristic  agreeable  flavour  ["  osmasome,"]  but  this  is  also  partly 
due  to  the  diff'erent  fats  of  the  flesh,  and  is  best  developed  when  the  flesh  is  cooked.  The  ex- 
tractives in  100  parts  of  flesh  are  in  man  and  pigeon,  3  ;  deer  and  duck,  4  ;  swallow,  7  per  cent. 

Cooking  of  Flesh.— As  a  general  rule,  the  flesh  of  yotmg  animals,  owing  to  the  sarcolemma, 
connective-tissue,  and  elastic  constituents  being  less  tough,  is  more  tender  and  more  easily 
digested  than  the  flesh  of  old  animals  ;  after  flesh  has  been  kept  for  a  time  it  is  more  friable 
and  tender,  as  the  inosit  becomes  changed  into  sarcolactic  acid  and  the  glycogen  into  sugar, 
and  this  again  into  lactic  acid,  whereby  the  elements  of  the  flesh  undergo  a  kind  of  maceration.' 
Finely  divided  flesh  is  more  digestible  than  when  it  is  eaten  in  large  pieces.  In  cooking  meat, 
the  heat  ought  not  to  be  too  intense,  and  ought  not  to  be  continued  too  long,  as  the  muscular 
fibres  thereby  become  hard  and  shrink  very  much.  Those  parts  are  most  digestible  which  are 
obtained  from  the  centre  of  a  roast  where  they  have  been  heated  to  60"  to  70"  C,  as  this 
temperature  is  sufficient,  with  the  aid  of  the  acids  of  the  flesh,  to  change  the  connective-tissue 
into  gelatin,  whereby  the  fibres  are  loosened,  so  that  the  gastric  juice  readily  attacks  them.  In 
roasting  beef,  apply  heat  suddenly  at  first,  to  coagulate  a  layer  on  the  surface,  which  prevents 
the  escape  of  the  juice. 

Meat  Soup  is  best  prepared  by  cutting  the  flesh  into  pieces  and  placing  them  for  several 
hours  in  cold  water,  and  afterwards  boiling.  Liebig  found  that  6  parts  per  100  of  ox  flesh  were 
dissolved  by  cold  water.  When  this  cold  extract  was  boiled,  2-95  parts  were  precipitated  as 
coagulated  albumin,  which  is  chiefly  removed  by  "skimming,"  so  that  only  3-05  parts  remain 
in  solution.  From  100  parts  of  flesh  of  fowl,  8  parts  were  extracted,  and  of  these  4*7  was  coagulated 
and  3  "3  remained  dissolved  in  the  soup.  By  boiling  for  a  very  long  time,  part  of  the  albumin 
may  be  redissolved.  The  dissolved  substances  are  : — (1)  Inorganic  salts  of  the  meat,  of  which 
82  -27  per  cent,  pass  into  the  soup  ;  the  earthy  phosphates  chiefly  remain  in  the  cooked  meat. 
(2)  Kreatin,  kreatinin,  the  inosinates  and  lactates  which  give  to  broth  or  beef-tea  their  stimu- 
lating qualities,  and  a  small  amount  of  aromatic  extractives.  (3)  Gelatin,  more  abundantly 
extracted  from  the  flesh  of  young  animals.  According  to  these  facts,  therefore,  flesh  broth  or 
beef-tea  is  a  powerful  stimulant,  supplying  muscle  with  restoratives,  but  is  not  a  food  in  the 
ordinary  sense  of  the  term,  as  kreatin  in  general  leaves  the  body  unchanged  {v.  Voit).  The 
flesh,  especially  if  it  be  cooked  in  a  lai-ge  mass,  after  the  extraction  of  the  broth  is  still  avail- 
able as  a  food. 

Liebig's  Extract  of  Meat  is  an  extract  of  flesh  evaporated  to  a  thick  syrupy  consistence.  It 
contains  no  fat  or  gelatin,  and  is  chiefly  a  solution  of  the  extractives  and  salts  of  flesh. 

[Extract  of  Fish.— A  similar  extract  is  now  prepared  from  fish,  and  such  extract  has  no  fishy 
flavour,  but  i)resents  much  the  same  appearance,  odour,  and  properties  as  extract  of  flesh.] 

234.  VEGETABLE  FOODS.— The  nitrogenous  constituents  of  plants  are  not 
so  easily  absorbed  as  animal  food  [Ruhner).  Carbohydrates,  starch,  and  sugar  are 
very  completely  absorbed,  and  even  a  not  inconsiderable  proportion  of  cellulose  may- 
be digested.  The  more  fats  that  are  contained  in  the  vegetable  food,  the  less  are 
the  carbohydrates  digested  and  absorbed. 


VEGETABLE  FOODS. 


1.  The  cereals  are  most  important  vegetable  foods ;  they  contain  proteids,  starch, 
salts,  and  water  about  14  per  cent.  The  nitrogenous  body  glutin  is  most  abundant 
under  the  husk  (fig.  236,  c).  The  use  of  whole  meal  containing  the  outer  layers 
of  the  grain  is  highly  nutritive,  but  bread  containing  much  bran  is  somewhat  indi- 
gestible {Buhner).    Their  composition  is  the  following : — 


100  Parts  of  the  Dry  Meal  contain 

100  Parts  of  Ash  contain 

Of 

Albumin. 

Starch. 

Ued  Wlicat. 

White  Wheat. 

Wheat,  . 
Eye, 

Barley,  . 
Maize,  , 
Rice, 

Buckwheat, 

16-  52  % 
11-92 

17-  70 
13-65 

7-40 
6-8-10-5 

56-25  % 

60-91 

38-31 

77-74 

86-21 

65-05 

27-87 

15-75 
1-93 
9-60 
1-36 

49-36 
0-15 

Potash,  . 

Soda, 

Lime, 

Magnesia, 

Iron  oxide, 

Phosphoric  Acid, 

Silica, 

33-84 

3-09 
13-54 

0-31 
59-21 

It  is  curious  to  observe  that  soda  is  absent  from  white  wheat,  its  place  being  taken  by  other 
alkalies.  Rye  contains  more  cellulose  and  dextrin  than  wheat,  but  less  sugar ;  rye-bread  is 
usually  less  porous. 

[Oatmeal  contains  more  nitrogenous  substances  (gliadin  and  glutin-casein)  than  wheaten  flour, 
but  owing  to  the  want  of  adhesive  properties  it  cannot  be  made  into  bread.  The  amount  of  fat 
and  salts  is  large.] 

In  the  preparation  of  bread  the  meal  is  kneaded  with  water  until  dough  is  formed,  and  to 
it  is  added  salt  and  yeast  (Saccharomycetes  cerevisite).  When  placed  in  a  warm  oven,  the  pro- 
teids of  the  meal  begin  to  decompose  and 
act  as  a  ferment  upon  the  swollen-up  starch, 
which  becomes  in  part  changed  into  sugar. 
The  sugar  is  further  decomposed  into  C0„ 
and  alcohol,  the  COj  forms  bubbles,  which 
cause  the  bread  to  "rise  "  and  thus  become 
spongy  and  porous.  The  alcohol  is  driven 
off  by  the  baking  (200°),  while  much  soluble 
dextrin  is  formed  in  the  crust  of  the  bread. 
[But  CO2  may  be  set  free  within  the  dough 
by  chemical  means  without  yeast  or  leaven, 
thus  forming  imfermented  bread.  This 
is  done  by  mixing  with  the  dough  an 
alkaline  carbonate  and  then  adding  an  acid.  Fig.  236. 

Baking  powders  consist  of  carbonate  of  Microscopic  characters  of' wheat  (  x  200).    a,  cells  of 

Zt  fT/«Pr.tT  r  A   1  the  bran  ;  b,  cells  of  thin  cuticle  ;  c,  glutin  cells  ; 

cess  for  aerated  bread  the  CO^  is  forced     d,  starch  cells, 
into  water,  and  a  dough  is  made  with  this 

water  under  pressure,  and  when  the  dough  is  heated,  the  CO,  expands  and  forms  the  spongy 
bi-ead.  Bread  as  an  article  of  food  is  deficient  in  N,  while  it  is  poor  in  fats  and  some  salts. 
Hence  the  necessitj'  for  using  some  form  of  fat  with  it  (butter  or  bacon). 

2.  The  pulses  contain  much  albumin,  especially  legumin  :  together  with  starch, 
lecithin,  cholesterin,  and  9  to  19  per  cent,  water.  Peas  contain  18-02  proteids,  and 
34-81  starch:  beans  28-54,  and  37-50:  lentils,  29-31,  and  40,  and  more  cellulose. 
Owing  to  the  absence  of  glutin  they  do  not  form  dough,  and  bread  cannot  be  pre- 
pared from  them.  On  account  of  the  large  amount  of  proteids  which  they  contain, 
they  are  admirably  adapted  as  food  for  the  poorer  classes. 

[3.  The  whole  group  of  farinaceous  substances  used  as  "pudding  stuffs,"  such  as  corn-flour, 
arrow-^ot,  nee,  hominy,  are  really  very  largely  composed  of  starchy, substances.] 

4.  Fotatoes  contain  70  to  81  per  cent,  water.  In  the  fresh  juicy  cellular  tissue, 
which  has  an  acid  reaction,  from  the  presence  of  phosphoric,  malic,  and  hydro- 
chloric acids,  there  is  16  to  23  per  cent,  of  starch,  2-5  soluble  albumin,  globulin, 
and  a  trace  of  asparagin.  The  envelopes  of  the  cells  swell  up  by  boiling,  and  are 
changed  into  sugar  and  gums  by  dilute  acids.  The  poisonous  solanin  occurs  in  the 
sprouts.    In  100  parts  of  potato  ash,  May  found  49-96  potash,  2-41  sodium  chloride, 
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8-11  potassium  chloride,  6-50  sulphuric  acid  derived  from  burned  proteids,  7*17 
silica. 

5.  In  fruits  the  chief  nutrient  ingredients  ai-e  sugar  and  salts ;  the  organic  acids 
give  them  their  characteristic  taste,  the  gelatinising  substance  is  the  soluble  so-called 
pectin  ( C3.2H.1sO3,,),  which  can  be  prepared  artificially  by  boiling  the  very  insoluble 
pectose  of  unripe  fruits  and  mulberries. 

6.  Green  Vegetables  are  especially  rich  in  salts,  which  resemble  the  salts  of  the 
blood  ;  thus,  dry  salad  contains  23  per  cent,  of  salts,  which  closely  resemble  the 
salts  of  the  blood.  Of  much  less  importance  are  the  starch,  cell-substance,  dextrin, 
sugar,  and  the  small  amount  of  albumin  which  they  contain. 

[Vegetablea  are  chiefly  iiseful  for  the  salts  they  contain,  while  many  of  them  are  antiflcor- 
biitic.  Their  value  is  attested  by  the  serious  defects  of  nutrition,  such  as  scurvy,  which  result 
when  they  are  not  supplied  in  the  food.  In  Arctic  expeditions  and  in  the  navy,  lime  juice  is 
served  out  as  an  antiscorbutic] 

[Preserved  Vegetables.  — The  dried  and  compressed  vegetables  of  Messrs  Chollet  &  Company 
are  an  excellent  substitute  for  fresh  vegetables,  and  are  used  largely  in  naval  and  military  ex- 
peditions.] 

[Utilisation  of  Food. — As  regards  what  percentage  of  the  food  swallowed  is 
actually  absorbed,  we  know  that,  stated  broadly,  vegetable  food  is  assimilated  to  a 
much  less  extent  than  animal  food  in  man.  Fr.  Hofmann  gives  the  following  table 
as  showing  this  : — 


Vegetable. 

Animal. 

Weight  of  Food. 

Digested. 

Undigested. 

Digested. 

Undigested. 

Of  100  parts  of  solids,  .... 
,,100  ,,  albumin,  .... 
, ,  100      , ,     fats  or  carbohydrates,  . 

75-5 
46-6 
90-3 

24-5 
53-4 
9-7 

89-9 
81-2 
96-9 

11-1 
18-8 
3-1] 

LJ.ut:  luiiuwiiig  Lauic,  oiwiivi^v,^*  *  ,  

diet,  and  is  also  used  for  calculating  diet  tables  :— 


Ai'ticles. 


Beef  steak, 

Fat  pork,  . 

Smoked  ham,  . 

White  fish. 

Poultry,  . 

White  wheateri  bread. 

Wheat  flour. 

Biscuit, 

Rice, 

Oatmeal,  . 

Maize, 

Macaroni,  . 

Arrow-root, 

Peas  (dry),        .  ■ 

Potatoes,  . 

Carrots, 

Cabbage,  . 

Butter, 

Egg  (rs  for  shell),  . 
Cheese, 

Milk  (S.  G.  1032),  . 
Cream, 

Skimmed  milk. 
Sugar, 


Water. 


74-4 

39-  0 
27  -8 
78-0 
74-0 

40-  0 
15-0 

8-0 
10-0 
1.5-0 
13-5 
13-1 
15-4 
15-0 
74-0 

85-  0 
91-0 

6-0 
73-5 
36'8 

86-  8 
66-0 
88-0 

3-0 


Proteids. 


20-  5 
9-8 

24-0 
18-1 

21-  0 

8-  0 

11-  0 
15-6 

5-0 

12-  6 
10-0 

9-  0 

0-  8 

22-  0 
2-0 

1-  6 

1-  8 
0-3 

13-  5 
33-5 

4-0 

2-  7 
4-0 


Fats. 


3-5 
48-9 
36-5 

2-  9 

3-  8 

1-  5 

2-  0 

1-  3 
0-8 

5-  6 

6-  7 
0-3 

2-  0 
0-16 

0-  25 
5-0 

91-0 
11-6 
24-3 

3-  7 
26-7 

1-  8 


Carbo- 
hydrates. 


49-2 
70-3 
73-4 
83-2 

63-  0 

64-  5 
76-8 
83-3 
53-0 
21-0 

8-4 
5-8 


4-  8 
2-8 

5-  4 
96-5 


Salts. 


1-  6 

2-  3 


10 
1 
1 
1 
1 
1 


1 
0 
2 
3 
■7 
■7 

0-  5 
3-0 

1-  4 
0-8 

0-  27 

2-  4 

1-  0 

1-  0 

0-  7 

2-  7 

1-  0 
5-4 

0-  7 

1-  8 
0-S 
0-5] 


OCIP;  CONDIMENTS,  COFFEE,  TEA,  ALCOHOL. -Some  substances  ai;e  used  along  with 
foodfn^ot  soToron  account  of  their  nutritive  properties  as  on  account  of  Iheu-  stimulatmg 
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effects  and  agreeable  qualities,  which  are  exerted  partly  upon  the  organ  of  taste  and  partly  upon 
the  nervous  system.    Tlieso  are  called  condiments.  ,  ,    r.i    /■    ^   <•  4.1         ^  a 

cXe  Tea^uVd  Chocolate  are  prepared  as  infusions  of  certain  vegetables  [the  first  of  the  roasted 
berr7  tlm  secoXf  the  leaves,  and  the  third  of  the  seeds].  Their  chief  active  ingredients  are  re- 
sp  cti've  V  ca£,  bin  (C«H  „NA+  H,0),  and  theobromin  (G,H,N,0,),  whic  '  are  regarded  a.s- 
ES  orthe  vegetable  bases,  and  which  have  recently  been  prei^ared  artificially  trom  xanthin 
?i  1^11° )  [Gnarana,  or  B.'azilian  cocoa,  is  made  of  the  seeds  ground  into  a  paste  in  the 
bmf  of  a  sausage.  Mate  or  Paraguay  tea  (the  leaves  of  a  species  ot  holly)  is  used  in  South 
America  and  solilso  is  the  coca  of'the  Andes  (Erythroxylon  Coca).]_  These  '  alkaloids  occur 
™h 'in  the  plants  containing  them  ;  they  behave  like  ammonia  ;  they  have  an  alkaline 
react  on  and  fonn  crystalline  salts  with  acids.  All  these  vegetable  bases  act  upon  the  nervous 
system  •'  some  more  feebly  (as  the  above),  others  more  powerfully  (quinine) ;  some  stimulate 
powerfully,  or  completely  paralyse  (morphia,  atropm,  strychnin,  curarin,  uicotm). 

Effects.— All  these  substances  act  on  the  nervous  system ;  they  quicken  thought^ 
accelerate  movement,  and  stir  one  to  greater  activity.  In  these  respects  they 
resemble  the  stimulating  extractives  of  beef-tea.  CofEee  contains  about  ^-  per  cent, 
of  caffein,  part  of  which  only  is  liberated  by  the  act  of  roasting.  Tea  has  6  per 
cent  of  thein ;  whilst  green  tea  contains  1  per  cent,  ethereal  oil,  and  black  tea 
per  cent.;  in 'green  tea  there  is  18  per  cent.,  in  black  15  per  cent,  tannin;  green, 
tea  yields  about  46  per  cent.,  and  the  black  scarcely  30  per  cent,  of  extract.  The 
inorganic  salts  present  are  also  of  importance;  tea  contains  3-03  per  cent,  of 
salts,  and  amongst  the.'ie  are  soluble  compounds  of  iron,  manganese,  and  soda- 
salts.  In  coffee,  which  yields  3-41  per  cent.-  of  ash,  potash  salts  are  most 
abundant;  in  all  three  substances  the  other  salts  which  occur  in  the  blood  are  also 
present. 

Alcoholic  drinks  owe  their  action  chiefly  to  the  alcohol  which  they  contain. 
Alcohol,  when  taken  into  the  body,  undergoes  certain  changes  and  produces  certain 
effects  :— (1)  About  95  per  cent,  of  it  is  oxidised  chiefly  into  COg  and  HoO,  so  that 
it  is  so  far  a  source  of  heat.  As  it  undergoes  this  change  very  readily,  when  taken 
to  a  certain  extent,  it  may  act  as  a  substitute  for  the  consumption  of  the  tissues  of 
the  body,  especially  when  the  amount  of  food  is  insufficient.  [Hammond  found 
that  when  he  lived  on  an  insufficient  amount  of  food,  alcohol,  if  given  in  a  certain 
quantity,  supplied  the  place  of  the  deficiency  of  food,  and  he  even  gained  in  weight. 
If,  however,  sufficient  food  was  taken,  alcohol  was  unnecessary.  As  it  interferes 
with  oxidation,  and  where  there  is  a  sufficient  amount  of  other  food,  in  health,  it  is 
unnecessary  for  dietetic  reasons.]  Small  doses  diminish  the  decomposition  of  the 
proteids  to  the  extent  of  6  to  7  per  cent.  Only  a  very  small  part  of  the  alcohol  is 
excreted  in  the  urine  ;  the  odour  of  the  breath  is  not  due  to  alcohol,  but  to  other 
volatile  substances  mixed  with  it,  e.g.,  fusel  oil,  &c.  (2)  In  small  doses  it  excites, 
vyhile  in  large  doses  it  paralyses  the  nervous  system.  By  its  stimulating  qualities 
it  excites  to  greater  action,  which,  howevet,  is  followed  by  depression.  (3)  It 
diminishes  the  sensation  of  hunger.  (4)  It  excites  the  vascular  system,  accelerates 
the  circulation,  so  that  the  muscles  and  nerves  are  more  active,  owing  to  the  greater 
supply  of  blood.  It  also  gives  rise  to  a  subjective  feeling  of  warmth.  In  large 
doses,  however,  it  paralyses  the  vessels,  so  that  they  dilate,  and  thus  much  heat  is 
given  ofl'  (§  213,  7  ;  §  227).  The  action  of  the  heart  also  becomes  affected,  the 
pulse  becomes  smaller,  feebler,  and  more  rapid.  In  high  altitudes  the  action  of 
alcohol  is  greatly  diminished,  owing  to  the  diminished  atmospheric  pressure,  whereby 
it  is  rapidly  given  off  from  the  blood. 

Alcohol  in  small  doses  is  of  great  use  in  conditions  of  temporary  want,  and 
where  the  food  taken  is  insufficient  in  quantity.  When  alcohol  is  taken  regularly, 
more  especially  in  large  doses,  it  affects  the  nervous  system,  and  undermines  the 
psychical  and  corporeal  faculties,  partly  from  the  action  of  the  impurities  which  it 
may  contain,  such  as  fusel  oil,  which  has  a  poisonous  effect  upon  the  nervous  system, 
partly  by  the  direct  effects,  such  as  catarrh  and  inflammation  of  the  digestive 
organs,  which  it  produces,  and  lastly,  by  its  effect  upon  the  normal  metabolism. 

z 
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PREPAKATION  OF  ALCOHOLIC  DRINKS. 


[The  action  of  alcohol  in  lowering  the  temperature,  even  in  moderate  doses,  is  most  import- 
ant. By  dilating;  the  cutaneous  vessels,  it  thus  permits  of  the  radiating  of  much  heat  from 
the  blood.  When  the  action  of  alcohol  is  pushed  too  fai',  and  especially  when  this  is  combined 
with  the  action  of  j,'roat  cold,  its  use  is  to  bo  condemned.  Brunton  has  pointed  out  tliat,  as 
regards  its  action  on  the  nervous  system,  it  seems  to  induce  progressive  paralysis,  ali'ecting  the 
nervous  tissues  "in  the  inverse  order  of  their  development,  the  highest  centres  being  affected 
iirst  and  the  lowest  last."  The  judfpncnt  is  alfected  hrst,  although  tlie  imagination  and 
"emotions  maybe  more  than  unusually  active."  The  motor  centres  and  speech  are  affected, 
then  the  cerebellum  is  influenced,  and  afterwards  the  cord,  while  by  and  by  the  centres  essential 
to  life  are  paralysed,  provided  the  dose  be  sufficiently  large.] 

Preparation. — Alcoholic  drinks  are  i)rcpared  by  the  fermentation  of  various  carbohydrates, 
such  as  sugar  derived  from  starch.  The  alcoholic  fermentation,  such  as  occurs  in  the  maiiu- 
facture  of  beer,  is  caused  by  the  development  of  the  yeast  plant,  Saccharomycetes  cereviflisB ; 
while  in  the  fermentation  of  the  grape  (wine),  S.  Ellipsoideus  is  the  species  present  (fi".  237). 
The  yeast  takes  the  substances  necessary  for  the  maintenance  of  its  organic  piocesses  directly 
from  the  mixture  of  the  sugar,  viz.,  carbohydrates,  proteids,  and  salts,  especially  calcium  and 
potassium  phosphates  and  magnesium  sulphate.    These  substances  undergo  decomposition 

within  the  cells  of  the  yeast 
plant,  which  multiply  dur- 
ing the  process,  and  there 
are  produced  alcohol  and 
CO2  (§  150),  together  with 
glycerine  (3 '2  to  3 '6  per 
cent.)  and  succinic  acid  (O'G 
•p,.^  to  0-7  per  cent.).    Yeast  is 

^   ,     ,  „  ,,    ,    IT        ,    c  ,1  1  either  added  intentionally 

1,  Isolated  yeast  cells;  2,  3,  yeast  cells  budding;  4,  5,  so-called  ^^j.  caches  the  mixture 
endogenous  formation  of  cells ;  6,  sprouting  and  formation  of  buds.  ^^^^  ^j^g  ^jj,^  which  always 
contains  its  spores.  When  yeast  is  completely  excluded,  or  if  it  be  killed  by  boiling  [or  if  its 
action  be  prevented  by  the  presence  of  some  germicide],  the  fermentation  does  not  occur.  The 
alcoholic  fermentation  is  due  to  the  vital  activity  of  a  low  organism. 

Tn  the  preparation  of  brandy,  the  starch  of  the  grain  or  potatoes  is  first  changed  into  sugar 
by  the  action  of  diastase  or  maltin.  Yeast  is  added,  and  fermentation  thereby  produced  ;  the 
mixture  is  distilled  at  78-3°  C.  The  fusel  oil  is  prevented  from  mixing  with  the  alcohol  by  pass- 
ing the  vapour  through  heated  charcoal.    The  distillate  contains  50  to  55  per  cent,  of  alcohoL 

In  the  preparation  of  wine,  the  saccharine  juice  of  the  grape— the  must— after  being  expressed 
from  the  grapes,  is  exposed  to  the  air  at  10°  to  15°  C,  and  the  yeast  cells,  which  are  floating 
about,  drop  into  it  and  excite  fermentation,  which  lasts  10  to  14  days,  when  the  yeast  sinks  to 
the  bottom.  The  clear  wine  is  drawn  off  into  casks,  where  it  becomes  turbid  by  undergoing  an 
after-fermentation,  until  the  sugar  is  converted  into  alcohol  and  C0„,  which  is  accompanied  by 
the  deposition  of  some  yeast  and  tartar.  If  all  the  sugar  is  not  decomposed— which  occurs 
when  there  is  not  sufRcient  nitrogenous  matter  present  to  nourish  the  yeast— a  siveet  wine  is 
obtained.  Wine  contains  89  to  90  per  cent,  water,  7  to  8  per  cent,  alcohol,  together  with 
sethylic,  propylic,  and  butylic  alcohol.  The  red  colour  of  some  wines  is  due  to  the  colouring 
matter  of  the  skin  of  the  grapes,  but  if  the  skins  be  removed  before  fermentation,  red  grapes 
yield  white  wine.  When  wine  is  stored,  it  develops  a  fine  flavour  or  bouquet.  The  characteristic 
vinous  odom'  is  due  to  oenanthic  ether.    The  sails  of  wine  closely  resemble  the  salts  of  the 

blood.  .  1  XI 

In  the  preparation  of  beer  the  grain  is  moistened,  and  allowed  to  germinate,  when  the 
temperature  rises,  and  the  starch  (68  per  cent,  in  barley)  is  changed  into  sugar.  Thus  "maltj' 
is  formed,  which  is  dried,  and  afterwards  pulverised,  and  extracted  with  water  at  70  to  /  5  , 
the  watery  extract  being  the  "wort."  Hops  are  added  to  wort,  and  the  whole  is  evaporated, 
when  the  proteids  are  coagulated.  Hops  give  beer  its  bitter  taste,  and  make  it  keep,  w-hile  their 


5  per  cent,  (porter  and  ale,  to  8  per  cent. ) ;  CO.,,  0-1  to  0-8  per  cent. ;  sugar,  2  to  8  per  cent. ; 
gum  dextrin,  2  to  10  per  cent. ;  the  hops  yield  traces  of  protein,  fat,  lactic  acid,  ammonia 
compounds,  the  salts  of  the  grain  and  of  the  hops.  In  the  ash  there  is  a  great  preponderance 
of  phosphoric  acid  and  potash,  both  of  which  are  of  great  importance  for  the  formation  of  blood. 
In  100  parts  of  ash  there  are  40-8  potash,  20-0  phosphorus,  magnesium  phosphate  20,  Ciilcuim 
phosphate  2-6,  silica  16-6  per  cent.  The  formation  of  blood,  muscle,  and  other  tissues  from 
the  consumption  of  beer  is  due  to  the  phosphoric  acid  and  potash,  while  if  too  much  be  taken, 
the  potash  produces  fatigue. 

Condiments  are  taken  with  food,  partly  on  account  of  their  taste,  and  partly 
because  they  excite  secretion.    Common  salt,  in  a  certain  sense,  is  a  condiment. 
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We  may  also  include  many  substances  of  unknown  constitution  which  act  upon  the 
gustatory  organs,  e.g.,  dextrin,  and  substances  in  the  crust  of  bread  and  in  meat 
which  has  been  roasted. 

236  EQTJILIBRIITM  OF  THE  METABOLISM.— By  this  term  is  meant 
that  under  normal  physiological  conditions,  just  as  much  material  is  absorbed  and 
assimilated  from  the  food  as  is  removed  from  the  body  by  the  excretory  organs  in 
the  form  of  effete  or  end-products,  the  result  of  the  retrogressive  tissue-changes. 
The  income  must  always  balance  the  expenditure ;  wherever  a  tissue  is  used  up,  it 
must  be  replaced  by  the  formation  of  new  tissue.  During  the  period  of  growth, 
the  increase  of  the  body  corresponds  to  a  certain  increase  of  formation,  whereby  the 
metabolism  of  the  growing  parts  of  the  body  is  2-5  to  6 '3  times  greater  than  that 
of  the  parts  already  formed.  Conversely,  during  senile  decay,  there  is  an  excess 
of  expenditure  from  the  body. 

Methods  —The  normal  equilibrium  of  the  metabolism  of  the  body  is  investigated— (1)  ]?y 
deterrainin'o'  chemically  that  the  sum  of  all  the  substances  passing  into  the  body  is  equal  to  the 
sum  of  all  tiae  substances  ^iven  otf  from  it.  Thus  the  C,  H,  0,  salts  and  water  of  the  food, 
and  the  0  inspired,  must  be  equal  to  the  C,  N,  H,  0,  salts  and  water  given  off  m  the  excreta 
(urine  fa;ces  air  expired,  water  excreted).  (2)  The  physiological  equilibrium  is  determined 
empirically  by  observing  that  the  body  retains  its  normal  weight  with  a  given  diet ;  so  that, 
bvsimnlv  wei "Inner  a  person,  a  physician  is  enabled  to  determine  exactly  the  state  of  con- 
valescence of  his  patient.  The  tedious  process  of  making  an  elementary  analysis  of  the 
metabolic  substances  was  first  undertaken  in  the  Munich  School  by  v.  Bischoff,  v.  Voit,  v. 
Fettenkofer,  and  others. 

Circulation  of  C. — In  the  circulation  of  materials  the  total  amount  of  C  taken  in 
the  food,  if  the  metabolism  be  in  a  condition  of  physiological  equilibrium,  must  be 
equalled  by  the  C  in  the  CO^  given  ofi  by  the  lungs  and  skin  (90  per  cent.), 
together  with  the  relatively  small  amount  of  C  in  the  organic  excreta  of  the  urine 
and  fteces  (10  per  cent.). 

Circulation  of  'S— Nearly  all  the  iV  taken  in  with  the  food  is  excreted  within 
twenty-four  hours  in  the  form  of  urea.  A  very  small  amount  of  nitrogenous  matter 
is  excreted  in  the  fseces,  while  the  other  nitrogenous  urinary  constituents  (uric  acid, 
kreatinin,  &c.)  represent  about  2  per  cent,  of  N.  A  trace  of  the  N  is  given  o2  by 
the  breath  (§  124),  and  a  minute  proportion  in  combination,  in  the  epidermal  scales 
(.50  milligrammes  daily  in  the  hair  and  nails),  and  in  the  sweat. 

Deficit  of  M". — That  nearly  all  the  N  taken  in  the  food  reappears  in  the  urine  and 
faeces,  as  was  stated  by  v.  Voit  to  be  the  case  in  the  carnivora  and  in  the  herbivora, 
and  by  v.  Ranke  in  man,  is  contradicted  partly  by  old  and  partly  by  new  observa- 
tions, which  go  to  show  that  the  whole  of  the  N  cannot  be  recovered  from  these 
excretions,  but  that  on  the  contrary  there  is  a  considerable  deficit. 

According  to  Leo,  only  0'55  per  cent,  of  the  albumin  transformed  within  the  body  (assuming 
15  per  cent.  N  in  albumin)  gives  off  its  N  in  the  form  of  gaseous  N  (according  to  Seegen  and 
Nowak  12  times  more).  In  every  exact  analysis  of  the  metabolism  of  N  this  gaseous  excretion 
of  N  must  be  taken  into  account. 

The  excretion  of  N  after  food  does  not  take  place  regularly  from  hour  to  hour,  but  it  increases 
at  once  and  distinctly,  reaches  its  maximum  in  five  to  six  hours,  and  then  gradually  falls.  The 
same  is  true  of  the  excretion  of  S  and  P ;  but  in  these  cases  the  maximum  of  excretion  is  reached 
at  the  fourth  hour.  When  fat  is  added  to  a  diet  of  flesh,  the  excretion  of  N  and  S  is  uniformly 
distributed  over  the  individual  hours  of  the  day  {v.  Voit  mul  Fcdor). 

The  nitrogenous  constituents  in  the  body  during  metabolism  become  poorer  in  C,  and  richer 
in  N  and  O.  Thus  in  albumin  to  1  atom  of  N  there  are  4  atoms  C ;  in  gelatin,  3^  C ;  in 
glycocoll,  2  C;  in  kreatin,  lA  C  ;  in  uric  acid,  1;^  C  ;  in  allantoin,  1  C  ;  in  urea,  only  ^  atom 
of  C. 

The  H  leaves  the  body  chiefly  in  the  form  of  water — a  part,  however,  is  in 
combination  in  other  excreta ;  the  0  is  chiefly  excreted  as  CO.,  and  water  ;  a  little 
is  given  off  in  combination  in  other  excreta ;  water  is  given  off  by  evaporation 
from  the  lungs  and  skin,  and  also  in  the  urine  and  fieces.  As  H  is  oxidised  to 
HoO,  more  water  is  excreted  than  is  taken  in.    Most  of  the  readily  soluble  salts 
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are  given  off  by  the  urine  ;  the  less  soluble  salts,  especially  those  of  potash,  and 
the  insoluble  salts,  in  the  fieces  ;  while  others  are  given  off  in  the  sweat.  Of  the 
sulphur  of  albumin,  about  one-half  is  excreted  in  the  sulphur  compounds  in  the 
urine,  and  the  other  half  in  the  faaces  (taurin)  and  in  the  epidermal  tissues. 

Every  organism  has  a  minimum  and  a  maximum  limit  of  metabolism,  according 
to  the  amount  of  work  done  by  the  body,  and  its  weight.  If  less  food  be  given 
than  is  necessary  to  maintain  the  former,  the  body  loses  weight ;  while,  if  more  be 
given  after  the  maximum  limit  is  reached,  the  food  so  given  is  not  absorbed,  but 
remains  as  a  floating  balance,  and  is  given  off  with  the  fjEces.  When  food  is 
liberally  supplied  and  the  weight  increases,  of  course  the  minimum  limit  rises ; 
hence,  during  the  process  of  "feeding"  or  "fattening,"  the  amount  of  food  necessary 
is  very  much  greater  than  in  poorly  fed  animals,  for  the  same  increase  of  the  body- 
weight.  By  continuing  the  process,  a  condition  is  at  last  reached,  in  which  the 
digestive  organs  are  just  sufficient  to  maintain  the  existing  condition,  but  cannot 
act  so  as  to  admit  of  new  additions  being  made  to  the  body-weight  {v.  Bischof,  v. 
Voit,  V.  Pettenhofer). 

By  the  term  "  luxus  consumption "  is  meant  the  direct  combustion  or  oxidation 
of  the  superfluous  food-stufls  absorbed  into  the  blood.  This,  however,  does  not 
exist;  on  the  contrary,  the  material  in  the  juices  is  always  being  used  for  building 
up  the  tissues.  The  albumin  found  in  the  fluids,  which  everywhere  permeate  the 
tissues,  has  been  called  "  circulating  albumin,"  and  according  to  y.  Voit  it 
undergoes  decomposition  sooner  than  the  organised  or  "organic  albumin"  which 
forms  an  integral  part  of  the  tissue.  According  to  v.  Voit,  in  24  hours  1  per  cent, 
of  the  organic  and  70  per  cent,  of  the  circulating  albumin  is  used  up. 

[Liebiff  tano-lit  that  the  nitrogenous  metabolism  of  the  body  depended  on  a  corresponding 
decompo3ition°of  the  proteids  of  the  organs,  so  that  the  proteids  in  the  food  supplied  the  place 
of  the  proteids  of  the  organs  thus  used  up.  He  called  the  proteids  "  plastic  foods  or  tiflsne 
formers  "  while  he  regarded  the  fats  and  carbohydrates  as  "  respiratory  foods,  as  he  supposed 
that  they  alone  were  concerned  in  the  evolution  of  heat.  As  a  matter  of  fact  experiment 
proved  that  the  N  metabolism  is  to  a  large  extent  independent  of  the  proteids  of  the  food.  1  he 
luxus-consumption  theory  was  invented  to  explain  this.  It  simply  means,  that  proteids  taken 
with  the  food  not  only  replace  the  amount  of  proteids  which  have  been  decomposed  during  the 
activity  of  organs  and  tissues,  but  that  any  excess  is  immediately  consumed  without  being  con- 
verted into  tissue,  and  thus  this  surplus  amount  giving  rise  to  heat,  by  being  oxidised,  to  a  certain 
extent  replaces  the  fats  and  carbohydrates.  But  Voit  showed  that  mtrogenous  metabohsm  is 
not  influenced  by  the  activity  of  the  organism,  and  he  proved  that  in  ordinary  conditions,  only 
a  small  amount  of  the  organic  albumin,  i.e.,  that  composing  tissues  and  organs,  undergoes 
decomposition,  while,  owing  to  the  action  of  the  cellular  elements  of  the  tissue,  a  large  amount 
of  the  circulating  albumin  is  split  up,  so  that  under  ordinary  conditions,  the  organic  albumin  is 
comparatively  stable.  This  he  demonstrated  from  a  comparison  of  the  urea  excreted,  for  the 
urea  may  be  taken  as  an  index  of  the  N  metabolism  in  well-fed,  fasting,  and  starving  animals. 
But  in  certain  pathological  conditions  the  organic  albumin  may  undergo  rapid  change,  having 
become  less  stable,  as  in  fevers,  and  poisoning  with  phosphorus.] 

Quality  and  Quantity  of  the  Diet.— As  far  as  his  organisation  is  concerned,  nian 
belongs  to  the  omnivorous  animals,  i.e.,  those  that  can  live  upon  a  mixed  diet._  J^or 
an  adequate  diet  man  requires  for  his  existence  and  to  maintain  health  a  mixture 
of  the  following  four  chief  groups  of  food-stuffs  along  with  the  necessary  reUshes  ; 
none  of  them  must  be  absent  from  the  food  for  any  length  of  time.  They  are  :— 
1.  Water— for  an  adult  in  his  food  and  drink,  2700  to  2800  grms.  [70  to  90 
oz.]  daily  (§  229  and  §  247,  1). 

FThirst  —The  needs  of  the  economy  for  water  are  expressed  by  the  sensation  of  thirst.  The 
sensation  of  heat  and  dryness  may  be  confined  to  the  tongue,  mouth  and  fauces,  indeed 
mav  be  excited  by  inhaling  dry  air.  This  local  thirst  n.ay  be  allayed  by  swallowing  water  or 
Katlnr  ubstaLes  which  eLite  the  secretion  of  saliva.  M"^- ^^^^eut  J^  hovvx^  he 
...ncation  is  the  expression  of  a  general  condition  indicatmg  the  diminution  of  ^  ater  in  the 
ssues  or Tt  may  b  due  to  excess  of  saline  matters  in  the  blood.  In  some  diseases  tins  sensation 
?  V  y'intense,  L/.,  diabetes.  If  water  be  injected  u.to  the  blood-vessels,  or  stomach,  both  the 
general  and  local  thirst  are  abolished,  even  although  no  water  enters  the  mouth.] 
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2  Inorganic  substances  or  Salts  are  an  integral  part  of  all  tissues  and  witliout 
them  the  tissues  cannot  be  formed.  They  occur  in  ordinary  food.  The  addition 
of  too  much  salt  increases  the  consumption  of  water,  and  this  in  turn  increases  the 
Sansformation  of  N  in  the  body.  If  an  animal  be  deprived  of  sal  s,  nutrition  is 
Serfered  with  ;  food  deprived  of  its  lime  afiects  the  formation  of  he  bones  ;  de- 
pr  val  of  common  salt  causes  albuminuria  (247,  A,  III).  The  alkahne  salts  serve 
to  neutralise  the  sulphuric  acid  formed  by  the  oxidation  of  the  sulphur  of_  the  pro- 
teids.  Iron,  which  is  so  essential  for  the  formation  of  blood,  exists  m  animals  and 
plants  in  combination  with  complex  organic  bodies. 

Onlv  in  times  of  famine  is  man  driven  to  eat  large  quantities  of  inorganic  substances,  to 
extrSXe  o  ganic  matter  mixed  therewith.  A  v.  Humboldt  states,  in  regard  to  the  inhabit- 
ants of  the  Odnocco,  that  they  eat  a  kind  of  earth  which  contains  innumerable  infusoria. 

3  At  least  one  animal  or  vegetable  albuminons  body  or  proteid  (§§  248,  250). 

The  proteids  are  required  to  replace  the  used-up  nitrogenous  tissues,  e.g.,  tor 

muscles.    They  contain  15-4  to  16-5  per  cent.  N. 

ThP  nroteids  are  in  blood-20-56  percent.;  muscles,  19-9  per  cent.;  liver,  11-74  percent; 
hr^ri  eISc  y  lod^^^^  7-5  percent.;  milk,  3-94  percent.;  lymph  2-46  percent. 
iccokinArPflSr  and  Bohland, 'a  youth  of  full  stature,  and  62  kilos.  [136  lbs.]  weight,  de- 

"1:!^^^^^^^^^^,  can  replace  albumin  in  the  food  ( -hile 
asparagin  alone  limits  the  decomposition  of  albumin  in  herbivora  but  not  in  carnivora  ((•  "^^)- 
Ammonkcal  salts,  glyeocoll,  sarkosin,  and  benzamid  increase  with  the  amount  of  albumin  m 
the  body. 

4  At  least  one  fat  (§  251),  or  a  digestible  carbohydrate  (§  252).  These  chiefly 
serve  to  replace  the  transformed  fats  and  non-nitrogenous  constituents.  Owing  to 
the  larcre  amount  of  C  which  they  contain,  when  they  undergo  oxidation,  they  form 
the  chief  source  of  the  heat  of  the  body  (§  206).  Fats  and  carbohydrates  may 
replace  each  other  in  the  food,  and  in  inverse  proportion  too,  corresponding  to 
the  amount  of  C  which  each  contains.  As  far  as  the  mere  evolution  of  heat  is 
concerned,  100  parts  of  fat  =  256  of  grape-sugar  =  234  of  cane-sugar  =  221  of  dry 
starch  (Eicbner).    A  man  consumes  210  grms.  fat  daily. 

\5  Every  proper  diet  ought  to  have- ascertain  degree  of  sapidity  or  flavour.  The  substances 
which  give  this  are  not  useful  in  the  evolution  of  energy  or  building  up  the  tissues  but  they 
stimulate  the  nervous  system  and  excite  secretion.  They  are  called  "  Genussmittel  (means 
of  enjoyin"  food)  by  the  Germans,  but  we  have  no  exact  equivalent  for  this  word  in  Ji^nglisU, 
though  the  articles  themselves  are  included  under  our  expression  "  condiments.  These  sub- 
stanches  are  the  aromatic  matter  in  roast  meat  (osmasome),  tea,  vinegar,  salt,  mustard,  pepper, 
&c.] 

[Condition  of  Diet  for  Health.— In  an  adequate  diet,  not  only  (1)  should  the 
total  quantity  be  sufficient  and  not  more  than  sufficient,  but  (2)  the  constituents 
should  exist  in  proper  proportions,  (3)  be  digestible,  and  (4)  the  whole  should  be  in 
good  condition,  wholesome,  and  not  adulterated  with  any  substance  prejudicial  to 
health.] 

With  regard  to  the  relative  proportions  of  the  various  kinds  of  food  which 
ought  to  be  taken,  experience  has  shown  that  the  diet  best  suited  for  the  body 
must  contain  1  ^^arJ  of  nitrogenous  foods  to  3^  or,  at  most,  4 J  of  the  non-nitro- 
genous. Looking  at  ordinary  foods  from  this  point  of  view,  we  see  how  far  they 
correspond  to  this  requirement,  and  how  several  substances  may  be  combined  to 
produce  a  satisfactory  diet. 


1. 

2. 
3. 
4. 
5. 
6. 
7. 


Veal, 

Hare's  flesh 
Beef, 
Lentils, 
Beans, 
Peas, 
Mutton, 


Nit.  Non-Nit, 
10 
10 
10 
10 
10 
10 
10 


Nit.  Non-Nit.l 


1 

8.  Pork,  . 

10 

30 

2 

9.  Cow's  milk, 

10 

30 

17 

10.  Human  milk, 

10 

37 

21 

11.  Wheaten 

22 

flour, 

10 

46 

23 

12.  Oat-meal,  . 

10 

50 

27 

13.  Rye-meal,  . 

10 

57 

14. 
15. 

16. 
17. 
18. 


Barley-meal, 

White 
potatoes. 

Blue    , , 

Rice,  . 

Buckwheat- 
meal, 


Nit. 
10 

10 
10 
10 


Non-Nit. 
57 


115 
123 


10  130 
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An  examination  of  tliis  table  shows  that,  in  addition  to  human  milk,  wheat-flour  has  the  right 
proportion  of  nitro>,'onoiis  to  iion-nitrofjcnoiis  substances.  A  man  who  tries  to  nourish  hiraselt  ou 
beef  alone,  commits  as  grout  a  mistake  as  the  one  who  would  feed  himself  on  potatoes  alone. 
H\perieni:e  has  taught  people  that  man  may  live  upon  milk  and  eggs,  but  that  in  addition  to 
llosli  wo  must  eat  bread  or  potatoes,  while  pulses  require  fat  or  bacon. 

The  diet  varies  with  the  climate  and  with  the  Beason  of  the  year.  As  the  organism  mu.st 
produce  more  heat  in  cold  latitudes,  the  inhaljitants  of  northern  climates  must  eat  more  nou- 
nitrogenous  foods,  such  as  fats  and  sugars  or  starches,  which,  on  account  of  the  large  amount 
of  C  they  contain,  are  admirably  adapted  I'or  producing  heat  (§  214,  I.,  4). 


Beef. 


Pork.  I 


Fowl. 


Fish. 

76 

ml 

(iiiil 

Esff. 

73,5 

iiiiiie 

llllll 

Cow's 
milk. 


8K 


o-c 


Human  I 
milk.  \___ 


89 


■I"" 


Vegetable  Foods. 


Wlieaten- 
bread. 


Peas. 


Potatoes. 


White 
Turnip. 

Cauli- 
flower. 


Beer. 


Water.  Proteids.  Digestible.  Non-digestible.  Salts. 

N-free  organic  Ijodies. 


M33 


mm 


lillifl 


I 


Rice. 

13 

75 


90,5 


90 


1-4 


1" 


iiiif 


,8'' 21  1 


90 


iiiiiM° 


Fig.  238. 


The  graphic  representation  of  the  composition  of  foods  (fig.  238)  shows  the  re- 
lative proportions  of  the  most  important  food-stuffs,  and  how  they  vary  from  the 
standard  of  1  nitrogenous  to  3^  or  4^  non-nitrogenous. 

The  absolute  amount  of  food-stuflEs  required  by  an  adult  in  twenty-four  hours 
depends  upon  a  variety  of  conditions.    As  the  food  represents  the  chemical  reser- 
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von-  of  notential  ener"-y.  from  which  the  kinetic  energy  (in  its  various  forms)  and 
Z  h  a   of  the  body  a  e  obtained,  the  absolute  amount  of  food  must  be  mcreased 
In  TliVbodv  loses  more  heat,  as  in  winter,  and  when  more  muscular  activity 
7  nccom  Secl     As  a  general  rule       aduJl  rccjnires  daily  130  grammes 

&ids:84  gi^^^^^^^^^^  carbohydrates,  and  30  grammes  salts. 

A  Healthy  Adult  requires  in  24  Houiis  of  water-free  solids  -  .  


Food  in  Grftmmes. 


Proteids,  

Fats 

Carbohydrates  (Sugar,  Starch,  &c.), 
Salts,  


At  Rest 
(Play/air). 


70-87 
28-35 
310-20 
14-00 


Modenito 
Woi-k 
{Aloleschotl). 


130 
84 

404 
30 


Laborious  Work. 


ir,i,.„e„!,.  \      (t'.  Pettenkofer 


155-92 
70-87 

567-50 
40-00 


137 
117 
352 
40 


[When  we  record  these  numbers  in  ounces  we  get  the  following  results  as  water- 


At  Rest. 

Ordhiavy  Work. 

Laborious  Work. 

Proteids  

Fats  

Carbohydrates,  

Salts  

2-5 
1-0 
12-0 
0-5 

4-6 
3-0 
14-4 
1-0 

6    to  7 
■  3-5'to  4-5 
16    to  18 
1-2  to  1-5 

Total  water-free  food, 

16-0 

23-0 

26-7  to  31-0 

During  ordinary  work  the  proportion  is  about : — 

Proteids  1  :  fats  0-6  :  carbohydrates  3-0, 
1  nitrogenous  to  3 '6  non-nitrogenous.] 


I.e. 


[In  a  diet  for  ordinary  work  (23  oz.  of  dry  solids)  a  man  takes  about  part 
of  his  own  weight  daily ;  ordinary  food,  however,  as  it  is  consumed,  contains  be- 
tween 50  and  60  per  cent,  of  water ;  if  we  add  this  proportion  of  water  to  the 
actually  dry  food,  we  get  48  to  60  oz.  of  ordinary  food  (exclusive  of  liquids).  But 
we  consume  50  to  -80  oz.  of  water  in  some  liquid  form,  making  the  total  amount  of 
water  70  to  90  oz.  {Parlces).'\ 

The  following  tables  show  the  elementary  composition  of  the  income  and  ex- 
penditure : — 

An  Adult  doing  a  Moderate  Amount  of  "Work  takes  in  :— 


C. 

H. 

N. 

0. 

120  grammes  albumin,  containing 

90              fats,  ,, 
330       ,,      starch,           ,,             .  • 

64-18 
70-20 
146-32 

8-60 
10-26 
20-33 

18-38  . 

28-34 
9-54 
162-85  1 

281-20 

39-19 

18-88 

200-73 

Add  744-11  grm.  0  from  the  air  by  respiration. 
„   2818       „  H.3O. 

, ,       32       , ,    Inorganic  compounds  (salts). 

The  whole  is  equal  to  31  kilos.  [7  lbs.],  i.e.,  about  ^  of  the  body-weight ;  so 
that  about  6  per  cent,  of  the  water,  about  6  per  cent,  of  the  fat,  about  1  per  cent, 
albumin,  and  about  0-4  per  cent,  of  the  salts  of  the  body  are  daily  transformed 
within  the  organism. 
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An  Adult  iioing  a  Moderate  Amount  oi'  Wokk  gives  off  in  grammes:- 


j  Wiitur. 

C. 

n. 

N. 

0. 

By  respiration,  .... 
.  Persiiiration,  .... 

Urino,  

Fceees,  

330 
(560 
1700 
128 

248-8 
2-6 
9-8 
20-0 

3-3 
3  0 

? 

ih's 

3-0 

651-15 
7-2 

iri 

12-0 

2818 

281-2 

6-3 

18-8 

681-45 

Add  to  this  (besides  2818  grammes  water  as  drink)  296  grammes  water  formed  in  the  body  by 
the  o.xidation  of  H.  These  296  grammes  of  water  contain  34-89  grms.  II,  and  263-41  grms. 
O  ;  26  grms.  of  salts  are  given  olf  in  the  urine,  and  6  by  the  fieces.  96  '5  grms.  of  proteid 
(  =  1-46  grm.  per  kilo.)  are  used  up  by  a  resting  adult  in  24  hours  ;  but  while  working  107-6 
grms.  are  used.    Nominally  2-3  times  as  much  fat  as  albumin  are  used  up. 

The  investigations  of  the  Munich  School  have  shown  that  the  following  numbers  represent 
the  minimum  amount  of  food  necessary  for  different  ages  : — 


Age. 

Nih'ogenous. 

Fat. 

Carbohydrates. 

Child  until  1^  year,  .... 

,,    from  6  to  15  years,  .... 

Man  (moderate  work),  .... 

Woman        ,,  .... 

Old  man,  ....... 

Old  woman,  ...... 

20-36  grms. 
70-80  „ 
118  „ 
92  ,, 
.      100  „ 
80  „ 

30-45  grms. 

37-50  „ 
56  „ 
44  „ 
68  „ 
50  „ 

60-90  grms. 
250-400  „ 
500  „ 
400  ,. 
350  „ 
260  „ 

Small  animals  have  a  more  lively  metabolism  than  large  ones.  In  small  animals  the  decom- 
position of  albumin  per  unit  weight  of  body  is  greater  than  in  large  animals  {v.  Voit).  Small 
animals  as  a  rule  consume  more  proteid  than  larger  ones,  because  they  generally  have  less  bodily 
fat  (Buhner). 

Relation  of  N  to  C— Ih  most  of  tlie  ordinary  articles  of  diet,  nitrogenous  and 
non-nitrogenous  substances  are  present,  but  in  very  varying  proportion,  in  the 
different  foods.  Man.  requires  that  these  shall  [be  in  the  proportion  of  1  :  ^ 
to  1  :  4|.  If  food  be  taken  in  which  this  proportion  is  not  observed,  in  order 
to  obtain  the  necessary  amount  of  that  substance  which  is  contained  in  too  small 
proportion  in  his  food,  he  must  consume  far  too  much  food.  In  order  to  obtain  the 
130  grammes  of  proteids  necessary  a  person  must  use 


Cheese, 
Lentils, 
Peas, 


388  grms. 
491  „ 
582  ,, 


Beef,        .       .    614  grms.      Rice,    .       .       2562  grms. 
Eggs,       .       .    968  \,         Eye-bread,    .       2875  ,, 
Wheat-bread,    .  1444    ,,         Potatoes,      .    10,000  „ 

provided  he  were  to  take  only  one  of  these  substances  as  food  ;  so  that  if  a  work- 
man were  to  live  on  potatoes  alone,  in  order  to  get  the  necessary  amount  of  N  he 
would  have  to  consume  an  altogether  excessive  amount  of  this  kind  of  food. 
•   To  obtain  the  448  grammes"of  carbohydrates,  or  the  equivalent  amount  of  fat 
necessary  to  support  him,  a  man  must  eat 


Rice,  . 

Wheat-bread, 

Lentils, 


819  grms. 
902  „ 
930  ,, 


Cheese, 
Potatoes, 
Beef, 


2011  grms. 
2039  ,, 
2-261  „ 


,  572  grms.  Peas, 
.  625  „  Eggs, 
.    806    ,,  Rye-bread, 

so  that  if  he  were  to  live  upon  cheese  or  flesh  alone,  he  would  require  to  eat  an 
enormous  amount  of  these  substances. 

In  the  case  of  herbivora,  the  proportion  of  nitrogenous  to  non-nitrogenous  food  necessary  is 
1  of  the  former  to  8  or  9  parts  of  the  latter. 

237.  HUNGER  AND  STARVATION.— If  a  warm-blooded  animal  be  deprived 
of  all  food,  it  must,  in  order  to  maintain  the  temperature  of  its  body  and  to 
produce  the  necessary  amount  of  mechanical  work,  transform  and  utilise  the 
potential  energy  of  the  constituents  of  its  own  body.  The  result  is  that  its  body- 
weight  diminishes  from  day  to  day,  until  death  occurs  from  starvation. 
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The  following  table,  from  Bidder  and  Scliniidt,  shows  the  amounts  of  the  different  excreta  in 
the  case  of  a  starved  cat : — 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18.+ 


Body- 
weight. 


2464 
2297 
2210 
2172 
2129 
2024 
1946 
1873 
1782 
1717 
1695 
1634 
1570 
1518 
1434 
1389 
1335 
1267 


Water 
tiiken. 


Urine. 


11-5 
68-2 

15-2 

'4' 

22-5 
7-1 
.3 


98 
54 
45 
45 
55 
44 
40 
42 
42 
35 
32 
30 
40 
41 
41 
48 
28 
13 


•1197 


131-5 


773 


UrOH. 


Inorganic 
Substances 
In  Urine. 


7-9 
5-3 
4-2 

3-  8 

4-  7 
4-3 
3-8 
3-9 
4 

3-3 
2-9 

2-  7 

3-  4 
3-4 
2-9 
3 

1-6 
0-7 


65-8 


1-3 

0-8 
0-7 
0-7 
0-7 
0-6 
0-5 
0-6 
0-5 


Dry 
Ftcces. 


0-4 
0-2 
0-1 


9-8 


1-2 
1-2 
1-1 
1-1 
1-7 
0-6 

0-  7 

1-  1 


0-2 
0-3 

0-3 


15-7 


E.\pired  C. 


Water  in 

Urine 
and  Kaices. 


13-9 
12-9 
13 
12-3 
11-9 
11-6 
11 
10-6 
10-6 
10-5 
10-2 
10-3 
10-1 
9-7 
9-4 
8-8 
7-8 
6-1 


91-4 

50-5 

42-9 

43 

54-1 

41-1 

37-  5 
40 
41-4 
34 
30-9 
29-6 
36-6 
38 

38-  4 
45-5 
26-6 
12-9 


190-7 


734-4 


The  cat  lost  1197  grms.  in  weight  before  it  died,  and  this  amount  is  apportioned 
in  the  following  way  :— 204-43  grms.  (  =  17-01  per  cent.)  loss  of  albumin;  132-75 
grms.  (  =  11-05  per  cent.)  loss  of  fat;  863-82  grms.  loss  of  water  (  =  71-91  per 
cent,  of  the  total  body- weight). 

Methods  —In  order  to  investigate  the  condition  of  inanition  it  is  necessary— (1)  to  weigh  the 
animal  daily;  (2)  to  estimate  daily  all  the  C  and  N  given  off  from  the  body  in  the  fsEces,  urine, 
and  expired  air.  The  N  and  C,  of  course,  can  only  be  obtained  from  the  decomposition  ot 
tissues  containing  them.  •  i    i  j 

Amongst  the  general  phenomena  of  inanition,  it  is  found  that  strong  weli-nourishecl  dogs 
die  after°4  weeks,  man  after  21  to  24  days— (6  melancholies  who  took  water  died  after  41  days) ; 
small  mammals  and  birds  9  days,  and  frogs  9  months.  Vigorous  adults  die  when  they  lose  ^ 
of  their  body-weight,  but  young  individuals  die  much  sooner  than  adults.  The  symptoms 
are  obvious  :— The  mouth  is  dry,  the  walls  of  the  alimentary  canal  become  thin,  and  the  diges- 
tive secretions  cease  to  be  formed  ;  pulse-beats  and  respirations  are  fewer  ;  urine  very  acid  from 
the  presence  of  an  increased  amount  of  sulphuric  and  phosphoric  acids,  whilst  the  chlorine 
compounds  rapidly  diminish  and  almost  disappear.  The  blood  contains  less  water  and  the 
plasma  less  albumin,  the  gall-bladder  is  distended,-  which  indicates  a  continuous  decomposition 
of  blood-corpuscles  within  the  liver.  The  liver  is  small  and  very  dark  coloured,  the  muscles 
are  very  brittle  and  dry,  so  that  there  is  great  muscular  weakness,  and  death  occurs  with  the 
signs  of  great  depression  and  coma. 

The  relations  of  the  metabolism  are  given  in  the  foregoing  table,  the  diminu- 
tion in  the  excretion  of  urea  is  much  greater  than  that  of  CO,,  which  is  due 
to  a  larger  amount  of  fats  than  proteids  being  decomposed.  According  to 
the  calculation,  there  is  daily  a  tolerably  constant  amount  of  fat  used  up, 
while,  as  starvation  continues,  the  proteids  are  decomposed  in  much  smaller 
amounts  from  day  to  day,  although  the  drinking  of  water  accelerates  their  de- 
composition. 

Loss  of  Weight  of  Organs. — It  is  of  importance  to  determine  to  what  ex- 
tent the  individual  organs  and  tissues  lose  weight ;  some  undergo  simple  loss 
of  weight,  e.f/.,  the  bones,  the  fat  undergoes  very  considerable  and  rapid  decom- 
position, while  other  organs,  as  the  heart,  undergo  little  change,  because  they 
seem  to  be  able  to  nourish  themselves  from  the  transformation  products  of  other 
tissues. 
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A  starving  cat,  according  to  v.  Voit,  lost— 


1.  Fat,  . 

2.  Spleen, 

3.  Liver, 

4.  Testicles, 

5.  Muscles, 

6.  Blood, 

7.  Kidneys, 

8.  Skin,  . 

9.  Intestine, 


I'or  cent. 

Per  cent,  of 

Per  cent. 

Per  cent,  of 

oiiKlnally 

the  totiil  los.s  of 

originally 

t)ie  total  loHK  of 

lii'eseiit. 

body-welglit. 

present. 

boiiy-wclglit. 

97 

2G  -2 

10.  Lungs,  . 

17-7 

0-3 

00  / 

u  0 

11.  Pancreas, 

17  0 

0"1 

53-7 

4-8 

12.  Bones,  . 

13.  Central  Nerv- 

13-9 

5-4 

40-0 

0-1 

30-5 

42-2 

ous  System, 

3-2 

0-1 

27-0  ■ 

37 

14.  Heart,  . 

15.  Total  lo.ss  of 

2-6 

0-02 

25-9 

0-6 

20-6 

8-8 

the  rest  of 

18-0 

2-0 

the  body,  . 

36-8 

5-0 

There  is  a  very  important  diflference  according  as  the  animals  before  inanition 
have  been  fed  freely  on  flesh  and  fat  [i.e.,  if  they  have  a  surplus  store  of  food 
within  themselves],  or  as  they  have  merely  had  a  subsistence  diet.  Well-fed 
animals  lose  weight  much  more  rapidly  during  the  first  few  days  than  on  the  later 
days.  V.  Voit  thinks  that  the  albumin  derived  from  the  excess  of  food  occurs  in 
a  state  of  loose  combination  in  the  body  as  " circulating "  or  " storage-albumin"  so 
that  during  hunger  it  must  decompose  more  rapidly  and  to  a  greater  extent  than 


the  "organic  albumin,"  which  forms 


an  integral 


part  of  the  tissues  (§  236^ 


Further,  in  fat  individuals,  the  decomposition  of  fat  is  much  greater  than  in  slender 
persons. 

238.  METABOLISM  ON  A  PURELY  FLESH  DIET.— A  man  is  not  able  to 

maintain  his  metabolism  in  equilibrium  on  a  purely  flesh  diet ;  if  he  were  compelled 
to  live  on  such  a  diet,  he  would  succumb.  The  reason  is  obvious.  In  beef  the 
proportion  of  nitrogenous  to  non-nitrogenous  elementary  constituents  of  food  is 
1  :  1"7  (p.  357).  A  healthy  person  excretes  280  grammes  [8  to  9  oz.]  of  carbon  in  the 
form  of  COq,  in  the  expired  air,  and  in  the  urine  and  fajces.  If  a  man  is  to  obtain 
280  grammes  C  from  a  flesh  diet  he  must  consume — digest  and  assimilate — more 
than  2  kilos.  [4-4  lbs.]  of  beef  in  twenty-four  hours.  But  our  digestive  organs  are 
unequal  to  this  task  for  any  length  of  time.  The  person  is  soon  obliged  to  take 
less  beef,  which  would  necessitate  the  using  of  his  own  tissues,  at  .first  the  fatty 
parts  and  afterwards  the  proteid  substances. 

A  carnivorous  animal  (dog),  whose  digestive  apparatus,  being  specially  adapted  for  the 
digestion  of  flesh,  has  a  short  intestine  and  powerfully  active  digestive  fluids,  can  only  main- 
tain its  metabolism  in  a  state  of  equilibrium  when  fed  on  a  flesh  diet  free  from  fat,  provided  its 
body  is  already  well  supplied  with  fat,  and  is  muscular.  It  consumes  fV  to  part  of  the 
weight  of  its  body  in  flesh,  so  that  the  excretion  of  urea  increases  enormously.  If  it  eats  a 
larger  amount,  it  may  "  put  on  flesh,"  when,  of  course,  it  requires  to  eat  more  to  maintain  itself 
in  this  condition,  until  the  limit  of  its  digestive  activity  is  reached.  If  a  well-nourished  dog  is 
fed  on  less  than  ^  to  of  its  body-weight  of  flesh,  it  uses  part  of  its  own  fat  and  muscle, 
gradually  diminishes  in  weight,  and  ultimately  succumbs.  Poorly  fed,  non-muscular  dogs  are 
nnable  from  the  very  beginning  to  maintain  their  metabolism  in  equilibrium  for  any  length  of 
time  on  a  purely  flesh  diet,  as  they  must  .eat  so  large  a  quantity  of  flesh  that  their  digestive 
organs  cannot  digest  it.  The  herbivora  cannot  live  upon  flesh  food,  as  their  digestive  appa- 
ratus is  adapted  solely  for  the  digestion  of  vegetable  food. 

[The  proteid  metabolism  depends  (1)  on  the  amount  of  proteids  ingested,  for 
the  great  mass  of  these  becomes  changed  into  circulating  albumin  ;  (2)^  upon  the 
previous  condition  of  nutrition  of  the  organism,  for  we  know  that  a  certain  amount 
of  proteid  may  produce  very  different  results  in  the  same  individual  when  he  is  in 
good  health,  and  when  he  has  suffered  from  some  exhausting  disease.  (3)  The  use 
of  other  foods,  e.g.,  fats  and  carbohydrates.  If  a  certain  amount  of  fat  be  added  to 
a  diet  of  flesh,  much  less  flesh  is  required,  so  that  the  N  metabolism  is  reduced  by 
fat.    This  is  spoken  of  as  the  "albumin-sparing  action"  of  fats.] 

Exactly  the  same  result  occurs  with  other  forms  of  proteids,  as  with  flesh.  It 
has  been  proved  that  gelatin  may  to  a  certain  extent  replace  proteids  in  the  food, 
in  the  proportion  of  2  of  gelatin  to  1  of  albumin.    The  carnivora,  which  can 
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maintain  their  metabolism  in  equilibrium  by  eating  a  large  amount  of  flesh,  can 
le  s  flesh  when  gelatin  is  added  to  their  food.    A  diet  of_  ge  atm  alone, 
ttr^io^^^^^^^^^^  not  sufficient  for  this  purpose,  and  annuals  soon  lose 

their  appetite  for  this  kind  of  food. 

that  gelatin  is  not  available  duectly  loi  discussed     The  addition  of  gelatin 

solubility  of  f  l"«n  Its  v^^^^^^^  ^^  ^if^         ,,,ount  of  gelatin  is 

in  the  form  f  ^c^.  ^     °°Vf£.„'e  and  rapid  excretion  of  urea,  the  latter  excites  diuresis.]  A\hen 
given  as  '"o^^^  °  with  fLrfo^a  time,  grape-sugar  is  found  in  the  urine, 

chondnn  is  given  along  witu  nesn  xor  a  uiuc,  t,   i      o  ,    1  ■  i  4.i,„ 

[The  Metabolism  of  Peptones.-Most  of  the  proteids  absorbed  into  the  blood 
ari  p  evLsly  ^  into  peptones  by  the  digestive  Juices     It  -s  been  ass^^^ 

more  especially  bv  Briicke,  that  some  albumin  is  absorbed  unchanged  (§  U-^,  4), 
Td  tl  :ron?^^'hi^'is^  of  forming  organic  albumin,  while  the  peptones  a  te.; 

Ldergoing  I  reconversion  into  albumin,  undergo  decomposition  as  such  This  v^e^ 
is  opposed  bv  many  observers,  who  maintain  that  peptones  perform  all  the  tunc 
tlnf  of  protei^Ss,  so  that  peptones,  with  the  other  necessary  constituents  of  an 
adequate  diet,  suffice  to  maintain  a  proper  standard  ot  health.] 

O^q  A  DIET  OF  FAT  OB  OF  CARBOHYDKATES.-If  fat  alone  be  given 
as  :?ood,  the  animal  lives  but  a  short  time.  The  animal  so  fed  -cretes  even  ess 
urea  tha^  when  it  is  starving ;  so  that  the  consumption  of  fa  l^'"  the  de  om 
position  of  the  animal's  own  proteids.  As  fat  is  an  easily  oxidised  body,  t  yields 
S  t  hiefly  and  becomes  sooner  oxidised  than  the  nitrogenous  pro  eids  which  are 
oxidised  with  more  difficulty.  If  the  amount  of  at  taken  be  very  large  all  the  C 
of  the  fat  does  not  reappear,  e.g.,  in  the  CO  of  the  expired  air  ;  f ^^^^^J^^^^ 
must  acquire  fat,  whilst  at  the  same  time  it  decomposes  proteids.  The  animal  thus 
becomes  poorer  in  proteids  and  richer  in  fats  at  the  same  time 

[The  metabolism  of  fats  is  not  dependent  on  the  amount  ot  fats  taken  with  the 
food.  1.  It  is  largely  influenced  by  work,  i.e.,  by  the  activity  of  the  tissues  and 
in  fact  with  muscular  work  COg  is  excreted  in  greatly  increased  amount  127,  b> 
2  By  the  temperature  of  the  surroundings,  as  more  CO^  is  produced  in  the  cold 
(i  214  2)  and  far  more  fatty  foods  are  required  in  high  latitudes.  In  their  action 
on  the' organism,  proteids  and  fats  so  far  oppose  each  other,  as  the  former  increase 
the  waste,  and  therefore  oxidation,  while  the  latter  diminish  it,  probably  by  aliect- 
ing  the  metabolic  activity  of  the  cells  themselves  (Bauer).  As  a  matter  ot  tact,  tat 
animals  or  persons  bear  starvation  better  than  spare  individuals.  In  the  latter,  the 
small  store  of  fat  is  soon  used  up,  and  then  the  albumin  is  rapidly  decomposed. 
For  the  same  reason  corpulent  persons  are  very  apt  to  become  still  more  so,  even 
on  a  very  moderate  diet.]  j  1  j- 

When  carbohydrates  alone  are  given,  they  must  first  be  converted  by  digestion 
into  sugar.  The  result  of  such  feeding  coincides  pretty  nearly  with  feeding  with 
fat  alone.  But  the  sugar  is  more  easily  burned  or  oxidised  within  the  body  than 
the  fat,  and  17  parts  of  carbohydrate  are  equal  to  10  parts  of  fat.  Thus  the  diet 
of  carbohydrates  limits  the  excretion  of  urea  more  readily  than  a  purely  fat  diet. 
The  animals  lose  flesh,  and  appear  even  to  use  up  part  of  their  own  fat. 

[The  metabolism  of  carbohydrates  also  serves  to  diminish  the  proteid  meta- 
bolism, as  they  are  rapidly  burned  up  and  thus  "  spare  "  the  circulating  albumin. 
But  Pettenkofer  and  Voit  assert  that  they  are  rapidly  destroyed  in  the  body,  even 
when  given  in  large  amount,  so  that  they  difier  from  fats  in  this  respect.  They 
are  more  easily  oxidised  than  fats,  so  that  they  are  always  consumed  first  in  a  diet 
of  carbohydrates  and  fat.  By  being  consumed  they  protect  the  proteids  and  fats 
from  consumption.] 
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The  direct  introiluction  of  gra^jc-  and  cane-sugar  into  tlic  blood  does  not  increase  the  amount 
of  0  used,  but  the  amount  of  GO.,  is  increased.  [The  doctrine  of  Liebig,  that  tlie  oxygen  taken 
in  is  a  measure  of  tlio  motnbolic  processes,  is  refuted  by  these  and  other  experiments.  It 
woukl  seem  that  fat  is  not  directly  oxidised  by  0,  but  that  it  is  split  up  into  other  simpler 
compounds  which  are  slowly  and  gradually  oxidised  ;  in  fact,  fat  may  lessen  tlie  amount  of  0 
taken  in,  as  it  diminishes  waste.] 

240.  FLESH  AND  FAT,  OR  FLESH  AND  CARBOHYDRATES.— An 

amount  of  ilesh  equal  to  to  of  the  weight  of  the  body  is  required  to  nourish  a 
dog,  which  is  fed  on  a  purely  tlesh  diet ;  if  the  necessary  amount  of  fat  or  carbo- 
hydrates be  added  to  the  diet,  a  smaller  quantity  of  flesh  is  required  {v.  Voit).  For 
100  parts  of  fat  added  to  the  flesh  diet,  245  parts  of  dry  flesh  or  227  of  syntonin 
can  be  dispensed  with.  If  instead  of  fats  carbohydrates  are  added,  then  100  parts 
of  fat  =  230  to  250  of  the  latter  (Bubner).  When  the  amount  of  flesh  is  insufficient, 
the  addition  of  fat  or  carbohydrates  to  the  food  always  limits  the  decomposition  of 
the  animal's  own  substance.  Lastly,  when  too  much  flesh  is  given  along  with 
these  substances,  the  weight  of  the  body  increases  more  with  them  than  without 
them.  Under  these  circumstances,  the  animal's  body  puts  on  more  fat  than  flesh. 
The  consumption  of  0  in  the  body  is  regulated  by  the  mixture  of  flesh  and  non- 
nitrogenous  substances,  rising  and  falling  with  the  amount  of  flesh  consumed.  It 
is  remarkable  that  more  O  is  consumed  when  a  given  amount  of  flesh  is  taken,  than 
when  the  same  amount  of  flesh  is  taken  with  the  addition  of  fat. 

It  seems  that,  instead  of  fat,  the  corresponding  amount  of  fatty  acids  has  the  same  effect  on 
the  metabolism.  [If  a  dog  be  fed  with  fatty  acids  and  a  sufficient  amount  of  pvoteid,  no  fatty 
acids  are  found  in  the  chyle,  while  fat  is  formed  synthetically,  the  glycerin  for  the  latter  prob- 
ably being  produced  in" the  body.]  They  arc  absorbed  as  an  emulsion  just  like  the  fats. 
When  so  absorbed,  they  seem  to  be  reconverted  into  fats  in  their  passage  from  the  intestine  to 
the  thoracic  duct  probably  by  the  action  of  the  leucocytes  (J.  Hank,  Will).  [Glycerin  in  small 
doses  has  no  effect  on  the  metabolism  of  proteid,  but  in  large  doses  it  increases  it.  It  is  con- 
sumed in  the  body,  as  shown  by  experiments  on  the  respiratory  products,  and  it  prevents 
a  certain  amount  of  fat  from  being  used  up.  About  20  per  cent,  is  excreted  in  the  urine 
[Arnsc'hink).'\ 

241.  ORIOIN  OF  FAT  IN  THE  BODY.— I.  Part  of  the  fat  of  the  body  is 
derived  directly  from  the  fat  of  the  food,  i.e.,  it  is  absorbed  and  deposited  in  the 
tissues.  This  is  shown  by  the  fact  that,  with  a  diet  containing  a  small  amount  of 
albumin,  the  addition  of  more  fat  causes  the  deposition  of  a  larger  amount  of  fat 
in  the  body  {v.  Voit,  Hofmann). 

[Hofmann  starved  a  fat  dog  for  30  days  until  all  its  fat  was  used  up.  He  fed  it  on  lard  and 
a  little  albumin  for  5  days  and  then  killed  it.  In  5  days  it  absorbed  1854  grms.  of  fat  and  254 
grms.  of  albumin.  It  added  to  its  body  1353  grms.  of  fat;  but  this  amount  could  not  be 
formed  from  the  proteids  of  the  food,  and  therefore  the  fat  must  have  come  from  the  fat  of  the 
food.  Pettenkofer  and  Voit  arrived  at  the  same  result  in  another  way.  They  fed  dogs  on  fish 
and  much  fat,  and  by  their  respiration  apparatus  estimated  the  gaseous  income  and  expendi- 
ture (§  122).  All  the  N  taken  in  reappeared  in  the  excreta,  but  not  all  the  0.  The  amount  of  C 
retained  was  very  large,  therefore  a  non-nitrogenous  residue  must  have  been  laid  up  in  the  body, 
and  it  could  only  be  fat,  as  this  was  the  only  substance  found  in  large  amount  in  the  body. 
They  estimated  the  possible  amount  of  fat  that  could  be  formed  from  the  proteids,  and  found  that 
the  amount  stored  up  was  far  greater  than  this  ;  so  that  the  fat  of  the  food  must  have  been 
stored  up  in  the  tissues.] 

Lebedeff  found  that  dogs,  which  were  starved  for  a  month,  so  as  to  get  rid  of  all  their  own 
fat,  on  being  fed  with  linseed  oil,  or  mutton  suet  and  flesh,  had  these  fats  restored  to  their 
tissues.  These  fats,  therefore,  must  have  been  absorbed  and  deposited.  J.  Munk  found  the 
same  on  feeding  animals  with  rape-seed  oil.  Fatty  acids  may  also  contribute  to  the  formation 
of  fats,  as  glycerin  when  formed  in  the  body  must  be  stored  up  during  metabolism  {J.  Mttnk). 

Fatty  acids  may  contribute  to  the  formation  of  fats  by  union  witli  the  glycerin  of  the  body 
during  the  metabolism. 

II.  A  second  source  of  the  fats  is  albuminous  bodies.  In  the  case  of  the  forma- 
tion of  fat  from  proteids,  which  may  yield  1 1  per  cent,  of  fat  (according  to  Henne- 
berg  100  parts  of  dry  albumin  can  form  51-5  parts  of  fat),  these  proteids  split  up 
into  a  non-nitrogenous  and  a  nitrogenous  atomic  compound.    The  former,  during 
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a  diet  containing  much  albumin,  when  it  is  not  completely  oxidised  into  CO,  and 
HoO,  is  the  substance  from  which  the  fat  is  formed-the  latter  leaves  the  body 
oxidised  chiefly  to  the  stage  of  urea. 

fed  on  plenty  ot  rtes^^^^^^^^  the  food.'  4.  l^atty  de- 

and  some  '  f^^^l  ™°;,;^\Vd  ^^^^^^^  clue  to  a  decomposition  of  proteids.  5.  The  transfor- 
generat.on         of  ne.^^  lain  for  a  long  time  surrounded  with  water,  into  a 

matron  of  entue  ^if;',^^^^^^^^  acid  or  adipocere  is  also  a  proof  of  the  transforma- 

niass  consisting  a  n  os^^^^^^^^  also  able  to  form  fat  from  albumin  during 

heb  .Si  7  ^Iif  Sving  dogs,  Bauer  estimated  the  N  and  CO,  given  off,  and  0  taken  in, 
aid  th  rsloWlj  poiso^i^^^^^  them  with  phosphorus,  and  he  found  that  the  excretion  of  N  .s-as 
increased  twofokl  whUe  the  excretion  of  CO,  and  the  absorption  ot  0  were  diminished  one-half 
Therefore  from  a  ^^^^^^^^^^  amount  of  nitrogenous  tissue,  a  nitrogenous  body  and  a  small  amount  of 
iHeieloie  nom  ^l^'^^^""  excreted  while  a  large  amount  of  a  non-nitrogenous  residue  was 
re^Sne^rr  Lumert  degeneration  of  all  the  organs,  the  fat  being  derived 

letamea  .  i-i/oteid     The  same  obta  ns  with  arsenic  and  antimony.] 

'TatfLrmere^^^^^^^^  go  to  show  that  the  fat  of  animals,  during  the 

xai.£>  iiuK  iiicicij  oc.  unoV.  fvnm  tVip  food  are- — 1.  Fattening  occurs  with  tlesh 

tTr^s^Ttlfm^stt^or^^^^  into  neu^-al  fats  by  taking 

up  cr  vceri^  an  giving  up  alkali.  2.  If  a  lean  dog  be  fed  with  flesh  and  palmitin-  and  stearm- 
Lddoap  the  fat  of  its  body  contains,  in  addition  to  palmitm  and  stearin,  oZcm  fat  so  that 

£  lasTmiist  bo  forme^^^  bv  the  organism  from  the  proteids  of  the  flesh.  Further,  Ssubotin 
Joundthr  whenr  fed  on  lean  meat  and  spermaceti-fat,  a  very  smal  amount  of 

tKttei  was  found  in  the  fat  of  the  animal.  Although  these  experiments  show  that  the  fat 
of  thfbod;  must  be  formed  from  .the  decomposition  of  proteids,  they  do  not  prove  that  all  the 
fat  arises  in  this  way,  and  that  none  of  it  is  absorbed  and  redepositcd  (§  241,  i.). 

Ill  According  to  v.  Voit,  no  fat  is  formed  in  the  body  directly  from  carho- 
hvdrates,  e.g.,  by  reduction.  As  fattening  occurs  on  a  diet  of  pure  flesh  with  the 
addition  of  carbohydrates,  it  is  assumed  that  the  carbohydrates  are_  consumed  or 
oxidised  in  the  body,  and  that  thereby  a  non-nitrogenous  body  derived  from  the 
proteids  is  prevented  from  being  burned  up,  and  that  it  is  changed  into  iat,  and 
stored  up  as  such.    No  doubt  fat  is  formed  indirectly  in  the  blood  m  this  way 

From  experiments  upon  fattening  animals,  however,  Lawes  and  Gilbert,  Lehmann, 
Heiden,  v.  Wolff,  and  others,  think  they  are  entitled  to  conclude  that  the  carbo- 
hydrates absorbed  are  directly  concerned  in  the  formation  of  fats,  a  view  which  is 
supported  by  Henneberg,  B.  Schulze,  and  Soxhlet.  According  to  Pasteur,  glycerin 
(the  basis  of  neutral  fats)  may  be  formed  from  carbohydrates. 

[Tscherwinsky  fed  two  similar  pigs  from  the  same  litter ;  No.  I.  weighed  7300  grms. ;  No.  II. 
7''90  crrms.    No.  I.  was  killed  and  its  fat  and  proteids  estimated.    No.  II.  was  ted  lor  four 
months  on  grain  and  then  killed,  the  grain  and  excreta  and  the  undigested  fat  and  proteids , 
were  analysed,  so  that  the  amount  of  fat  and  proteid  absorbed  in  four  months  was  estimated. 

ti'Uorl  aiifl  its  (at  and  nrotfiids  estimated. 


No.  II.  contained  2-50  kilos,  albumin  and  9-25  kilos,  fat. 

No.  I.         ,j  0-96 

)) 

0-69     „  ,, 

Assimilated,         1'56  ,, 

)) 

8-56     ,,  „ 

Taken  in  in  food,  7*49  ,, 

0-66     „  ,, 

Difference,         -5 '93  ,, 

)) 

-t-7-90     ,,  „ 

There  were  therefore  7  '90  kilos,  of  fat  in  the  body  which  could  not  be  accounted  for  in  the  fat 
of  the  food.  The  5-93  kilos,  of  albumin  of  the  food  which  were  not  assimilated  as  albunuu 
could  yield  only  a  small  part  of  the  7-90  kilos,  of  fat,  so  that  at  least  5  kilos,  of  fat  must  have 
been  formed  from  carbohydrate.  Lawes  and  Gilbert  calculated  that  40  per  cent,  of  the  fat  in 
pigs  was  derived  from  carbohydrates.  How  the  carbohydrates  are  changed  into  fat  in  the 
body  is  entirely  unknown.]  .    .  . 

Formerly  it  was  believed  that  bees  could  prepare  wax  from  honey  alone ;  this  is  a  mistake — 
an  equivalent  of  albumin  is  reciuired  in  addition — the  necessary  amount  is  I'ouud  in  the  raw 
honey  itself. 
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242.  COEPULENCE.— The  aiUlition  of  too  much  fiit  to  the  body  is  a  pathological  pheno- 
moiioii  which  is  attemlcd  with  disagreeable  uonsequcnces.  With  regard  to  the  causes  of  obesity, 
without  doxibt  there  is  au  inherited  tendency  (in  33  to  56  per  cent,  of  the  cases)  in  many 
families — and  in  some  breeds  of  cattle,  to  lay  uj)  fat  in  the  body,  while  other  families  may  be 
richly  supplied  with  fat,  and  yet  remain  lean.  The  chief  cause,  however,  is  taking  too  mucli 
food,  i.e.,  more  than  the  amount  reiiuirod  for  the  normal  metabolism;  corpulent  people,  in 
order  to  maintain  their  bodies,  must  eat  absolutely  and  relatively  more  than  persons  of  spare 
habit,  under  analogous  conditions  of  nutrition  (§236). 

Conditions  favouring  Corpiilence. — (1)  A  diet  rich  in  protcids,  with  a  corresponding  addition 
of  fat  or  carbohydralcs.  As  llesli  or  muscle  is  formed  from  proteids,  and  part  of  the  fat  of  the  body 
is  also  formed  from  albximin;  the  assumption  that  fats  and  carbohydrates  fatten,  or,  when  taken 
alone,  act  as  fattening  agents,  is  completely  without  foundation.  (2)  Divnidslicd  dUdnlccjra- 
Hon  of  materials  within  the  body,  e.g.,  (a)  diminiiihed  muscular  activity  (much  sleep  and  little 
exercise)  ;  (h)  abrogation  of  the  sexual  functions  (as  is  shown  by  the  rapid  fattening  of  castrated 
animals,  as  well  as  by  the  fact  that  some  women,  after  cessation  of  the  menses,  readily  become 
corpulent) ;  (c)  diminished  mental  activity  (the  obesity  of  dementia),  phlegmatic  temperament. 
On  the  contrary,  vigorous  mental  work,  excitable  temperament,  care  and  sorrow,  counteract 
the  deposit  of  fat ;  (rf)  diminished  extent  of  the  respiratory  activity,  as  occurs  when  there  is  a 
great  deposition  of  fat  in  the  abdomen,  limiting  the  action  of  the  diaphragm  (breathlessness  of 
corpulent  people),  whereby  the  combustion  of  the  fatty  matters '.which  become  deposited  in  the 
body,  is  limited  ;  (c)  a  corpulent  person  requires  to  use  relatively  less  heat-giving  substances  in 
his  body,  partly  because  he  gives  ofl"  relatively  less  heat  from  his  compact  body,  than  is  done 
by  a  slender  long-bodied  individual,  and  partly  because  the  thick  layer  of  fat  retards  the  con- 
duction of  heat  (§  214,  4).  Thus,  corresponding  to  the  relatively  diminished  production  of 
heat,  more  fat  maybe  stored  up;  (/)  a  dimimilion  of  the  red  blood-corimscles,  which  are  the 
great  exciters  of  oxidation  in  the  body,  is  generally  followed  by  an  increase  of  fat — fat  people, 
as  a  rule,  are  fat  because  they  have  relatively  less  blood  (§  41) — women  with  fewer  red  blood- 
corpuscles  are  usually  fatter  than  men  ;  {g)  the  consumption  of  alcohol  favours  the  conservation 
of  fat  in  the  body,  the  alcohol  is  easily  oxidised,  and  thus  prevents  the  fat  from  being  burned 
up  (§  235). 

Disadvantages.^ — Besides  the  inconvenience  of  the  great  size  and  weight  of  the  body,  corpu- 
lent people  suffer  from  breathlessness— they  are  easily  fatigued,  are  liable  to  intertrigo  between 
the  folds  of  the  skin,  the  heart  becomes  loaded  with  fat,  and  they  not  unfrequently  are  subject 
to  apoplexy. 

In  order  to  counteract  corpulence  we  ought  to — (1)  Reduce  uniformly  all  articles  of  diet. 
The  diet  and  body  ought  to  be  weighed  from  week  to  week,  and  as  long  as  there  is  no  diminu- 
tion in  the  body-weight  the  amount  of  food  ought  to  be  gradually  and  uniformly  reduced  (not- 
withstanding the  appetite).  This  must  be  done  very  gi-adually  and  not  suddenly.  A  moderate 
reduction  o,  fat  and  carbohydrates  in  a  normal  diet,  at  the  same  time  leads  to  a  diminution  of 
the  fat  of  the  body  itself.  Let  a  person;  who  is  capable  of  muscular  exertion  take  156  grins, 
proteid,  43  grms. 'fat,  and  114  grms.  carbohydrates  ;  but  in  those  where  congestions,  liydraimia, 
breathlessness  have  taken  place,  take  170'  grms.  proteid,  25  grms.  fat,  and  70  grms.  carbo- 
hydrates {Oertel).  It  is  not  advisable  to  limit  the  amount  of  fat  and  carbohydrates  alone,  as  is 
done  in  the  Banting-cure  or  Bantingism.  Apart  altogether  from  the  fact  that  fat  is  formed 
from  proteids,  if  too  little  non-nitrogenous  food  be  taken,  severe  disturbance  of  the  bodily 
metabolism  is  apt  to  occur.  (2)  It  is  advisable  during  the  chief  meal  to  limit  the  consumption 
of  fluids  of  all  sorts  (even  until  three-quarters  of  an  hour  thereafter),  and  thus  render  the  ab- 
sorption and  digestive  activity  of  the  intestine  less  active  {Oertel).  (3)  The  mv.scular  activity 
owcht  to  be  greatly  developed  by  doing  plenty  of  muscular  work,  or  taking  plenty  of  exercise, 
both  physical  and  mental.  (4)  FavoiLr  the  evolution  of  heat  by  taking  cold  baths  of  consider- 
able duration,  and  afterwards  rubbing  the  skin  strongly  so  as  to  cause  it  to  become  red  ;  further, 
dress  lightly,  and  at  night  use  light  bed-clothing  ;  tea  and  coffee  are  useful,  as  they  excite  the 
circulation.    (5)  Use  gentle  laxatives  ;  acid  fruits,  cider ;  alkaline  carbonates  (of  Manenbad, 


action,  Uertel  recommencis  niu-cnmuiug,  wuereuy  tue  udiuiao  uiuoi-ic  io  >..v^.^»o^v.  ^..^.-^.^ 
ened     At  the  same  time  the  circulation  becomes  more  lively  and  the  metabolism  is  increased. 

[Oertel's  Method  goes  on  the  idea  of  strengthening  the  cardiac  musculature,  which  is  sought 
to  be  accomplished  by  (1)  limiting  the  amount  of  fluids  consumed,  and  (2)  careiully  regulated 
muscular  exertion.  The  amount  of  food  is  first  reduced  one-half,  and  the  water  to  a  still  lower 
amount,  while  the  nitrogenous  elements  in  food  are  increased,  the  non-nitrogenous  are  decreased 
The  person  is  then  instructed  to  take  exercise  under  certain  medical  precautions,  first,  on  level 
ground,  and  then  on  gradually  increasing  gradients.]  .     ,     ^       ...       o,  „r 

Fatty  Degeneration.— The  process  of  fattening  consists  m  the  deposition  of  drops  ot  tat 
within  the  fat-cells  of  the  panniculus  and  around  the  viscera,  as  well  as  in  the  marrow  ot  bone 
(but  they  are  never  deposited  in  the  subcutaneous  tissue  of  the  eyelids,  of  the  penis,  ot  tue  ica 
part  of  the  lips,  in  the  ears  and  nose).    This  is  quite  different  from  the  fatty  atrophy  or  fatty 
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nc  WPlI  JIS  111  lierVt3-llUl.ea  ociiaicii-viw.  v..^..  .     "      "    .     ,  ! 

f^m  album  n  much  iu  the  same  way  as  fat  is  lor.Ked  in  the  gland-cells  oi  the  maniraary  and 
seWeous"  lands  Marked  latty  degeneration  not  unfre.iuently  occurs  after  severe  levers,  and 
Ser  aS  a  heating  of  the  tissues";  when  a  too  small  amount  of  0  is  supplied  to  the  tissues, 
i  occurs  in  caefofp^^^  poisoning  ;  in  drunkards  ;  after  poisoning  witli  ai;senic 

^m^o  I  cr  siS  some  disturbances  of  the  circulation  and  innervation,  borne 

olSins  areTsped^^  to  undergo  fatty  degeneration  during  the  course  ot  certain  diseases. 

°243  METABOLISM  OF  THE  TISSUES.— The  blood-stream  is  the  chief 
medium  "whereby  new  material  is  supplied  to  the  tissues  and  the  effete  products  re- 
moved from  them.  The  lymph  which  passes  through  the  thin  capillaries  comes 
into  actual  contact  with  the  tissue  elements.  Those  tissues  which  are  devoid  of 
blood-vessels  in  their  own  substance,  such  as  the  cornea  and  cartilage,  receive 
nutrient  fluid  or  lymph  from  the  adjacent  capillaries,  by  means  of  their  cellular 
elements,  which  act  as  juice-conducting  media.  Hence,  when  the  normal  circulation 
is  interfered  with,  by  atheroma  or  calcification  of  the  walls  of  the  blood-vessels, 
these  tissues  are  secondarily  affected  [this,  for  example,  is  the  case  in  arcus  senilis 
of  the  cornea,  due  to  a  fatty  degeneration  of  the  corneal  tissue,  owing  to  some  affec- 
tion of  the  blood-vessels  on  which  the  cornea  depends  for  its  nutrition].  Total  com- 
pression or  ligature  of  all  the  blood-vessels  results  in  necrosis  of  the  parts  supplied 
by  the  ligatured  blood-vessels. 

Atro]ihies  caused  by  diminutioii  of  the  normal  supjply  of  blood,  gradually,  in  the  course  of  time 
become  less  and  less  \Samud). 

Hence,  there  must  be  2.  double  current  of  the  tissue  juices;  the  afferent  or 
supply  current,  which  supplies  the  new  material,  and  the  efferent  stream  which 
removes  the  effete  products.  The  former  brings  to  the  tissues  the  proteids,  fats, 
carbohydrates,  and  salts  from  which  the  tissues  are  formed.  It  is  evident  that  any 
interruption  of  the  arterial  supply  to  the  tissues  will  diminish  this  supply. 

That  such  a  current  exists  is  proved  by  injecting  an  indifferent,  easily  recognisable  substance 
into  the  blood,  e.g.,  potassium  ferrocyanide,  when  its  presence  may  be  detected  in  the  tissues, 
to  which  it  has  been  carried  by  the  outgoing  current. 

The  efferent  stream  carries  away  the  decomposition  products  from  the  various 
-tissues,  more  especially  urea,  COg,  HgO,  and  salts,  and  these  are  transferred  as 
quickly  as  possible  to  the  organs  through  which  they  are  excreted. 

That  such  a  current  exists  is  proved  by  injecting  such  a  substance  as  potassium  feiTOcyanide 
into  the  tissues,  e.g.,  subcutaneously,  when  its  presence  may  be  detected  iu  the  urine  within 
two  to  five  minutes. 

If  the  current  from  the  tissues  to  the  blood  is  so  active  that  the  excretory  organs 
cannot  eliminate  all  the  effete  products  from  the  blood,  then  these  products  are 
found  in  the  tissues.  When  certain  poisons  are  injected  subcutaneously,  they  pass 
rapidly  into  the  blood  and  are  carried  in  great  quantity  to  other  tissues,  e.g.,  to  the 
nervous  system,  on  which  they  act  with  fatal  effect,  before  they  are  eliminated  to 
any  great  extent  from  the  blood  by  the  action  of  the  excretory  organs.  The  effete 
materials  are  carried  away  from  the  tissues  by  two  channels,  viz.,  by  the  veins  and 
by  the  lymphatics,  so  that  if  these  be  interfered  with,  the  metabolism  of  the  tissues 
must  also  suffer.  When  a  limb  is  ligatured  so  as  to  compress  the  veins  and  the 
lymphatics,  the  efferent  stream  stagnates  to  such  an  extent  that  considerable  swell- 
ing of  the  tissues  or  oedema  may  occur  (§  203).  The  action  of  the  muscles  and 
fascise.  are  very  important  in  removing  these  effete  matters. 

H.  Nasse  found  that  the  blood  of  the  jugular  vein  is  0'225  per  1000  specifically  heavier  than 
1  he  blood  of  the  carotid,  and  contains  0-9  parts  per  1000  more  solids;  1000  cubic  centimetres 
of  blood  circulating  through  the  head  yield  about  5  cubic  centimetres  of  transudation  into  the 
tissues. 

The  extent  and  intensity  of  the  metabolism  of  the  tissues  depend  upon  a 
variety  of  factors. 
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1.  Upon  their  activity. — The  increased  activity  of  an  organ  is  indicated  by  the 
increased  amount  of  blood  going  to  it,  and  by  the  more  active  circulation  through 
it  (§  100).    When  an  organ  is  completely  inactive,  such  as  a  paralysed  muscle,  or  the 
peripheral  end  of  a  divided  nerve,  the  amount  of  blood  and  the  nutritive  exchange 
of  fluids  diminish  within  these  parts.    The  parts  thus  thrown  out  of  activity  be- 
come pale,  relaxed,  and  ultimately  undergo  fatty  degeneration.    The  increased 
metabolism  of  an  organ  during  its  activity  has  been  proved  experimentally  in  the 
case  of  muscle,  and  [(§  263)  also  in  the  brain  {S2)('ch)\    Langley  and  Sewell  have 
recently  observed  directly  the  metabolic  changes  within  sufficiently  thin  lobules  of 
glands  during  life.    The  cells  of  serous  glands  (§  143),  and  those  of  mucous,  and 
pepsin-forming  glands  (§  164),  during  quiescence,  become  iilled  with  coarse  granules, 
which  are  dark  in  transmitted  light  and  white  in  reflected  light,  which  gi-anules  are 
consumed  or  disappear  during  granular  activity.    During  sleep,  when  most  organs 
are  at  rest,  the  metabolism  is  limited,  darkness  also  diminishes  it ;  while  light 
excites  it,  obviously  owing  to  nervous  influences.    The  variations  in  the  total  meta- 
bolism of  the  body  are  reflected  in  the  excretion  of  CO2  (§  127,  9)  and  urea  (§  257), 
Avhich  may  be  expressed  graphically  in  the  form  of  a  curve  corresponding  with  the 
activity  of  the  organism ;  this  curve  corresponds  very  closely  with  the  daily  varia- 
tions in  the  respirations,  pulse,  and  temperature  (p.  327). 

2.  The  composition  of  the  blood  has  a  marked  effect  upon  the  current  on  which 
the  metabolism  of  the  tissues  depends.  Very  concentrated  blood,  which  contains 
a  small  amount  of  water,  as  after  profuse  sweating,  severe  diarrhcea,  cholera,  makes 
the  tissues  dry,  while  if  much  water  be  absorbed  into  the  blood,  the  tissues  become 
more  succulent  and  even  oedema  may  occur.  When  much  common  salt  is  present 
in  the  blood,  and  when  the  red  blood-corpuscles  contain  a  diminished  amount  of  _0, 
and  especially  if  the  latter  condition  be  accompanied  by  muscular  exertion  causing 
dyspnoea,  a  large  amount  of  albumin  is  decomposed,  and  there  is  a  great  formation 
of  urea.  '  Hence,  exposure  to  a  rarefied  atmosphere  is  accompanied  by  increased 
excretion  of  urea.  Certain  abnormal  conditions  of  the  blood  produce  remarkable 
results  •  blood  charged  with  carbonic  oxide  cannot  absorb  0  from  the  air,  and  does 
not  remove  CO,  from  the  tissues  (§  16).  The  presence  of  hydrocyanic  acid  in  the 
blood  (§  16)  is"  said  to  interrupt  at  once  the  chemical  oxidation  processes  in  the 
blood  so  that  rapid  asphyxia,  owing  to  cessation  of  the  inUrncd  respiration,  occurs. 
Fermentation  is  interrupted  by  the  same  substance  in  a  similar  way.  A  dimmution 
of  the  total  amount  of  the  blood  causes  more  fluid  to  pass  from  the  tissues  into  the 
blood  but  the  absorption  of  substances— such  as  poisons  or  pathological  effusions, 
from  the  tissues  or  intestines  is  delayed.  If  the  substances  which  pass  from  the 
tissues  into  the  blood  be  rapidly  eliminated  from  it,  absorption  takes  place  more 

^^^s'^  The  hlood-pressure,  when  it  is  greatly  increased,  causes  the  tissues  to  contein 
more  fluid,  while  the  blood  itself  becomes  more  concentrated,  to  the  extent  of  3  to 
5  per  1000  We  may  convince  ourselves  that  blood-plasma  easily  passes  through 
the  capillary  wall,  by  pressing  upon  the  efferent  vessel  coming  from  the  chorimn 
deprived  of  its  epidermis,  e.g.,  by  a  burn  or  a  bhster  when  the  surface  of  t^^^^ 
wound  becomes  rapidly  suffused  with  plasma.  Diminution  0  the  blood-pressuie 
produces  the  opposite  result.  The  oxidation  processes  m  the  body  are  diminished 
after  the  use  of  P,  Cu,  ether,  chloroform,  and  chloral.  ,  .,  ,  ,         .  .  

4.  Increased  temperature  of  the  tissues  (several  hours  daily)  does  not  increase 
the  breaking  up  of  albumin  and  fats.    (See  §§  221,  220  225.)  _ 

5  The  influence  of  the  nervous  system  on  the  metabolism  is  twofold.    Un  tJie 
one 'hand  it  acts  indirectlv  through  its  effect  upon  the  blood-vessels,  by  causing 
them  to  c  ntract  or  dilate^hrou^^  the  agency  of  r^T^Tl^T'"' Bu 
i  fluences  the  amount  of  blood  supplied,  and  also  affects  the  blood-pre  sure.  But 
qui'e  rdependently  of  the  blood-vessels,  it  is  probable  that  certain  special  nerves- 
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the  so-called  trophic  nerves,  influence  the  metabolism  or  nutrition  of  the  tissues 
(S  34-''  c)  That  nerves  do  influence  directly  the  transformation  of  matter  within 
the  tissues  is  shown  by  the  secretion  of  saliva  resulting  from  the  stimulation  of 
certain  nerves,  after  cessation  of  the  circulation  (§  U5),  and  by  the  metabolism 
during  the  contraction  of  bloodless  muscles.  Increased  respiration  and  apnrea  are 
not  followed  by  increased  oxidation  {Pfiiiger)  {%  127,  8). 

rG'xskoll  has  raised  the  question  as  to  tlie  existence  oF  katabolic  and  anaboUc  nerves  con- 
trolling respectively  the  analytic  and  synthetic  metabolism  of  the  tissues.] 

244  REGENERATION.— The  extent  to  which  lost  parts  are  replaced  varies  gi'eatly  in 
ditterent  organs  Amongst  the  lownr  animals,  the  parts  of  organs  are  replaced  to  a  far  greater 
extent  tlian  amongst  warm-blooded  animals.  When  a  hydra  is  divided  into  two  parts,  each 
part  forms  a  new  individual— nay,  if  the  body  of  the  animal  be  divi^iled  into  several  parts  m  a 
particular  way,  then  each  part  gives  rise  to  a  new  individual  {Spallanzam).  The  Planarians 
also  show  a  "reat  capability  of  reproducing  lost  parts  {Dwjis).  Spiders  and  crabs  can  reproduce 
lost  feelers  fimbs,  and  claws ;  snails,  part  of  the  head,  feelers,  and  eyes,  provided  the  central 
nervous  system  is  not  injured.  Many  fishes  reproduce  fins,  even  the  tail  fin.  Salamanders 
and  lizards  can  produce  an  entire  tail,  including  bones,  muscles,  and  even  the  posterior  part  of 
the  spinal  cord  •  while  the  triton  reproduces  an  amputated  limb,  the  lower  jaw,  and  the  eye. 
This  reproduction  necessitates  that  a  small  stump  be  left,  while  total  extirpation  of  the  parts 
prevents  reproduction.  In  amphibians  and  reptiles  the  regeneration  of  organs  and  tissues,  as 
a  whole,  takes  place  after  the  type  of  the  embryonic  development,  and  the  same  is  true  as  re- 
gards the  histological  processes  which  occur  in  the  regenerated  tail  and  other  parts  of  the  body 
of  the  earth-worm. 

The  extent  to  which  regeneration  can  take  place  in  mammals  and  in  man  is  very 
slight,  and  even  in  these  cases  it  is  chiefly  confined  to  young  individuals.  A  true 
regeneration  occurs  in — 

1.  The  blood,  including  the  plasma,  the  colourless  and  coloured  corpuscles.  (§  7 
and  §  41.) 

2.  The  epidermal  appendages  (§  283)  and  the  epithelium  of  the  mucous  mem- 
branes are  reproduced  by  a  proliferation  of  the  cells  of  the  deeper  layers  of  the 
epithelium,  with  simultaneous  division  of  their  nuclei.  Epithelial  cells  are  repro- 
duced as  long  as  the  matrix  on  which  they  rest  and  the  lowest  layer  of  cells  are 
intact.  When  these  are  destroyed  cell-regeneration  from  below  ceases,  and  the  cells 
at  the  margins  are  concerned  in  filling  up  the  deficiency.  Regeneration,  therefore, 
either  takes  place  from  below  or  from  the  margins  of  the  wound  in  the  epithelial 
covering ;  leucocytes  also  wander  into  the  part,  while  the  deepest  layer  of  cells 
forms  large  multi-nucleated  cells,  which  reproduce  by  division  polygonal  fiat 
nucleated  cells.  [In  the  process  of  division  of  the  cells,  the  nucleus  plays  an 
important  part,  and  in  so  doing  it  shows  the  usual  karyokinetic  figures  (§  431).] 
The  nails  grow  from  the  root  forwards  ;  those  of  the  fingers  in  four  to  five  months, 
and  that  of  the  great  toe  in  about  twelve  months,  although  growth  is  slower  in  the 
case  of  fracture  of  the  bones.  The  matrix  is  co-extensive  with  the  lunule,  and  if  it 
be  destroyed  the  nail  is  not  reproduced  (§  284).  The  eyelashes  are  changed  in 
100  to  150  days,  the  other  hairs  of  the  body  somewhat  more  slowly.  If  the  papilla 
of  the  hair  follicle  be  destroyed,  the  hair  is  not  reproduced.  Cutting  the  hair 
favours  its  growth,  but  hair  which  has  been  cut  does  not  grow  longer  than  uncut 
hair.  After  hair  has  grown  to  a  certain  length,  it  falls  out.  The  hair  never  grows 
at  its  apex.  The  epithelial  cells  of  mucous  membranes  and  secretory  glands  seem 
to  undergo  a  regular  series  of  changes  and  renewal.  The  presence  of  secretory  cells 
in  the  milk  (§  231)  and  in  the  sebaceous  secretion  (§  285)  proves  this:  the  sperma- 
tozoa are  replaced  by  the  action  of  spermatoblasts.  In  catarrhal  conditions  of 
mucous  membranes,  there  is  a  great  increase  in  the  formation  and  excretion  of  new 
epithelium,  while  many  cells  are  but  indifferently  formed  and  constitute  mucous 
corpuscles.  The  crystalline  lens,  which  is  just  modified  epithelium,  is  reorganised 
like  epithelium  ;  its  matrix  is  the  anterior  wall  of  its  capsule,  with  the  single 
layer  of  cells  covering  it.    If  the  lens  be  removed  and  this  layer  of  cells  retained, 
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these  cells  proUfomto  and  elongate  to  form  lens  fibres,  so  that  the  whole  cavity  of 
the  empty  lens  capsule  is  refilled.  If  much  water  be  withdrawn  from  the  body, 
the  lens  fibres  become  turbid.  [A  turljid  or  opaque  condition  of  the  lens  may 
occur  in  diabetes,  or  after  the  transfusion  of  strong  common  salt  or  sugar  solution 
into  a  frog.] 

3.  The  blood-vessels  undergo  extensive  regeneration,  and  they  are  regenerated  in 
the  "same  way  as  they  are  formed  (§  7,  B).  Capillaries  are  always  the  first  stage, 
and  around  them  the  characteristic  coats  are  added  to  form  an  artery  or  a  vein. 
When  an  artery  is  injured  and  permanently  occluded,  as  a  general  rule  the  part  of 
the  vessel  up  to  the  nearest  collateral  branch  becomes  obliterated,  whereby  the 
derivatives  of  the  endothelial  lining,  the  connective-tissue  corpuscles  of  the  wall, 
and  the  leucocytes  change  into  spindle-shaped  cells,  and  form  a  kind  of  cicatricial 
tissue  Blind  and  solid  outshoots  are  always  found  on  the  blood-vessels  of  young 
and  adult  animals,  and  are  a  sign  of  the  continual  degeneration  and  regeneration 
of  these  vessels.  Lymphatics  behave  in  the  same  way  as  blood-vessels;  after 
removal  of  a  lymphatic  gland,  a  new  one  may  be  formed  {Bayer).   _       .      .  , 

4  The  contractile  substance  of  muscle  may  undergo  regeneration  after  it  has 
become  partially  degenerated.  This  takes  place  after  amyloid  or  wax-like  degener- 
ation, such  as  occurs  not  unfrequently  after  typhus  and  other  severe  fevers.  This 
is  chiefly  accomplished  by  an  increase  of  the  muscle  corpuscles.  After  being  com- 
pressed, the  muscular  nuclei  disappear,  and  at  the  same  time  the  contractile  contents 
de-^enerate  After  several  days,  the  sarcolemma  contains  numerous  nuclei  which 
reproduce  new  muscular  nuclei  and  the  contractile  substance.  In  fibres  injured  by 
a  subcutaneous  wound,  Neumann  found  that,  after  five  to  seven  days,  there  was  a 
bud-like  elongation  of  the  cut  ends  of  the  fibres,  at  first  without  transverse  striation, 
but  with  striation  ultimately.  If  a  large  extent  of  a  muscle  be  removed,  it  is 
replaced  by  cicatricial  connective-tissue.  Non-striped  muscular  fibres  are  also 
reproduced ;  the  nuclei  of  the  injured  fibres  divide  after  becoming  enlarged,  and 
exhibit  a  wdl-marked  intra-nuclear  plexus  of  fibrils  The  nuclei  d-'jde  ^nto  two 
and  from  each  of  these  a  new  fibre  is  formed,  probably  by  the  differentiation  of  the 

Deri-nuclear  protoplasm.  -t  4.1  „ 

5  After  a  nerve  is  divided,  the  two  ends  do  not  join  at  once  so  as  to  permit  the 
function  of  the  nerve  to  be  established.  On  the  contrary,  marked  changes  occur. 
If  a  Sece  becut  out  of  a  nerve-trunk,  the  peripheral  end  of  the  divided  nerve 
degenerates,  the  axial  cyUnder  and  the  white  substance  of  Schwann  disappear. 
The  interva  is  filled  up  at  first  with  juicy  cellular  tissue.  The  subsequent  change 
are  fuUv  described  in  §  325,  4.  There  seems  to  be  in  peripheral  nerves  a  continual 
Sapp «  of  fibres  by  fatty  degeneration,  accompanied  by  a  consecuhve^f^^^^^^ 
tion  of  new  fibres  {Sigm.  Mayer).  The  regeneration  of  peripheral  gangkom^^^^^^ 
is  unknown     V.  Voit,  however,  observed  that  a  pigeon,  part  of  whose  bia in  was 

emoved  Tad  within  fi've  months  reproduced  a  nervous  ^^^^^  ^^^T  ^:^t^^\:Z 
sistino-  of  medullated  nerve-fibres  and  nerve-cells.  Eichhorst  and  Naunyn  tound 
tha  fn  younrdogs,  whose  spinal  cord  was  divided  between  the  dorsal  and  lumbar 

eg  ons^there  was^  ;n  anatomical  and  P^^y^tf jtrr'v'd^ir'  intrcas  0 
thlt  voluntary  movements  could  be  executed  (§  338,  3  .    Vaulair,  ^^rT^nl 

rogs,  aid  Ma'sius  in  dogs,  found  that  mobility  or  motion        ^rs^  ^'^^ 
nftPrwards  sensibility.    Regeneration  of  the  spinal  ganglia  did  not  occur, 
afterwards  sensio  nty.        ^  •  ^j^.i,  ^ells  during  normal  activity  is 

ver^ctive-IebtTot,  muco^Ts,  Lieberklihnian  uterine  -mn^y  g 
^.ancy^otj..^^^^^ 

a  general  rale,  it  is  not  ^P"™?"*- ,  f  °  V,,,  ti,e  pancreatic  duct  may  be 
"  °°!incTrini  "nf  oSltaa.'  .md  GrifflSi,  it  part  of  the  spleen 
Kntvedft  is  rU^uced  (§'l03).    TiLii  and  Collucci  observed  the  formation 
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of  new  liver-cells  and  bUe-ducts  aftgi^y  ^^^^ 

proliferation  and  aid  in  the  i.^^^^^^^^^^  perichondrium  be  not 

U.a::r^^y  ^S^^^^^  bit  usnally  when  a  part 

4  ...  000..  and  the 

^tJ^ioJ  S^:^^  to  a  great  extent  under  certaj.  condition. 
If  the  articX  end  be  removed  by  excision,  it  may  be  reproduced  although  there 
II  a  conide  a^^^  of  shortening.    Pieces  of  bone  which  have  been  broken  off 

IS  a  .  i^e^ome  xmited  with  the  original  bone.    A  tooth  may  be 

irtrSlanted  to  another  region  of  the  body,  it  eventually  gives  rise  to  the  forn  a- 
Son  0°  nevv  bone  in  that  locality.  If  part  of  a  bone  be  removed,  provided  the 
peristeum  be  left,  new  bone  is  rapidly  reproduced hence  the  surgeon  takes  great 
LTto   i^serve  the  periosteum  intact  in  all  operations  where  he  wishes  new  bone 

0  be  reproduced  Even  the  marrow  of  bone,  when  it  is  transplanted  gives  rise 
to  the  formaS     bone.    This  is  due  to  the  osteoblasts  adhermg  to  the  osseous 

In  f»ol«re  of  a  long  bone,  tho  periosteal  deposits  o„  C  °  aI' fc't°  hS 

Se? 'Ji'X'  I^L  t^kt  nasi!;  iWted"  Towards  the  fortieth  day,  a  thin  layer  of  bone 
r  ormed  Sme^^^^^  caUxis)  between  the  ends  of  the  bone.  Where  this  begins  to  be 
defiSy  ossified,  the  outer  and  inner  callus  begin  to  be  absorbed,  and  ultimately  the  intei- 

^:::yS^:z^:s:^:^^^^e  g^owthand— .of  bones. 

1  The  addition  of  a  very  small  amount  of  phosphorus  or  arsenious  acid  to  the  food  causes  con- 
siderJbl  thSeni^  of  tL  bones.  This  seims  to  be  due  to  ^^^---■J^^^!^'^\f^^^^^^^  ^^^l 
the  bones  which  are  usually  absorbed,  while  new  growth  is  ^f-^f^^fliy;  J^P^;;,'',^ 

food  devoid  of  lime-salts  is  given  to  an  animal,  the  growth  of  the  f  "-^f,;^^^""*  ^^^f^^^'^'^^^^^^^^^ 
bones  become  thinner,  whereby  all  parts,  even  the  organic  basis  of  the  bone,  luideigo  a  uniloini 
diminntion  3  Sincr  with  madder  makes  the  bones  red,  as  the  colouring  matter  is  deposited 
IXthe  bonelus  S  the  bone,  especially  in  the  growing  and  last  formed  P^^-  J^ton  f 
shtll  of  the  egg  becomes  coloured.  4.  The  contuiued  use  of  lactic  acid  disso  yes  the  bones 
The  ash  of  boSe  is  thereby  diminished.  If  lime-salts  be  withhe  d  at  the  same  time,  the  effect 
is  greatly  increased,  so  that  the  bones  come  to  resemble  rachitic  bones.  (Development  of  Bone, 
§  447-  ) 

When  a  lost  tissue  is  not  replaced  by  the  same  kind  of  tissue,  its  place  is  always 
taken  by  cicatricial  connective-tissue. 

When  this  is  the  case,  the  part  becomes  inflamed  and  swollen,  owing  to  an  exudation  of 
plasma.  The  blood-vessels  become  dilated  and  congested,  and,  notwithstandmg  the  slower 
circulation,  the  amount  of  blood  is  greater.  The  blood-vessels  are  lucreased,  owing  to  the 
formation  of  new  ones.  Colourless  blood-corpuscles  pass  out  of  the  vessels  and  reproduce  them- 
selves, and  many  of  them  undergo  fatty  degeneration,  whilst  others  take  up  nutriment  and 
become  converted  into  large  uninucleated  protoplasma  cells,  from  which  giant  cells  are  developed. 
The  newly  formed  blood-vessels  supply  all  these  elements  with  blood, 

245  TRANSPLANTATION  OF  TISSUES. —The  nose,  ear,  and  even  a  finger,  after  having 
been  severed  from  the  body  by  a  clean  cut,  have,  under  certain  circumstances,  become  united 
to  the  part  from  which  they  were  removed.  The  sMn  is  frequently  transplanted  by  surgeons, 
as,  for  example,  to  form  a  new  nose.  The  piece  of  skin  is  cut  from  the  forehead  or  arm  to 
which  it  is  left  attached  by  a  bridge  of  skin,  is  then  stitched  to  the  part  which  it  is  desired  to 
cover  in,  and  when  it  has  become  attached  in  its  new  situation,  the  bridge  ot  skiu  is  severed. 
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Rcvovdin  cut  a  piece  of  skin  into  pieces  about  the  size  of  a  ])ea  and  fixed  theia  on  an  ulcerated 
surface,  where  they,  as  it  were,  took  root,  grew,  and  sent  olf  from  tlieir  margins  epithelial  out- 
growths, so  that  ultimately  the  whole  surface  was  covered  with  epithelium.    [White  skin 
transplanted  to  a  negro  ultimately  becomes  jiigmcntcd,  and  l)lack  skin  transplanted  to  a  white 
person  becomes  white.]    The  excised  s?)im-  of  a  cock  was  transplanted  and  fixed  in  the  comb  of 
the  same  animal,  whore  it  grew  {John  Hunlcr).    P.  Bert  cut  oil  the  tail  and  legs  of  rats  and 
transplanted  them  under  the  skin  of  the  back  of  other  rats,  where  they  united  with  the  adjoin- 
ing parts.    Oilier  found  tiiat,  when  periosteum  was  transplanted,  it  grew  and  reproduced  bone 
in  its  new  situation.    Even  blood  and  lymph  may  be  transfused  (Transfusion,  §  102),  [Small 
portions  (1'5  mm.)  of  epiphyses,  costal  cartilage,  of  a  rabbit  or  kitten,  when  transplanted  quite 
fresh  into  the  anterior  chamber  of  the  eye,  testis,  submaxillary  gland,  kidney,  and  under  the 
skin  of  a  rabbit,  attach  themselves  and  grow,  and  the  growth  is  more  rapid  the  more  vascular 
the  site  on  which  the  tissue  is  transplanted.    The  cartilage  is  not  essentially  different  from 
hyaline  cartilage,  but  the  cells  aio  fewer  in  the  centre,  while  the  matrix  tends  to  become  fibrous. 
Small  pieces  of  epiphysial  cartilage  introduced  into  the  jugular  vein  were  found  as  cartilaginous 
foci  in  the  lungs.    Tissues  transplanted  from  embryonic  structures  grow  far  better  than  adult 
tissues.    If  a  portion  of  the  cornea  of  a  rabbit  be  transplanted  to  a  human  eye,  provided 
Desceraet's  membrane  be  clear,  it  will  grow  and  remain  clear  {v.  Eippell).    A  rabbit's  nerve 
has  been  transplanted  to  the  human  subject,  but  without  success.] 

Many  of  these  results  seem  only  to  be  possible  between  individuals  of  the  same  species, 
although  Helferich  has  recently  found  that  a  piece  of  a  dog's  muscle,  when  substituted  for 
human  muscle,  united  to  the  adjoining  muscle,  and  became  functionally  active.  [J.  li.  Wolfe 
has  transplanted  the  conjunctiva  of  the  rabbit  to  the  human  eye.]  Most  tissues,  however,  do 
not  admit  of  transplantation,  e.g.,  glands  and  the  sense-organs.  They  may  be  removed  to 
other  parts  of  the  body,  or  into  the  peritoneal  cavity,  without  exciting  any  inflanunatory  re- 
action ;  they,  in  fact,  behave  like  inert  foreign  matter, 

246.  INCREASE  IN  SIZE  AND  WEIGHT.  —The  length  of  the  body,  which  at  birth  is  usually 
of  the  adult  body,  undergoes  the  greatest  elongation  at  an  early  period  :— in  the  first  year, 
20  ;  in  the  second,  10  ;  in  the  third,  about  7  centimetres  ;  whilst  from. five  to  .sixteen  years  the 
annual  increase  is  about  54  centimetres.  In  the  twentieth  year  the  increase  is  very  slight. 
From  fifty  onwards  the  size  of  the  body  diminishes,  owing  to  the  intervertebral  discs  becoming 
thinner,  and  the  loss  may  be  6  to  7  centimetres  about  the  eightieth  year.  The  weight  of  the 
body  (JLy  of  an  adult)  sinks  during  the  first  five  to  seven  days,  owing  to  the  evacuation  of  the 
meconium  and  the  small  amount  of  food  which  is  taken  at  first.  Only  on  the  tenth  day  is  the 
weight  the  same  as  at  birth.  w  -u- 

The  increase  of  weight  is  greater  in  the  same  time  than  the  increase  in  length.  \\  ithm  the 
first  year  a  child  trebles  its  weight.  The  greatest  weight  is  usually  reached  about  forty,  while 
towards  sixty  a  decrease  begins,  which  at  eighty  may  amount  even  to  6  kilos.  The  results  of 
measurements,  chiefly  by  Quetelet,  are  given  in  the  following  table  :— 


Age. 

Length  (Cmtr.). 

Weight  (Kilo.). 

Woman. 

Man. 

Woman. 

Man. 

0 

49-6 

48-3 

3-20 

2-91 

1 

69-6 

69-0 

10-00 

9-30 

2 

79-6 

78-0 

12-00 

11-40 

3 

86-0 

85-0 

13-21 

12-45 

4 

93-2 

91-0 

15-07 

14-18 

5 

99-0 

97-0 

16-70 

15-50 

6 

104-6 

103-2 

18-04 

16-74 

7 

111-2 

109-6 

20-16 

18-45 

8 
9 

117-0 

113-9 

22-26 

19-82 

1-22-7 

120-0 

24-09 

22-44 

10 

128-2 

124-8 

26-12 

24-24 

11 

132-7 

127-5 

27-85 

26-25 

12 

135-9 

132-7 

31-08 

30-64 

13 

140-3 

138-6 

35-32 

34-65 

14 

148-7 

144-7 

40-50 

38-10 

Age. 

Length  (Cmtr.), 

Weight  (Kilo.). 

Woman. 

Man. 

Woman. 

Man. 

15 

155-9 

147-5 

46-41 

41-30 

16 

161-0 

150-0 

53-39 

44-44 

17 

167-0 

154-4 

.57-40 

49-08 

18 

170-0 

156-2 

61-26 

53-10 

19 

170-6 

63-32 

20 

171-1 

157-0 

65-00 

54-46 

25 

172-2 

157-7 

68-29 

55-08 

30 

172-2 

157-9 

68-90 

55-14 

40 

171-3 

155-5 

68-81 

56-65 

50 

167-4 

153-6 

67-45 

58-45 

60 

163-9 

1.51-6 

65-50 

56-73 

70 

162-3 

151-4 

63-03 

53-72 

80 

161-3 

150-6 

61-22 

51-52 

90 

57-83 

49-34 

(Chiefly  from  Quetelet.) 


niuih  yeaTunttUhe  thirteenth  to  the  sixteenth.  The  full  stature  is  reached  about  tluitj ,  but 
not  the  greatest  weight. 
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General  View  of  the  Chemical  Constituents  of 
the  Organism. 

OA7  rA^  INORGANIC  CONSTITUENTS. -I.  Water  forms  58*5  per  cent,  of  the  whole 
,  ^I'Jif  opon^  in  dillei-ent  quantity  in  the  diUcrent  tissues.  The  kidneys  contain  the 
body,  but  It  cent.;  teeth,  10  per  cent.;  while  enamel  contains 

rL"?  JeJ  Tnt.  (1  229^  AccordW  to  some  obs'erve/s,  peroxide  of  hydrocjcn  (H,0,)  is 
also  present  in  the  bo.ly^  about  two-thirds  of  the  weight  of  the  body,  so  that  a  body 

Jitl^KsSk'f^^  kilos.  (110  lbs.) °of  water.    The  following  table, 

rofflfrom  Beaunis,  shows  the  percentage  of  water  m  several  tissues  and  organs  :- 

Solids. 


Tissue  or  Oi'gan. 

Enamel, 

Dentine, 

Bone, 

Fat, 

Elastic  tissue, 
Cartilage, 
Liver,  . 


Blood, 

Bile, 

Milk, 


Wiiter. 

•2 
10-0 
48-6 
29-9 
49'6 
55 -0 
69-3 


Solids. 
99-8 
90-0 
51-4 
70-1 
50-4 
45-0 
30-7 


Tissue  or  Organ. 
Spinal  cord,  . 
White  matter 
of  brain,  . 
Skin,  . 
Brain,  . 
Muscles, 
Spleen, 


Water. 

Solids. 

69-7 

30-3 

70-0 

30-0 

72-0 

28-0 

75-0 

25-0 

75-7 

24-3 

75-8 

24-2 

Liquids. 


Chyle, 


79-1 

20-9 

Lymph, 

95-8 

86-4 

13-6 

Serum,  . 

95-9 

89-1 

10-9 

Gastric  juice,  . 

97-3 

90-1 

9-9 

Intestinal  juice. 

97-5 

92-8 

7-2 

Tears,  . 

98-2 

4-2 
4-1 
2-7 
2-5 
1-8 


Tissue  or  Organ.     Water.  Solids. 

Thymus,        .     77-0  23.0 

Connective-      i  79-6  20-4 

tissue         .  \ 

Kidney,.       .     827  17-3 

Grey  matter  of  )  gg  .g  ^^.g 

brain,.       .  \ 

Vitreousliumour,  98  7  1  "3 


Aqueous  humour,98'6  1'4 

Cerebro-spinal     98-8  1-2' 
fluid. 

Saliva,  ,       .      99*5  0-5 

Sweat,  .       .99-5  0-5 


Marsh  gas  CH4  (§  124),  NH3  (§  30, 


n.  Gases.— 0, -ozone  (§  37)-H,-N-CO,  (§  38). 

S  124,  §  184),  HoS  (§  184).  .  .      ,  , 

in  Salts  —Sodium  chloride  [is  one  of  the  most  important  inorganic  substances  present  m 
the  body  It  occurs  in  all  the  tissues  and  fluids  of  the  body,  and  plays  a  most  prominent  part 
in  connection  with  the  difi'usion  of  fluids  through  membranes,  and  its  presence  is  necessary  lor 
the  solution  of  the  globulins  (p.  376).  Sometimes  it  exists  in  a  state  ot  combination  with 
proteid  bodies,  as  in  the  blood-plasma.  Common  salt  is  absolutely  necessary  for  one  s  existence  : 
if  it  be  withdrawn  entirely,  life  soon  comes  to  an  end.  About  15  grammes  are  given  ott  m 
twenty-four  hours,  chiefly  by  the  urine.  Boussingault  showed  that  the  addition  of  common 
salt  to  the  food  of  cattle  greatly  improved  their  condition]. 

[Calcium  phosphate  (CaaP^Og)  is  the  most  abundant  salt  in  the  body,  as  it  forms  more  than 
one-half  of  our  bones,  but  it  also  occurs  in  dentine,  enamel,  and  to  a  much  less  extent  m  the 
other  solids  and  fluids  of  the  body.  Amongst  secretions,  milk  contains  relatively  the  largest 
amount  (272  per  cent.).  In  milk  it  is  necessary  for  forming  the  calcareous  matter  of  the  bones 
of  the  infant.  It  gives  bones  their  hardness  and  rigidity.  It  is  chiefly  derived  from  the 
food,  and,  as  only  a  small  quantity  is  given  off  in  the  excretions,  it  seems  not  to  undergo  rapid 
removal  from  the  body.] 

[Sodium  phosphate  (PNasOj),  acid  sodiuvi  liliosDliatc  (PNa.iHOj),  add  iMassiuin  j^hospliate 
(PK2HO4).  The  sodium  phosphate  and  the  corresponding  potash  salt  give  most  of  the  fluids 
of  the  body  their  alkaline  reaction.  The  alkaline  reaction  of  the  blood-plasma  is  partly  duo  to 
alkaline  phosphates,  which  are  chiefly  derived  from  the  food.  The  acid  sodium  phosphate  is  the 
chief  cause  of  the  acid  reaction  of  the  urine.  A  small  quantity  of  phosphoric  acid  is  formed  in 
the  body  owing  to  the  oxidation  of  lecithin,  which  contains  phosphorus.] 

[Sodium  carbonate  (NajCOg)  and  sodium  bicarbonate  (NaHCO^)  exist  in  small  quantities  lu 
the  food,  and  are  formed  in  the  body  from  the  decomposition  of  the  salts  of  the  vegetable  acids. 
They  occur  in  the  blood-plasma,  where  they  play  an  important  part  in  carrying  the  CO.^  from 
the  tissues  to  the  lungs.  ]  ... 

[Sodium  and  potassium  sulphates  (NajSOj  and  K3SO4)  exist  in  very  small  quantity  in  the 
body,  and  are  introduced  with  the  food,  but  part  is'formed  in  the  body  from  the  oxidation  of 
organic  bodies  containing  sulphur.] 

[Potassium  chloride  (KCl)  is  pretty  widely  distributed,  and  occurs  specially  in  muscle, 
coloured  blood-corpuscles,  and  milk.    Calcium  fluoride  (CaFl„)  occurs  in  small  (piantity  in 
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bones  and  teotli.  Calcium  carbonate  (CnCO;,)  is  associated  with  calcium  jthosphate  in  bone, 
tooth,  and  in  some  fluids,  but  it  occurs  i)i  relatively  much  sninlk-r  amount.  It  is  kept  in 
solution  bj'  alknlino  chlorides,  or  by  the  presence  of  free  carbonic  acid.  Ammonium  chloride 
(NH^Cl).— Minute  traces  occur  in  the  gastric  juice  and  the  urine.  Magneeium  phosphate 
(MgaPOj)  occurs  along  with  calcium  phosphate,  but  in  very  nmch  smaller  ijuuntity.] 

Table  by  Beaunis  of  the  relative  proportions  of  Salts. 


Sodic  chloride, 
Potassic  chloride. 
Soda,  .... 
Potash,  .... 
Lime,  .... 
Magnesia,        .       .  . 
Ferric  oxide,  . 
Chlorine, 
Fluorine, 

Phosphoric  acid  (free), 

Phosphoric  acid  (combined), 

Sulphuric  acid, 

Carbon  dioxide, 

Silicic  acid. 

Ferric  phosphate,  . 


Helntz. 

Stnffel. 

Breed. 

(Jidtmann. 

C.  Schmidt. 

Otdtinanii. 

lione. 

Miiacle  of 

Cttlf. 

Itruin. 





10-59 

4-74 

13-0 

37-58 
1-22 

2-35 
34-40 
1-99 
1-45 

10-69 
34-42 

0-  72 

1-  23 

14-51 
25-23 
3-61 
0-20 
2-74 
2-58 

19-5 
1-3 
1-9 
1-9 
3-2 

44-33 

9-60 
7-48 
0-49 
7-28 
0-54 

1-66 
53  -31 

48-13 

9-15 
39-02 
0-75 

50-18 
0-92 

48-5 
1-4 

27-10 
2-54 

5-47 

6-81 

6-12 
1-23 

6-27 

6-17 
... 

Table  by  Beaunis  of  the  Mineral  Matter  in  Animal  Fluids. 


Verdeil. 

Weber. 

Weber. 

Dalin- 
hardt. 

Porter. 

Wilder- 
stein. 

Rose. 

Porter. 

Blood. 

Blood- 
serum  . 

Blood. 

Lymph. 

Urine. 

Bulk. 

Bile. 

Faices. 

Sodic  chloride, 
Potassic  chloride, 
Soda,     .    .  . 
Potash,  .    .  . 
Lime, 

Magnesia,    .  . 
Ferric  oxide,  . 
Phosjilioric  acid. 
Sulphuric  acid. 
Carbon  dioxide. 
Silicic  acid. 

58-81 

4-15 
11-97 
1-76 
1-12 
8-37 
10-23 
1-67 
1-19 

72-88 

12-93 
2-95 
2-28 
0-27 

0-  26 

1-  73 

2-  10 
4-40 
0-20 

17-36 
29-87 
3-55 
22-36 
2-58 
0-53 
10-48 
10-64 
0-09 
2-17 
0-42 

74-48 

10-35 
3-25 
0-97 
0-26 

0-  50 

1-  09 

8-20 
T27 

67-28 

1-33 
13-64 
1-15 
1-34 

li'-k 

4-06 

10-73 
26-33 

21-44 

18-  78 
0-87 
0-10 

19-  00 
2-64 

27-70 

30-73 
4-80 
1-43 
0-53 
0-33 

10-  45 
6-39 

11-  26 
0-36 

4-  33 

5-  07 

6-  10 
26-40 
10-54 

2-  50 
36-03 

... 

3-  13 

IV.  Free  Acids. -Hydrochloric  acid  (HCl)  [occurs /rcc  in  the  f  ^"/,^^'^^jfo'uisTi^^^ 
tion  with  the  alkalies  it  is  widely  distributed  as  chlorides]     Snlphxmc  acid  H  SO,^       a^  to 
occur  free  in  the  saliva  of  certain  gasteropods,  as  Doliura  galea.    In  the  bodj  it  loim=>  siupnates, 
chiefly  in  combination  with  soda  and  potash].  _  integral 

V  Bases. -Smcon  as  silicic  acid  (SiO,) ;  manganese,  iron,  the  last  foims  an  integral 
constituent  of  hemoglobin  ;  copper  (?),  (§  174). 

OA«  (B)  OEGANIC  COMPOUNDS.— I.  The  Albuminous  oh  P^ioteid  Subst.vnces  — (1) 
Tr?e  Protelds  and  their  Allies  are  composed  of  0,  H,  0,  N,  and  S,  and  are  ^^e"^:?^  f«>'^  Pl'^"'^ 
[The  formation  of^lbunun  from  the  elements  -  on  bj^ 

plants.  What  the  chemical  processes  are  is  quite  unknown         °"^y  piibably  not 

«r«t  instance  obtained  from  the  nitric  acid  or  ammonia  of  the  soil.    Uic  loiinei  J 
rirefrdSra^-ch,  but  serves,  perhaps,  for  ^^r^^^^-^:^^^' 
which,  by  the  action  of  non-nitrogenous  bodies,  protcids  aie  foimed.J 
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TAccording  to  Hoppc-Seyler  their  general  percentage  composition  is 

on.       N.  c. 

■n,  00-9       6-9       15-2       51-5  0-3 

IT    :       :    '^3  5  to  7-3  to  17-0  to  54-5  to  2-0.] 

•     1  (ImMs  niifl  iissues  partly  in  the  fluid  form,  although  Briicke 
They  exist  in  almost      ^''f  ox  s ts  if  rco  iditiL  midway  between  a  state  of  imbibi- 

,.aint<^ins  that  the  °f  J  ""j   ^rn  oi  " concentrated  condition,    liesides  forming  the 

tion  and  a  true  so|utiou-and  pai  tly  ni  a  m^^  ^^^^  j,^^.^^^  ^j.  ^j^^  ^^^^^^  including 

cliief  part  of  muscle,  nerve,  ""J  9  f  ^'  traces  occur  in  the  sweat,  while  they 

the  biood,  ^pn^Y'fnTlZl  ti^nSi  Unbo  led  white  of  egg  is  the  type.  In  the  ali- 
ai-e  absent  trom  the  bile  and  f .°  "i"^;.  J'      ^1,^  d^ief  products  derived  from  their  oxida- 

sShrsLtSy™ :  oof  LCi^^^^^^^^^  " 

distiuct  conditions  partly  loosely  combined  so  ^.     ^    p^^^  ^t  of  the  N  in  living 

composed,  and  partly  in  a  more  °''VLfe''°;,  p^rts  Pflliger's  View  that  the  molecule 

proteid  bodies  exists  m  the  onn  o  cy^^^^^^  g^^^^  ^^^^  ^j,,  ji^j 

of  living_  (active)  albumin  d iff  s  /^^te  alkaline  solutions,  which  dead  protoplasm 

plasm  of  certain  algre  can  reduce  siivei      ve  y  u  complex  one  ;  a  small  part  of  the 

Lnnot  do,]    The  P^^f  ^^ant  (-'^^^'^  "^TT  ^""^P^^^"" 

molecule  IS  composed  of  substa^^^^^^^^  I    ^^^^^^^  belongs  to  the /««2/  bodies;  during 

ous  during  P'itref^°t\°"  '  ^/JS  especially  are  developed.  Carbohydrates  may  also  appear 
the  oxidation  of  f  XX^^^^^^^^  cUi  ing  digestion  see  §  170,  and  during 

as  decomposition-products.  ?  ^^^^^f 'l^TP"''^^^^^^^^  of  closely  related  substances,  all  of  which 
pntrefaction  §  \84-  Jhe  in-°to^^^  ^Lelher  that  the  infant  manufactures 

m:Jt^re;;lSforits°et%r;^^^^         fvom  the  casein  in  milk,  this  last  view  seems  not 

^7ra?acters.-Proteids,  the  anhydrides  of        -3       66)  a^^ 

do  not  dift-use  easily  ?"--g^^.Sfv"s"m^^^^^^^^  "theTarfin  olubTe  in  water  ;  insolubi;. 

and  hence  are  isolated  with  difficulty  ,  some  aie  som  me  oi  _ 

in  alcohol  and  ether  ;  -t^t^^;--'^;^^^^^^^^^^^^  from  Ihf  ir  solu- 

tit"°Ly^°i?ctSlatId"  brhT^^^^^  acids,  and  tL  pl-olongcd  action  .of  alcohoL 

Sskc  alkalies  Sve  them  (yellow),  and  from  this  solution  they  are  precipitated  b 
Ss!    By  powerful  oxidising  agents  they  yield  carbamic  acid,  guanidm,  and  volatile  fattj 

'""Decomposition  -[The  number  and  varieties  of  these  products  are  ex-ceedingly  great,  so 
that  it Tnorea^y  to  separate  the  several  products.    In  the  first  place,  there  is  great  diffi- 
cultv  in^eUinrL  sufficient  quantity  a  perfectly  pure  proteid,  wherewith   o  ms  itute  the 
nSsa  T  exiS^^^^         The  decomposition-products  of  albumin  when  acted  on  by  barium 
rdrate^raTren  most  fully  investigated.      The  action  of  concentrated  HCl,  potass  c 
neimanVnate  and  bromine  has  also  been  studied.    The  action  of  the  animal  or  vegetable 
Ktive  foment    i   very  important  (§  170),  and  specially  that  of  bacteria  causing  pntre- 
factTon  (§  184).]     When  acted  upon  in  a  suitable  manner  by  acids  and  alkalies^  they 
Sve  rise  to  the  decomposition-products-leucin  (10  to  18  per  cent  ),  tyrosin  (0  25  to  2 
pel  cent  )   aspartic  acid,  glutamic  acid,  and  also  volatile  fatty  acids  benzoic  and  hydro- 
cyanic adds  and  aldehydes  of  benzoic  and  fatty  acids  ;  also  indol  {maszioctz,  Hchcrniann). 
SimX-  products  are  formed  during  pancreatic  digestion  (§170   and  during  putrefaction 
?S  iS  ^[Although  it  is  assumed  that  the  proteids  have  the  closest  relation  to  nrea,  no 
one    so  far,  has  succeeded  in  preparing  urea  by  the   direct  decomposition  of  albumin 
Both  by  the  action  of  acids  and  barium  hydrate,  the  splitting  up  mt^  simpler  compomids 
does  not  take  place  at  once,  but  by  successive  stages,  one  to  the  forniation  of  diflerei^^ 
bodies.    Proteids,  when  fully  decomposed,  either  by  acids  or  alkalies,  yield  as  the  hnai  pro- 
ducts ammonia,  and  amido-acids  ;  by  alkalies  also  carbonic    f^ti^,  and  oxalic  acids.  The 
amido-acids  contain  several  series  including  leucin,  tyrosin,  and  glutamic  acid.    But  all  pioteids 
do  not  yield  these  three  bodies,  for  tyrosin  may  be  absent,  while  leucin,  so  far,  has  been  always 
found     It  has  therefore  been  attempted  to  classify  proteids  into  those  that  yield  tyrosin  (^.c. 
aromatic  compounds)  and  those  that  do  not.    Classes  I.-VIL,  p.  376,  yield  when  deconipose.l 
aromatic  bodies  (tyrosin,  indol,  phenol),  while  gelatin-yielding  bodies  and  spongui  yield  no 

'"'General  Keactions.—(] )  Xanthoproteic  Reaction.— Heated  with'strong  nitric  acid  they  give  a 
yellow,  the  addition  of  ammonia  gives  a  deep  orange  colour.  ,         xi  •  t.  u 

(2)  With  Millon's  reagent  they  give  a  precipitate,  and  when  heated  with  this  reagent  aDove 
60°''c.  they  give  a  red  one,  probably  owing  to  the  formation  of  tyrosin.    [If  the  proteids  arc. 
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present  in  Itivgo  amount,  a  rod  precipitate  occurs,  but  if  mere  traces  are  present  only  the  fluid 
hocomes  red.  ] 

(3)  The  addition  of  a  few  drops  of  a  dilute  solution  of  cupric  sulphate,  and  the  subsequent 
addition  of  caustic  potash  or  soda,  give  a  violet  colour,  wliich  dcopuns  on  boiling ;  [the  same 
colour  is  obtained  by  adding  a  few  drops  of  Fehliug's  solntiofi  (biuret-reaction)]. 

(4)  They  are  ]u-eeipitnted  after  strong  acidulation  byai:etic  acid  and  by  potassium  ferrocyanide. 

(5)  When  boiled  with  concentrated  hydrochloric  acid,  they  give  a  violet-red  colour  (Lieber- 
mann's  reaction). 

(6)  Sulpliuric  acid  containing  molybdic  acid  gives  n  blue  colour  (Frohde). 

(7)  Their  solution  in  acetic  acid  is  coloured  violet  with  concentrated  sulphuric  acid,  and  shows 
the  absorption-band  of  hydrobilirubin  [AdamJcieioic^). 

(S)  Iodine  is  a  good  nucroscopie  reagent,  which  strikes  a  brownish-yellow,  while  sidphuric 
ncid  and  cane-sugar  give  a  purplish-violet  {E.  HchuUze). 

[(9)  When  rendered  strongly  acid  with  acetic  acid  and  boiled  with  an  equal  volume  of  a  con- 
centrated solution  of  sodic  sulphate,  they  are  precipitated.  This  method  is  used  for  removing 
proteids  from  other  liquids,  as  it  does  not  interfere  with  the  presence  of  other  substances. 
Saturation  with  sodio-magnesic  sulphate  precipitates  the  proteids,  but  not  peptones,  and  the 
same  is  the  case  with  saturation  with  neutral  ammonia  sulphate  (§  249).] 

[(10)  The  precipitation  of  albumin  by  acids  is  more  delicate  when  the  acid  is  dissolved  in 
alcohol  containing  10  per  cent,  of  ether  ;  the  precipitate  is  not  dissolved  by  an  excess  of  the 
reagent.] 

[(11)  Most  of  them  are  precipitated  by  strong  mineral  acids,  and  metaphosphoric  acid,  tannic 
acid  (in  an  acid  solution),  phospho-wolframic  and  phospho-molybdic  acids  (in  acid  solution); 
potassio-mercuric  iodide  (in  acid  solutions);  many  metallic  salts,  e.g.,  of  Cu,  Pb,  Ag,  Hg;  chloral, 
phenol,  trichloracetic  acid,  picric  acid,  alcohol.  Taurocholic  acid  precipitates  albumin  and  syn- 
toniu,  but  not  peptone  or  hemi-albumose  (§  275).] 

249.  THE  ANIMAL  PEOTEIDS  AND  THEIR  CHAEACTERS. —Class  I.— Native  Albumins 

occur  in  a  natural  condition  in  animal  solids  and  fluids.  They  are  soluble  in  water,  and  are 
not  precipitated  by  alkaline  carbonates,  NaCl,  or  by  very  dilute  acids.  Their  solutions  are 
coagulated  by  heating  at  65°  to  73°  C.  Dried  at  40°  C,  they  yield  a  clear,  yellow,  amber-coloured, 
friable  mass,  "soluble  albumin,"  which  is  soluble  in  water. 

(1)  Serum-albumin  (§  32  and  §  41).— [Its  specific  rotatory  power  is -56°.]  Almost  all  its 
salts  may  be  removed  from  it  by  dialysis,  when  it  is  no  longer  coagulated  by  heat.  _  It  is 
coagulated  by  strong  alcohol ;  and  not  very  readily  precipitated  by  hydrochloric  acid,  while  the 
precipitate  so  formed  is  easily  dissolved  on  adding  more  acid.  When  precipitated,  it  is  readily 
soluble  in  strong  nitric  acid.  It  is  not  coagulated  when  shaken  up  with  ether.  The  addition 
of  water  to  the  hydrochloric  solution  precipitates  acid-albumin.  For  its  presence  in  urine, 
§  264. 

(2)  Egg-albumin.  ^When  injected  into  the  blood-vessels  or  under  the  skin,  or  even  when 
introduced  in  large  quantity  into  the  intestine,  part  of  it  appears  unchanged  in  the  urine  (§  192, 
4,  and  §  264).  When  shaken  with  ether  it  is  precipitated.  These  two  reactions  serve  to  dis- 
tinguish it  from  (1).    The  specific  rotation  is -35-5°,  i.e.,  for  yellow  light.    Amount  of  S,  1-6 

per  cent.  ... 

(Metalbumin  and  Paralbumin,  have  been  found  by  Scherer  in  ropy  solutions  m  ovarian  cysts ; 
they  are  only  partially  precipitated  by  heat.  The  precipitate  thrown  down  by  the  action  of 
strong  alcohol  is  soluble  in  water. ) 

Class  11— Globulins  are  native  proteids,  insoluble  in  distilled  water,  but  soluble  in  dilute 
neutral  saline  solutions,  i.e.,  neutral  solutions  of  the  alkalies  and  alkaline  earths,  e.g.,  XaCl, 
KCl,  NH4CI,  MgS04,  (but  not  Na.,CO.j,  Na.,HPOi),  sodium  chloride  of  1  per  cent,  and  m 
magnesium  sulphate.  These  solutions  are  coagulated  by  heat,  and  are  precipitated  by  the 
addition  of  a  large  quantity  of  water.  Most  of  them  are  precipitated  from  their  sodium  chloride 
solution  by  the  addition  of  crystals  of  sodium  chloride,  and  also  hy  saturating  their  neutral 
solution  at  30°  with  crystals  of  magnesium  sulphate.  When  acted  upon  by  dilute  acids  they 
yield  acid-albumin,  and  by  dilute  alkalies,  alkali-albumin. 

(1)  Globulin  (Crystalliii)  is  obtained  by  passing  a  stream  of  CO.  through  a  watery  extract  of 

the  crystalline  lens.  •    xi,    i,  1  /9\ 

(2)  ViteUin  is  the  chief  proteid  in  the  yolk  of  egg.  It  is  also  said  to  occur  in  the  chyle  (?) 
and  in  the  amniotic  fluid  (  Wcyl).  Both  the  foregoing  are  not  precipitated  from  their  neutral 
solutions  by  saturation  with  sodium  chloride. 

(3)  Para-globulin  or  Serum-globulin  (§  29),  and  in  urine  (§  264). 

(4)  Fibrinogen  (§  29).— In  tlie  clear  jelly-like  secretion  of  the  vesiculi\!  seminales  ol  the 
<minea-picr,  there  is  a  globulin-like  body  closely  resembling  fibrinogen. "  It  contains  29  per  cent 
Sf  albumfn,  with  scarcely  any  ash.    If  it  be  touched  with  a  trace  of  blood-serum,  without 
mixinf  them,  it  gradually  and  completely  forms  a  solid  mass  quite  like  hbnn. 

(5)  Myosin  is  the  chief  proteid  in  dead  muscle.  Its  coagulation  in  muscle  ;ws^?«or/m  con- 
stitutes rigor  mortis.    If  muscle  be  repeatedly  washed,  and  afterwards  treated  with  a  10  per 
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ppnt  solution  of  soaium  or  ammonium  chlorido,  it  yields  a  viscid  fluid  which  wlion  dropi-ed 
cent.  °;^f°^^^^^^^  ,vater,  gives  a  white  iloccxilent  precipitate  of  myosin  It 

!fdsoVSrted^4ifitfS  solution  by  crystals  of  NaCl.    For  Kiihne's  and  other  methods 

*^%^)  Globin  (Pvcvcr),  the  proteid  residue  of  hremoglobin  (§  IS).  _ 
Class  III  -Derived  Albumins  (Albuminates). -(1)  Acid-albumm  or  Syntomn.-When  pro- 

teids  u-e  "ssolveTfn  the  stronger  acids,  e.g.,  hydrochloric,  they  become  changed  in  o  acid- 
albumins  The^^  ^ol"^^"^  ^'^'liti"'^  °^  "^^"y  chloride 
a  e  ate  or  phosphate!  or  b/ neutralisation  with  an  alkali,  e.g.,  sodic  carbonate  but  they  are  not 
SitateWheat  The  concentrated  solution  gelatinises  in  the  cold,  and  is  redissolved  by 
e^t  ^  SySonL  whi  is  obtained  by  the  prolonged  action  of  di  ute  hydrochloric  acid  (2  per 
MO)  upon  n^nced  muscle,  is  also  an  acid-albumin.  It  is  formed  also  in  the  stomach  during 
di  °estion  §  166,  I. ).  According  to  Soyka,  the  alkali-  and  acid-albumins  diHer  from  each  other 
only  in  so  far  as  the  proteid  in  the  one  case  is  united  with  the  base  (metal)  and  m  the  other 

^''^?2/AlkaU-albumin.— If  egg-  or  serum-albumiu  be  acted  upon  for  some  time  by  dilute 
alkalies  a  solution  of  alkali-albumin  is  obtained.    Strong  caustic  potash  acts  upon  white  ot 
eic  a  Id  yields  a  thick  jelly,  Lieberkiihn's  jelly     Tlie  solution  is  not  precipitated  by  heat  bu 
Iris  precipitated  by  the' addition  of  an  acid.    [Although  alkali-albumin  is  precipitate^ 
on  neitralisation,  this  is  not  the  case  in  the  presence  of  alkaline  phosphates,  e.g.,  sodic 

^'^"sTcWin  is  the  chief  proteid  in  milk  (§  231).  It  is  precipitated  by  acids  and  by  rennet  at 
40°  C  In  its  characters  it  is  closely  related  to  alkali-albuminate  but  it  contains  more  N  It 
contains  a  large  amount  of  phosphorus  (0-83  per  cent  ).  It  may  be  precipitated  from  mi  k  by 
diluting  it  with  several  times  its  volume  of  water  and  adding  dilute  acetic  acid,  or  by  adding 
magnesium  sulphate  crystals  to  milk  and  shaking  vigorously  Owing  to  the  large  amount  of 
pho^sphorus  which  it  contains,  it  is  sometimes  referred  to  the  nucleo-albumins  ^  it  is 

digested  with  dilute  HCl  (0-1  per  cent.)  and  pepsin  at  the  temperature  of  the  body,  itgiaduallj 
yields  nuclein. 

Class  IV.— Fibrin.— (§  27)  and  for  the  fibrin-factors  (§  29). 

Class  v.— Peptones.— For  peptones  and  propeptone  or  the  albumoses  (§  166,  I.) ;  in  urine 

<§  264).  , 
Class  VI— Lardacein  and  Other  Bodies.— There  fall  to  be  mentioned  the  " yelk-pla,tes  ' 
which  occur  in  the  yelk  :-IchtMn  (cartilaginous  fishes,  frog)  ;  Ichthidin  (osseous  fishes)  ; 
Ichthulin  (salmon)  ;  Emydin  (tortoise) ;  also  the  indigestible  amyloid  substance  or  lardacein, 
which  occurs  chiefly  as  a  pathological  infiltration  into  various  organs,  as  the  liver,  spleen 
kidneys,  and  blood-vessels.  It  gives  a  blue  with  iodine  and  sulphuric  acid  (like  cellulose),  and 
a  mahogany-brown  with  iodine.  It  is  difficult  to  change  it  into  an  albuminate  by  the  action  ot 
acids  and  alkalies. 

Class  Vn.—Coagidated  Proteids.— When  any  native  albumins  or  globulins  are  coagulated, 
€.(/.,  at  70°  C,  they  yield  bodies  with  altered  characters,  insoluble  in  water  and  saline  solutions, 
but  soluble  in  boiling  strong  acids  and  alkalies,  when  they  are  apt  to  split  up.  They  are  dis- 
solved during  gastric  and  pancreatic  digestion  to  produce  peptones. 

Appendix :  Vegetable  Proteid  Bodies.— Plants,  like  animals,  contain  proteid  bodies, 
although  in  less  amount.  They  occur  either  in  solution  in  the  juices  of  living  plants  or  in  the 
solid  form.    In  composition  and  reaction  they  resemble  animal  proteids. 

[The  characters  of  vegetable  proteids  have  a  great  resemblance  to  animal  proteids.  They 
have  frequently  been  obtained  in  a  crystalline  form,  e.g.,  from  the  seeds  of  the  gourd  and  various 
oleaginous  seeds.  They  occur  in  greatest  bulk  in  the  seeds  of  plants,  aleurone  grains  being  for 
the  most  part  composed  of  them.  In  seeds,  globulins  and  "vegetable  peptone"  form  the 
gi-eater  proportion  of  the  proteid  constituents.] 

[Globulins. — These  varieties  have  been  described  as  occurring  in  the  seeds  of  plants : — 
vegetable  myosin,  viteUin,  and  paraglobulin  [Martin).  They  have  practically  the  same  pro- 
perties as  those  found  in  the  animal  kingdom  :  vegetable  vitellin  has,  however,  not  been  suffi- 
ciently studied.  Paraglobnlin  has  been  found  in  papaw  juice  {Martin),  Myosin  occurs  in  the 
seed  of  leguminosie,  in  flour,  and  in  the  potato.] 

[Albumin. — The  existence  of  a  body  corresponding  to  egg-  or  serum-albumin  in  the  vege- 
table kingdom  is  doubtful  {Ritthaiiscn).  Such  a  body  has  been  described  in  papaw  juice 
{Martin).^ 

[Vegetable  Peptone  :  Albumoses. — A  true  peptone  has  not  yet  been  recognised  in  plants  : 
what  has  been  described  as  such  is  hemi-albumose  ( Vines).  Albumoses  have  been  found  in  the 
.seeds  of  leguminosaj,  in  flour,  and  in  papaw  juice.  In  the  last,  two  forms  occur,  called  respec- 
tively o-  and  /3-  phytalbumose.  The  former,  o-phytalbumose,  agrees  with  the  hemi-albumose 
described  by  Vines,  being  soluble  in  cold  and  boiling  water  ;  giving  also  a  biuret-reaction,  and 
a  precipitate  by  saturation  with  sodium  chloride  only  in  an  acid  solution.  The  latter,  0-phytal- 
bumose,  is  soluble  in  cold,  but  not  in  bqiling,  distilled  water  ;  hence  it  is  precipitated  by  heat. 
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It  is  also  renilily  thrown  down  by  saturation  with  sodium  chloride,  and  gives  a  faint  biuret- 

roiictiou  (i/«W.i)i.)-]  ,  .    .    ,.  ,  ,      i  ii  • 

[Vegetable  Casein  is  said  to  occur  in  the  seeds  of  leguniinosas ;  and  it  is  slightly  soluble  in 
water,  but  readily  so  in  weak  alkalies  and  in  solutions  of  basic  calcic  phosphate.  A  solntion  of 
this  body  is  precipitated  by  acids  and  rennet.  Two  varieties  have  been  described,— (o)  legumin, 
in  peas,  beans,  lentils  ;  acid  in  reaction,  soluble  in  weak  alkalies  and  very  dilute  HCl  or  acetic 
acid  ;  (jS)  conglutin,  a  very  similar  body  occurring  in  hops  and  almonds.  The  existence  of 
veo'etable  casein  is  denied.  Vines  states  that  both  leguniiu  and  conglutin  are  artificial  products, 
beuig  formed  I'roin  the  globulins  present  by  the  dilute  alkali  used  in  extraction  of  the  proteids. 
This"is  denied  by  rdtthaiisen.]  ,.  . 

[Gluten  and  aiutin.— Gluten  is  readily  prepared  from  flour  by  washing  and  kneading  it  in  a 
muslin  bag  under  a  stream  of  water.    So  prepared  it  is  yellowish-brown  in  colour,  very  sticky, 
and  capable  of  being  drawn  out  into  long  shreds.    It  is  insoluble  in  water,  soluble  (but  not 
completely)  by  prolonged  action  in  dilute  acids  and  alkalies  ("2  per  cent.  KHO  and  HCl).  Ihe 
prolonged  action  of  alcohol  (80  to  85  per  cent.)  dissolves  part  of  the  substance  of  gluten,  leaving 
a  residue,  called  by  Liebig  plant-librin  and  by  Ritthauscn  gluten-casein.    The  alcohol  contains 
gliadin  (glutin),  gluten-fibrin,  and  mucedin.   Gmten-casein  is  readily  soluble  in  dilute  alkalies, 
almost  insoluble  in  dilute  acetic  acid,  and  quite  insoluble  in  cold  and  boiling  water  ;  the  pro- 
ducts of  its  decomposition,  by  heating  with  H^SO.,,  are  leucin,  tyrosin,  glutamic,  and  aspara- 
ginic acids.    The  three  bodies  dissolved  from  glutin  by  alcohol  differ  chiefly  m  their  solubility 
in  alcohol  and  water.    Gluten-fibrin,  the  least  soluble,  is  coagulated  by  the  action  of  absolute 
alcohol :  it  is  readily  soluble  in  dilute  acids  and  alkalies,  being  precipitated  by  neutralisation. 
Gliadin  (glutin,  plant-gelatin)  maybe  prepared  by  boiling  gluten  with  water :  it  deposits  on 
cooling  the  solution.    Though  soluble  in  water  at  100°  C.  at  first  ,t  becomes  insoluble  by  the 
prolonged  action  of  water  at  that  temperature.    It  is,  like  gluten -fibrin,  soluble  m  dilute  acids 
and  alkalies.    Mucedin  differs  from  gliadin  in  being  less  soluble  in  strong  alcohol     The  watei 
used  in  washing  the  flour  in  the  preparation  of  gluten  contains  hemi-albumose  (  r«i«*)and  a 
globulin  ( JVeyl).  Rye-Hour,  as  well  as  wheaten,  yields  gluten  under  similar  treatment  with  w  ater.  1 
[Nitrogenous  GrystaUine  Principles. -Leucin,  tyrosin,  asparagm,  and  glutamic  acid  ha%e- 
been  found  in  the  seeds  of  plants.] 

9 tin  f2^  THE  ALBUMINOIDS.— These  substances  clcsely  resemble  true  proteids  in  tlieir 
composition  and  origin,  and  are  amorphous  noU-crystalline  colloids  ;  some  of  them  do  not  con- 
tain^S  but  the  most  of  them  have  not  been  prepared  free  from  ash.  Their  Reactions  and  de- 
composition-products closely  resemble  those  of  the  proteids  ;  some  of  them  produce,  in  addition 
to  leucin  and  tyrosin,  glycin  and  alanin  (amido-propionic  acid).  They  occur  as  organised  con- 
!titaents  of  the  tissue!  and  also  in  fluid  form.    It  is  unknown  whether  they  are  formed  by 

oxidation  from  proteid  bodies  or  by  synthesis.  vf„j^„^  f.n,T,  rtp  >snb 

1   Mucin  is  the  characteristic  substance  present  in  muenB.    That  obtained  from  the  sub 
maxillary  gland  contains-C  52-31,  H  7-22,  N  11-84,  0  28-63.    According  to  H™^*  " 
contains  S  I  -79  and  N  13  -5  per  cent.    It  dissolves  in  water,  making  it  sticky  or  si  my,  and  can 
rfilteml.     t  is  precipitate^d  by  acetic  acid  and  alcohol ;  and  the  alcohol  precipitate  is  agam 
solXle  in  water.    It  is^not  precipitated  by  acetic  acid  and  ferrocyanide  °  .  P°«^'„Jf 
and  other  mineral  acids  precipitate  it.    It  occurs  in  saliva  (§  146),  in  bile  in 
secretions  of  mucous  membranes,  in  mucous  tissue,  m  synovia,        m  t  ndons  Pa^^^^^^^ 
it  occurs  not  un  frequently  in  cysts;  in  the  animal  kingdom,  especially  in  snails  ana  in  tie 
skin  orholShur knr   It  yields  leucin  and  7  per  cent,  of  tyrosin  when  it  is  decomposed  by 
SobnU  bo  1  ng  w  th  sulphuric  acid.    [The'precipitate  called  mucm  has  not  always  the 
Lme  characters,  \nd,  in  fact,  it  diflers  according  to  the  animal  from  which  it  is  obtained 

^''rtSii  iMicscher,  §  198)-(C  29,  H  49,  N  9,  P  3,  0  p)-contains  phosphoric  ac^^^^^^ 
is  slic^htlv  soluble  in  water,  easily  in  ammonia,  alkaline  carbonates,  strong  HJJUs  ,  it  g'jes  ine 
billet  leLuon    no^  re  with  Millon's  reagent;  when  decomposed  it  yields  Phosphorus. 

T  occurs  S  tL'nn^^  and  blood-corpuscles  (§  22),  in  spermatozoids,  yelk-spheres  1  ver^ 

L™M  nSk,Teast,  fuligi,  and  many  se^ds     It  has  i-esemblances  to  «  ^^^^^^^ 
an  intermediate  product  between  albumin  and  lecithin  (ffo;.^-.-^^^^ 

artificial  digestion  of  pus,  when  it  remains  as  an  indigestible  residue  '^"f  J'f„Xd  Ltion 
a  I  alkaline^solution.    It  gives  a  feeble  xantho-proteic  reaction  ;  after  the  P'°1»"S^^  ^i  n  and 
alkalies  and  acid,  substances  similar  to  albumin  and  syntonin  are  formed.  Hypoxanthin 
euanin  have  been  obtained  as  decomposition-products  from  it  {Kosscl).  feathers) 
^  3   Keratin  occcurs  in  all  horny  and  epidermic  tissiics  (epidermic  f  ab^.  hans,  '^^^^^iJf™^ 

r  50-3-52-5  H  6-4-7,  N  16-2-17,  0  20-8-25,  S  0-7-5  per  cent. -is  soluble  in  boilin^  ta^^^^^^^^^ 
;;i^faHes,'but  swells  up  in  cold  concentrated  acetic  acid  m^^^^  c  ecomposed  by  H.SO,  it  jields 
10  per  cent,  leucin  and  3-6  per  cent  tyrosin.    Neuro-keratin  (f  f^l  „  „f 

4   Fibroin  is  soluble  in  strong  alkalies  and  muiera  acids,  in  ammmiio  snl]^na^^  ^ 
when  boiled  with  H..SO,  it  yields  5  per  cent,  tyrosin,  leucm,  and  glycin.    It  is  the 
stituent  of  the  cocoons  of  insects  and  threads  of  spiders. 
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5  Spongin,  allied  to  fibroin,  ocouvs  in  the  bath-spongo.  and  yields,  as  decomposition  pro- 

^^"f 'Elastt  'the  faSifSfSistanco  in  elastic  tissue,  is  soluble  only  when  boiled  in  con- 
JJtef  "ustSc  iSh-C  55-55-6,  H  7-l-7;7,  N.16-1-17-7,  0  19-2-21-1  per  cent.    It  yields 

'^*^^^ltin1'^uto^ot^S^  by  prolonged  boiling  with  .vater;  it 

7   Gelatm  (Glutin  ,  o^tamc^noi  .  ir-g-lS-S  S  +  0  23-5-25  (S  0-7  per  cent.), 

gelatinises  '\^^^'f^7-^^P^^^^^^^  to  contain  the  hypothetical  anhydride  coUagen. 

[The  It  rotates  the  ray  of  polarised  light  strongly 

while  the  ovgau  c  basis  o  ^^l^l^i  boiling  and  digestion,  it  is  converted  into  a  peptone-hke 
Jtrn^itone)  il  chl^^^^^       gelatinise  (1 161,  I.).    [It  swells  up  but  does  not  dis- 
body  (g'-^'^^i'^  ,  dissolved  in  warm  water,  and  tinged  with  Berlin  blue  or  carmine,  it 

L™V?ho  us^d  coiou^^^^^  is  employed  by  histofogists  for  making  fine  transparent 

•  •  f-nl  nf  lonrl  vessels!  A  body  resembling  gelatin  is  found  in  leukemic  blood  and  in 
Z  Sce  of  tfie  stleer  i"l037l  r  decomposed  with  sulphuric  acid  it  yields  glycin, 

the  juice  ot  tl  e      ^^'^b  i^^^     ;  precipitated  from  its  solution  by  alcohol,  mercuric 

nXliosp  or'S^^^^  acid,  tauroeholic  acid,  tannic  acid,,  but  the 

S  Sat^Sra  last  does  not  occur  when  salts  are  absent.    I  is  readi  y  soluble  in  di  ute 
even  In  acetic  acid.    AVhen  boiled  with  Millon's  reagent,  it  is  not  co  oured  red.    Wi  h 
ciiS  suTJhate  and  caustic  soda  it  gives  a  violet  colour  which,  on  boiling,  becomes  light  red. 
Tt  o-ives  no  colour  with  concenti-ated  H„S04  and  acetic  acid. J  _ 

8°  ChondSn  0  c„rs  in  the  matrix  of  hyaline  cartilage  and  between  the  fibres  in  Al^^o-cartalag^ 
It  is  obtained  from  hyaline  cartilage  and  cornea  by  boiling.  [Its  so  ntmns  gdatim^^^ 
coolincr  1  It  occurs  also  in  the  mantle  of  molluscs— C  49  5-50  9,  H  6  6-7  1,  iN  14  4  14  9,  b  +  y 
27  9>9  (S  0  4  per  cent. ).  When  boiled  with  sulphuric  acid  it  yields  eucin  ;  with  hydrochloric 
acid  fnd  when  digested,  chondro-glucose  (Jfmsncr) ;  it  belongs  to  the  glucosides,  which  con- 
?S  N  When  acted  upon  by  oxidising  reagents  it  is  converted  into  gelatin  {Bramc)  The 
ibstance  wS  yields  cLndrfn  is  called°chondrogen  which  is  perhaps  an  -^yd-^^  of  ^^^^^^^ 
drin  The  following  properties  of  gelatin  and  chondrin  are  to  be  noted  :-Gelatm  is  Precipi- 
taied  by  tannic  acid,  mercuric  chlodde,  chlorine  water,  platinic  chloride,  and  alcohol,  but  not 
bv  acids  alum,  or  salts  of  silver,  iron,  copper,  or  lead  ;  its  specific  rotation  is  =  - 130  .  [Oom- 
pL  £e  pTcipitants  with  those  of  albVmin.]  Chondrin  is  precipitated  by  acetic  a^d  and 
dilute  sulphuric  and  hydrochloric  acids,  by  alum,  and  by  salts  of  silver,  iron,  and  lead,  its 

'^9'' The  hySol^i^c^fe^^  have  recently  been  called  enzymes  by  W  Kuhne,  in  order  to 
distinguish  them  from  organised  ferments,  such  as  yeast.  The  enzymes  hydroly tic  or  organic 
fermeSts,  act  only  in  the  presence  of  water.  They  act  upon  certain  bodies,  causing  them  to 
take  up  a  molecule  of  water.  They  all  decompose  hydric  peroxide  into  water  a";i  0;  J  « 
most  active  between  30°  to  35°  C,  and  are  destroyed  by  boiling,  but  when  dry  they  may  be 
subjected  to  a  temperature  of  100°  without  being  destroyed.  Their  solutions,  if  kept  for  a  long 
time,  gradually  lose  their  properties  and  undergo  more  or  less  decomposition.  _ 

(a)  Sugar-forming  or  diastatic-ferment  occurs  in  saliva  (§  148),  pancreatic  juice  (§  170  , 
intestinal  juice  (§  183),  bile  (§  180),  blood  (§  22),  chyle  (§  189),_  liver  (§  174),  in  human  milk 
(S  231)  invertin  in  intestinal  juice  (§  183).  Almost  all  dead  tissues,  organic  fluids,  and  even 
proteids,  although  only  to  a  slight  degree,  may  act  diastatically.  Diastatic  ferments  are  very 
generally  distributed  in  the  vegetable  kingdom.  _  _  _ 

(&)  Proteolytic  or  ferments  which  act  upon  proteids.— Pepsin  in  gastric  jmce  and  in  muscles 

(§  166),  in  vetches,  myxomycetes  {Krukenbcrg),  trypsin  in  the  pancreatic  juice  (§  170),  a  similar 

ferment  in  the  intestinal  juice  (§  183),  and  urine  (§  264). 

(c)  Fat-decomposing  in  pancreatic  juice  (§  170),  in  the  stomach  (§  166).  ,     .  .-u 

{d)  Milk-coagulating  in  the  stomach  {§  166),  pancreatic  juice  (§  170),  and  perhaps  also  m  the 

intestinal  juice  (?)—(;r.  iJoiflrts).  •     w  -i  q 

[The  importance  of  fermentative  processes  has  already  been  referred  to  in  f.letail  under 

"  Digestion."    Ferments  are  bodies  which  excite  chemical  changes  in  other  matter  with  which 

they°are  brought  into  contact.    They  are  divided  into  two  classes  :— 

(1)  Unorganised  ;  soluble  or  non-living. 

(2)  Organised,  or  living.] 

[(1)  The  Unorganised  Ferments  are  those  mentioned  in  the  following  table.  They  seem  to  be 
nitrogenous  bodies,  although  their  exact  composition  is  unknown,  and  it  is  doubtful  if  they 
have  ever  been  obtained  perfectly  pure.  They  are  present  in  many  secretions,  and  nxa  iyroduccd 
within  the  body  by  the  vital  activity  of  the  protoplasm  of  cells.  They  are  termed  soluble 
because  they  are  soluble  in  water,  glycerin,  and  some  other  substances  (§  148),  w^hilo  they  can 
be  precipitated  by  alcohol  and  some  other  reagents.  They  do  not  multiply  during  their 
activity,  nor  is  their  activity  prevented  by  a  certain  proportion  of  salicylic  acid.  They  are 
not  affected  by  oxygen  subjected  to  the  compression  of  many  atmospheres  (P.  Bert).  They  are 
non-living.    Their  other  properties  are  referred  to  above.  ] 


380  UNOKGANISED  FERMENTS. 

[The  unorganised  ferments  present  in  the  body,  and  their  actions  ( JV.  lloherts) ; — 


Fluid  or  Tlasues. 

Kerniunt. 

Actions. 

Saliva,  . 

1.  Ptyalin  (§  148),  . 

Converts  starch  chiefly  into  maltose. 

Gastric  juice,  - 

1.  Pepsin  1 

2.  Milk-curdling, 

3.  Lactic  acid  ferment, 

4.  Fat-splitting,  . 

Converts  proteids  into  peptones  in  an  acid 
medium,  certain  bye-products  being 
formed  (§  166). 

Curdles  casein  of  milk. 

Splits  up  milk-sugar  into  lactic  acid. 

Splits  up  fats  into  glycerin  and  fatty  acids. 

r 

Pancreatic  \ 
juice, 

1.  Diastatic  or  amylopsin,  . 

2.  Trypsin,        .       .       .  | 

3.  Emulsive  (?),  . 

4.  Fat-splitting  or  steapsin, 

5.  Milk-curdling, 

Converts  starch  chiefly  into  maltose. 
Changes  proteids  into  peptones  in  an 

alkaline  medium,  certain  bye-products 

being  formed  (§  170). 
Emulsifies  fats. 

Splits  fats  into  glycerin  and  fatty  acids. 
Curdles  casein  of  milk. 

r 

Intestinal  J 
juice. 

1.  Diastatic,       .       .       •  | 

2.  Proteolytic,  . 

3.  Invertin, 

4.  Milk-curdling, 

Does  not  form  maltose,  but  maltose  is 

changed  into  glucose  (§  183). 
Fibrin  into  peptone  (?). 
Changes  cane-  into  grape-sugar. 
(?  in  small  intestine). 

Blood,  . 
Chyle,    .  . 
Liver  (?), 
Milk,  . 
Most  tissues,  . 

-  Diastatic  ferments. 

Muscle,  . 
Urine, 

Pepsin  and  other  ferments. 

Blood,  . 

Fibrin-forming  ferment. 

[(2)  The  Organised  or  living  ferments  are  represented  by  yeast  (§  235).  Other  living 
ferments  belonging  to  the  schizomycetes,  occurring  in  the  intestinal  canal  are  reierred  to  m 
S  184.  Yeast  causes  fermentation  by  splitting  up  sugar  into  COo  and  alcohol  (§  156),  but  this 
result  only  occurs  so  long  as  the  yeast  is  living.  Hence,  its  activity  is  coupled  with  the 
vitality  of  the  cells  of  the  yeast.  If  yeast  be  boiled,  or  if  it  be  mixed  with  carbolic  or  salicyhc 
acid,  or  chloroform,  all  of  which  destroy  its  activity,  it  cannot  produce  the  alcoholic  fermenta- 
tion! As  vet  no  one  has  succeeded  in  extracting  from  yeast  a  substance  which  will  excite  the 
alcoholic  fermentation.  All  the  organised  ferments  grow  and  multiply  during  their  activity  at 
the  expense  of  the  substances  in  which  they  occur.  Thus  the  alcoholic  fermentation  depen,^ 
upon  the  "  life  "  of  the  yeast.  They  are  said  to  be  killed  by  oxygen  subjected  to  the  compres- 
Zii  o  many  atmospheres  {P.  Bert).  But  it  is  important  to  note  tha  Hjpe-Sey"^ 
extracted  from  rfc«fZ>east  (killed  by  ether)  an  unorganised  ferment  which  can  change  cane- 

sugar  into  grape-sugar.]  ,  .  ■■    .  4.    n  rr  n  tct  onrl 

10  Hemoglobin,  the  colouring  matter  of  blood,  which,  m  addition^  to  C,  H  O,  ^,  and  b, 
contains  iron,  may  be  taken  with  the  albuminoids  (§  11).    [Hffimocyanin  (§  32).] 

(3)  Glucosides  containing  Nitrogen. 
In  addition  to  chondrin,  the  following  glucosides  containing  nitrogen,  when  subjected  to 
hydrolytic  processes,  may  combine  with  water,  and  form  sugar  and       r  substanccs:- 

prepared  by  W.  Miiller  is  a  mixture  of  three  bodies,  viz.,  cerebun,  homocereDrin, 

TroSgonLc  66-29,  PI  10-69,  N  2-39,  P  1-068,  per  cent.-occurs  in  nerves,  and  contains 

phosiihorus  (§  322).  crlucoside  containin^r  nitrogen,  and  occurs  in  the  cutaneous 

^^^^  if  ^SiJiSSf 

Zll  e  g.,  hydrochloric  or  nitric  acid,  but  insoluble  n  other  reagents. 

cSin  is  an  amin-derivative  of  a  carbohydrate  with  the  general  formula  u(C,.,HsoO,o)- 
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(Solauin,  amygdalia  (§  202),  and  saliciu,  &c.,  are 


hyalin  of  worms  is  closely  related  to  chitin. 
glucosides  of  the  vegetable  kiugdom.) 

(4)  Colouring  Matters  containing  Nitrogen. 

They  are  in  all  probability 
•  §  292,  a), 

(3)  Urine- 
Melanin— U44., J,  H3,  N,,.i„  Ojo-o— or  the  black  pigment,  which 


i^i)  uoiounng  iiiaiiLtJib  uuiiiitiuiug  xixkiugcu. 
Their  constitution  is  unknown,  and  they  occur  only  in  animals.  They  are  in  all  ] 
derivatives  of  hf^moglobin.  They  nre-(l)  hsematin  (g  18,  A),  myohsBniatm  (§  232, 
SrSmato  (§  103,  IV.),  and  h^matoidin  (§  20).  (2)  Bile-pigments  §  177,  3). 
pigments  (except  Indican).  (4)  Melanin-U^^.,,,  H^,  N,,  „,  0,,.o-or  the  black  pigmc  _ 
occurs  partly  in  epithelium  (choroid,  retina,  ins,  aud  m  the  deep  layers  of  epidermis  m 
coloured  races)  and  partly  in  connective-tissue  corpuscles  (Lamina  fusca  of  the  choroid). 
rTuracin  occurs  iu  the  red  feathers  of  Corythaix  Buironi  or  Plantain-Eater.  Its  ash  contains  nearly 
6  per  cent,  of  copper  (Ghurch).    The  reddish  spots  or  parts  of  feathers  burn  with  a  green  flame.] 

II.  Organic  Acids  free  from  Nitrogen. 
(1)  The  fatty  acids,  with  the  formula  CnH.2n-iO(OH),  occur  in  the  body  partly  free  and 
partlV  in  combination.  Free  volatile  fatty  acids  occur  in  decomposing  cutaneous  secretions 
(sweat)  In  combination,  acetic  acid  and  caproic  acid  occur  as  amido-compounds  in  glycin 
(  =  amido-acetic  acid)  and  leucin  ( =  amido-caproic  acid).  More  especially  do  they  occur  united 
with  glycerin  to  form  neuti'al  fats,  from  which  the  fatty  acid  is  again  set  free  by  pancreatic 

digestion  (§  170,  III.).  .  ^1     ^       i    n  tt     /-^/TTn^  1 

m  The  acids  of  the  acrylic  acid  series,  with  the  formula  C„H3-30(HO),  are  represented 
in  the  body  by  one  acid,  oleic  acid,  which  in  combination  with  glycerin  yields  the  neutral  fat 
olein. 

251  Fats  —(1)  Neutral  fats  occur  very  abundantly  in  animals,  but  they  also  occur  in  aU 
plants -"in  the  latter  more  especially  in  the  seeds  (nuts,  almonds,  cocoa  nut,  poppy),  more 
rarelv  in  the  pericarp  (olive)  or  in  the  root.  They  are  obtained  by  pressure,  melting,  or  by 
cxtractincr  them  with  ether  or  boiling  alcohol.  They  [e.g.,  tristeann,  Cs^HnoOe]  contain  much 
less  0  than  the  carbohydrates,  such  as  sugar  and  starch;  they  give  a  greasy  spot  on  paper,  and 
when  shaken  with  colloid  substances,  such  as  albumin,  they  yield  an  emulsion.  When  treated 
with  superheated  steam  or  with  certain  ferments  (p.  256,  c),  they  take  up  water  and  yield 
glycerin  and  fatty  acids,  aud  if  the  latter  be  volatile  they  have  a  rancid  odour.  Treated  with 
caustic  alkalies  they  also  take  up  water,  and  are  decomposed  into  glycerin  and  fatty  acids  ; 
the  fatty  acid  unites  with  the  alkali  and  forms  a  soap,  while  glycerin  is  set  Iree.  The  soap- 
solution  dissolves  fats.  ,      ,    ,     n        •  ,  • 

Glycerin  is  a  tri-atomic  alcohol,  C3H5(OH)3,  and  unites  with  (1)  the  following  monobasic 
fatty  acids  (those  occurring  in  the  body  are  printed  in  italics):  — 

C17H34O0, 


Acids. 
Formic, 
Acetic, 
Propionic,  . 
3iityric, 
[Isobutyric, 
Valerianic, 
Caproic, 


CH2O, 

C4H30„ 

C5H10O0 


9. 
10. 
11. 
12. 
13. 


Acids. 
(Enanthylic,  . 
Caprylic, 
Pelargonic,  . 
Caloric,  . 
Laiorostcaric, . 
Myristic, 
Palmitic, 


C7UJ4O2 


CjoH 


■^12^ 
-'16H3002 


14. 
15. 
16. 
17. 


Acids. 
[Margaric, 
is  a  mixture 
of  13  and  14.] 
Stearic,  , 
Arachinic, 
Hyiinic,  . 
Cerotinic, 


CisHagOjj 

025^60*^2 


■H5402 


The  acids  form  a  homologous  series  with  the  formula  CnH.^n  - lO(OH).  With  every  CR,  added 
their  boiling  point  rises  19°.  Those  containing  most  carbon  are  solid,  and  non- volatile  ;  those 
containing  less  C  (up  to  and  including  10)  are  fluid  like  oil,  have  a  burning  acid  taste,  and  a 
rancid  odour.  The  earlier  members  of  the  series  may  be  obtained  by  oxidation  from  the  later, 
by  CHo  being  removed,  while  GO.,  and  H2O  are  formed  ;  thus,  butyric  acid  is  obtained  from 
propionic  acid.  Nos.  13  and  14  are  found  in  human  and  animal  fat,  less  abundant  and  more 
inconstant  are  12,  11,  6,  8,  10,  4.  Some  occur  in  sweat  (§  287)  and  in  milk  (§  231).  Many  of 
them  are  developed  during  the  decomposition  of  albumin  and  gelatin.  Most  of  the  above 
(except  15  to  17)  occur  in  the  contents  of  the  large  intestine  (§  185). 

(2)  Glycerin  also  unites  with  the  monobasic  oleic  acid,  which  also  forms  a  series,  whose 
general  formula  is  CnH.2n-30(OH)  ;  and  they  all  contain  2H  less  than  the  corresponding 
members  of  the  fatty  acid  series.  The  corresponding  fatty  acids  can  be  obtained  from  the  oleic 
acid  series  and  vice  versa.  Oleic  acid  (olein-elainic  acid),  CjgHajOo,  is  the  only  one  found  in 
the  organism  ;  united  with  glycerin,  it  forms  the  fluid  fat,  ole'in.  The  fat  of  new-born 
children  contains  more  glyceride  of  palmitic  and  stearic  acid  than  that  of  adults,  which  contains 
more  glyceride  of  oleic  acid.  Oleic  acid  also  occurs  united  with  alkalies  (in  soaps)  and  (like 
some  fatty  acids)  in  the  lecithins  (§  23).  If  lecithin  be  acted  on  with  barium  hydrate,  we 
obtain  insoluble  stearic,  or  oleic,  or  palmitic  acids  and  barium  oleate,  together  with  dissolved 
neurin  (§  322,  b)  and  baric  glycerin  phosphate.  It  appears  as  if  there  were  several  lecithins,  of 
which  the  most  abundant  are  the  one  with  stearic  acid  aud  that  with  palmitin -f  oleic  acid 
radicle  {Diakmww).  Lecithin  occurs  iu  the  blood-corpuscles  (§  23),  semen,  and  nerves,  wliilo 
neurin  is  constantly  present  in  fungi. 
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The  neutral  fats  [palinitin,  stearin  (both  solid),  and  olein  (fluid)],  the  glycerides  of  fatty  acids, 
and  of  oleic  ai'id,  luo  trijile  ethers  of  triatomic  alcohol  glycerin.  With  the  neutral  fats  may 
bo  associated  glycerin-phosphoric  acid,  an  acid  glycerin  ether,  formed  by  the  uijion  of  glycerin 
and  phos]ihoric  acid,  with  tlie  giving  off  of  a  molecule  of  water  (C^HuPO,,)  ;  it  is  a  decomposi- 
tion-product of  lecitllin  (§  ,     r,  rr  r^,/->^T^ 

(3)  The  glycolic  acids  (acids  of  the  lactic  acid  series)  have  the  formula  L„H.^„- ,0(011 ).» 
They  arc  formed  by  o.'tiilatiou  from  the  fatty  acid  series  by  substituting  OH  (hydroxy!)  for  one 
atom  of  H  of  the  tatty  acids.  Conversely,  fatty  acids  nuiy  be  obtained  from  the  glycolic  acids. 
Tlie  following  acids  of  this  series  occur  in  the  body: — 

(«)  Carbonic  Acid  (oxy-formic  acid),  C0(0H)3  ;  in  this  form,  however,  it  only  makes  salts. 
Free  carbonic  acid  or  carbon  dioxide  is  an  anhydride  of  the  same  =  COo. 

(&)  GlycoUc  Acid  (oxy-acetic  acid),  CoH.,0(OH).,  does  not  occur  free  in  the  body.  One  of  its 
compounds,  glycin  (glycocoll,  amido-acetic  acid,  or  gelatin-sugar),  occurs  as  a  conjugate 
acid,  viz.,  as  glycocholic  acid  in  the  bile  (§  177,  2),  and  as  hippuric  acid  in  the  urine  (§  260). 
Glycin  exists  in  complex  combination  in  the  gelatin. 

(c)  Lactic  Acid  (oxy-propionic  acid),  CaH^O^OH).,  occurs  in  the  body  in  two  isomeric  forms 
—1.  The  dlujlidcnc-ladic  acid,  which  occurs  iu  two  inodifieations— as  the  right  rotatory 
mrcoladic  acid  (paralactic),  a  metabolic  product  of  muscle  ;  and  as  the  oi-dinary  optically  in- 
active product  of  "  lactic  fermentation,"  which  occurs  in  gastric  juice,  in  sour  milk  (sauerkraut, 
acid  cucumber),  and  can  be  obtained  by  fermentation  from  sugar  (§  184).  2.  The  isomer, 
cthylcnc-ladic  acid,  occurs  in  the  watery  extract  of  muscles  (§  293).  r 

(d)  Leiicic  Acid  (oxy-caproic  acid),  C6Hi.,03,  does  not  occur  as  such,  but  only  m  the  form  of 
one  of  its  derivatives,  leucin  (amido-caproic  acid),  as  a  product  of  the  metabolism  in  many  tissues, 
and  is  formed  during  pancreatic  digestion  (§  170,  II.).  Leucic  acid  may  be  prepared  from 
leucin,  and  glycolic  acid  from  glycin,  by  the  action  of  nitrous  acid.  ,      tj-      n  ,mj\ 

(4)  Acids  of  the  Oxalic  Acid  or  Succinic  Acid  Series,  having  the  formula  Lati^n.^U^iyji).,, 
are  bi-basic  acids,  which  are  formed  as  completely  oxidised  products  by  the  oxidation  ot  fatty 
acids  and  glycolic  acid,  water  being  removed.  It  is  important  to  note  their  origin  Irom  sub- 
stances rich  in  carbon,  e.g.,  fats,  carbohydrates,  and  pro  teids. 

(a)  OxaUc  Acid,  C.,0..(OH).„  arises  from  the  oxidation  of  glycol,  glycin,  cellulose,  sugar, 
starch,  glycerin,  and  many'  vegetable  acids— it  occurs  in  the  urine  as  calcium  oxalate 

^MrSuccinicAcid,  C,H,0.,(OH)o,  has  been  found  in  small  amount  in  animal  solids  and  fluids  ; 
sn  leen  liver  thymus,  thyroid;  in  the  fluids  of  echinococcus,  hydrocephalus,  and  hydrocele,  and 
£e  idantly  in  dog's  urine  after  fatty  and  flesh  food  ;  in  rabbit  s  urine  after  feeding  with 
vellow  turnips     It  is  also  formed  in  small  amount  during  alcoholic  fermentation  (§  150). 

(5)  Cholalic  Acid  in  the  bile  (§  177)  and  in  the  intestine  (§182).  . 

6  Aromatic  Acids  contain  the  radicle  of  benzol.  Benzoic  acid  ( =  phenyl-formic  acid) 
occurs  in  urine  united  with  glycin,  as  hippuric  acid  (§  260). 

m.  Alcohols. 

Alcohols  are  bodies  which  originate  from  carbohydiates,  in  which  the  radical  hydroxyl  (HO) 
is  substituted  for  one  or  more  atoms  of  H.  They  may  be  regarded  as  water,  ^  j  0,  iu  which 
the  half  of  the  H  is  replaced  by  a  CH  compound.  Thus,  C.H,  (ethyl-hydrogen)  passes  into 
^2^8  I  0  (ethylic  alcohol). 

{a)  Cholesterin,  ^^s^-g  j  0,  is  a  true  monatomic  alcohol,  and  occurs  in  blood,  yelk,  brain, 
bile  (§  177,  4),  and  generally  in  vegetable  cells,  and  it  is  the  only  solid  monatomic  alcohol  in 
the  body. 

C  OH 

(6)  Glycerin,  C:jH^  \  OH,  is  a  triatomic  alcohol.    It  occurs  iu  neutral  fats  united  ^vith 

fatty  acids  and  oleic  acid^^t  is  formed  by  the  splitting-up  of  neutral  fats  during  pancreatic 
digestion  (§  170,  III.),  and  during  the  alcoholic  fermentation  (§150). 
{c)  Phenol  (  =  phenylic  acid,  carbohc  acid,  oxybenzol)  (§  184,  lii.;. 

!S  TW^:S':r^  dSj'^^^^^^  and  they  may  be  regarded  as  polyatomic 

alcohol  Their  constitutio^ii  is  unknown.  Together  with  a  ^^"'^^"f  '^l^ff,  ^-^.f  ^^^S 
they  form  the  great  group  of  the  carbohydrates,  some  of  which  occur  m  the  animal  body,  while 
others  arc  widely  distributed  iu  the  vegetable  kingdom.  .    ,  .1  • 

0^0   THE  CARBOHYDRATES.-Occur  in  plants  and  animals,  and  received  tlieir  name 
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constitution  is  concernod,  they  may  be  regarded  as  fatty  bodies,  as  ]>exatomic  alcohols,  in 
which  2H  are  wanting.  . 

I.  Division.— Glucoses  IV^i^^  ,   V  ,  ,°^l3  n)  urine,  and  in  largo  amount  m 

occurs  in  """"t^;!*^-^^^^^^  of  'diastatic  io?ments  upon 

the  urine  in  'Ij^J.^'f  "^^^^^  I„  the  vegetable  kingdom,  it  is  extensively  distributed 

other  '^'•^'■^^  'f^^^^^^^^^^  Ss  Zi  flowers  (and  thus  it  gets  into  honey).    It  is  for.ned  Iroin 

in  the  ^^^'c-^V  d^xtr  n    dS         and  starch,  by  boiling  with  dilute  acids.    It  crystallises 

r^:aTin  "er  v^^^^  eiVstallisation ;  unites  with  bases  salts  acids, 

in       ^>        tnf  k  easilv  decomposed  by  bases;  it  reduces  many  metaUic  oxides  149). 
Sslf  itfens  hav  a  r  tat^rPver  of  /l06°.    By  fei-mentation  with  yeast  it  splits  up  into 
1    1  1  o  .I  PO   rs  l-.0^  with  decomposing  proteids  it  splits  into  2  molecules  of  lactic  acid 
?U84  I  it  i"^^acid  splis  up^lnd^r^he  same  conditions,  in  alkaline  solutions,  into 

butviic  acid  C0„  and  H.    For  the  qualitative  and  quantitative  estimation  of  g  ucose,  see  §  149 
2ri50     In  a  coholic  solution,  it  forms  very  insolub  e  compounds  with  chalk,  banum  and 
TOt issiiim  and  it  also  forms  a  crystalline  compound  with  common  salt  Estimation,  §  150  . 
^    2    Gali^    obtained  by  boiling  milk-sugar  (lactose)  with  dilute  mineral  acids ; 
crysillises  readi  y,  is  very  fermentable,  and  gives  all  the  reactions  of  glucose,    men  oxidised 
with  niti-ic  acid  it  become;  transformed  into  mucic  acid.    Its  specific  rotatory  power  =  +  88  08 

Laeviilose  f left-fruit-,  invert-,  or  muciu-sugar  occurs  as  a  colourless  syrup  in  the  acid 
■  •  I  nrrn^frnits  and  in  honev '  is  non-crystallisable,  and  insoluble  in  alcohol;  specihc 
Sory  powe^i  "  the  intestine  (§  183),  and  occurs  rarely  as  a 

^"g°'Ss\r-S?"  "nrains  carbohydrates  with  the  formula  C,H  0„  and  its  members 
may  be  rec'arded  as  anhydrides  of  the  first  division-1  Milk-sugar  or  lactose  occurs  on  y  in 
milk  crSallises  in  cakes  (with  1  molecule  of  water)  from  the  syrupy  concentrated  whey  ;  it 
rotates  polaS^^  to  the  right  =  -f  59-3,  and  is  much  less  soluble  in  water  and  alcohol  than 
.f^i-lSa^  When  boiled  with  dilute  mineral  acids  it  passes  into  galactose,  and  can  be 
d  Setly  transformed  into  lactic  acid  only  by  fermentation;  the  galactose  however  is  capable  0 
undergoing  the  alcoholic  fermentation  with  yeast  (Koumiss  preparation,  §  232).  Foi  its 
uuantftative  estimation  (§  231).    Rare  in  urine  (§  267).  .  ,  ^^ 

^  2  Sse  (C,.H.,,oi)  +  H,0  {0' Sullivan)  has  1  molecule  of  water  less  than  grape-sugar 
(C„H,,0,o),  is  fonned  during  the  action  of  a  diastatic  ferment,  such  as  saliva  upon  starch 

§  148T;  is  soluble  in  alcohol,  right-rotatory  power  =  -flSO";  it  is  crystaUme,  while  its  reducing 
power  is  only  two-thirds  that  of  dextrose.    [The  ratio  of  the  reducing  power  of  maltose  to  that 

of  glucose  is  100  to  66.]  ■,    j.         ^  <.  i 

(3.  Saccharose  (cane-sugar)  occurs  in  sugar-cane  and  some  plants,  it  does  not  reduce  a 
solution  of  copper,  is  insoluble  in  alcohol,  is  right-rotatory,  and  not  capable  of  fermentation. 
When  boiled  with  dilute  acids,  it  becomes  changed  into  a  mixture  of  easily  fermentable  glucose 
(right-rotatory)  and  laevulose  (invert  sugar,  §  183,  5,  and  §  184,  I.,  6),  which  ferments  with 
difficulty  and  is  left-rotatory  (§  183).    When  oxidised  with  nitric  acid,  it  passes  into  glucic  acid 

and  oxalic  acid. )  ,  •    ^     ,  m   -u  t       /-mt  \ 

(4.  MeUtose,  from  Eucalyptus-manna  ;  Meleztose,  from  Larch-manna  ;  Trehalose  (Mycose), 

from  Ergot  :  are  all  right-rotatory,  and  do  not  reduce  alkaline  cupric  solutions), 
m.  Division.— This  contains  carbohydrates,  with  the  formula,  CgHioOj,  which  may  be 

regarded  as  anhydrides  of  the  second  division. 

1.  Glycogen,  with  a  dextro-rotatory  power  of  211°,  does  not  reduce  cupric  oxide,  it  occurs 
in  the  liver  (§  174),  muscles,  many  embryonic  tissues,  the  embryonic  area  of  the  chick  [Kuh), 
in  normal  and  pathological  epithelium ;  in  diabetic  persons  it  is  widely  distributed  ;  brain, 
pancreas,  and  cartilage ;  and  in  the  spleen,  pancreas,  kidney,  ovum,  brain,  and  blood,  together 
with  a  small  amount  of  glucose  (Pavij).  It  also  occurs  in  the  oyster  and  some  of  the  molluscs 
{Bizio),  and  indeed  in  all  tissues  and  classes  of  the  animal  kingdom.  .    .  , 

2.  Dextrin  was  discovered  by  Limpricht  in  the  muscles  of  the  horse.  It  is  right-rotatory  = 
-t-138°,  soluble  in  water,  and  forms  a  very  sticky  solution,  from  which  it  is  precipitated  by 
alcohol  or  acetic  acid ;  it  is  tinged  slightly  red  with  iodine.  It  is  formed  in  roasted  starch, 
(hence  it  occurs  in  large  quantity  in  the  crust  of  bread— see  Bread,  §  234),  by  dilute  acids,  and 
in  the  body  by  the  action  of  ferments  (§  148).  It  is  formed  from  cellulose  by  the  action  of 
dilute  sulphuric  acid.    It  occurs  in  beer,  and  is  found  in  the  juices  of  most  plants. 

3.  Amylum  or  Starch  occurs  in  the  "mealy"  parts  of  many  plants,  is  fonned  within 
vegetable  cells,  and  consists  of  concenti-ic  layers  with  an  excentric  nucleus  (hg.  239).  The 
diameter  and  characters  of  starch-grains  vary  greatly  with  the  plant  from  which  they  aie 
derived.  At  72°  C.  it  swells  up  in  water  and  forms  a  mucilage ;  in  the  cold,  iodine  colours  it 
blue.  Starch-grains  always  contain  more  or  less  cellulose  and  a  substance,  erythrogranulose, 
which  is  coloured  red  with  iodine  (§  148)  It  and  glycogen  are  transformed  into  dextrose  by 
certain  digestive  ferments  in  the  saliva,  pancreatic,  and  intestinal  juices,  and  artificially  by 
boiling  with  dilute  sulphuric  acid. 
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CAEBOIIYDRATES. 


occurs  in  vegetable  juices  (especially  in  acaciiu  and  niimosK),  also  in  the 
IS  tissue,  huiRS,  and  urine;  is  ))artly  soluble  in  water  (arabin),  partly 


(4.  Gum,  CioI-LoOio, 

salivary  glands,  mucous  wt-.^^,  .....h-,         .......  .  ...  ,,  j  -  —  ,y  ... 

swells  up  like  mucin  (bassorin).  Alcohol  precipitates  it.  It  is  fermentable,  and  when  boiled 
with  dilute  acids  yields  a  reducing  sugar.)  ,     ,  ,.  ,       .„  - 

(5.  Inulin,  a  crystalline  powder  occurring  in  the  root  of  chicory,  daudehou,  and  specially  lu 
the  inilbs  ol"  the  dahlia  ;  it  is  not  coloured  blue  by  iodine.)  , 

(6.  Lichenin  occurs  in  the  intercellular  substance  of  Iceland  moss  (Cetrana  islaudica)  and 
al"iT3  ;  is  tnuisformod  into  glucose  by  dilute  sulphuric  acid.)  ,    .  ,      .      t,  , 

17.  Paramylum  occurs  in  the  lorm  of  granules  resembling  starch,  in  the  mfusoriau,  j!,uglena 

^"(8^^  CeUulose  occurs  in  the  cell-walls  of  all  plants  (in  the  exo-skeletou  of  arthropoda,  and 
the  skin  of  snakes) ;  soluble  only  in  ammonio-cupric  oxide  ;  rendered  blue  by  sulphuric  acid 

d 


Fig.  239. 

a,  West  Indian  arrow-root  ;  c,  Tahiti  arrow-root ;  d,  Potato  starch. 

r  TT         1  O    which  dissolves  in  a  mixture  ot  ether  and  alcohol  and  loims  coiioaioii.; 
''fg^^^x^ilS^  i^s  a  substSr^  cellulose,  and  occurs  in  the  integument  of  the  Tunicata 

°^v!°SsiL.-This  contains  the  carhohyclrateswlu^^ 

1.  Inosit  (phaseo-mannit,  muscle-sugar    occurs  in  ^^^-^^^  (f,  ^'^d  of^fhinococcul  Ti'. 

arising  from  the  fermentation  of  melitose. ) 

IV  Derivatives  of  Ammonia  and  their  Compounds. 
The  ammonia  derivatives  are  obtained  from  the  proteids,  and  are  de.composition-products  of 

their  metabolism.  .  ,    obtained  from  ammonia  (NH3),  or  from 

(1)  Amines,;-,  compound  amm^  g  f  earbo- 

hyc— ifflr^^^^^^^^  -  -^^--^^^  °^ 

mine.    We  are  only  acquainted  with 

TT  '\ 

H  I    N       Methylamine  and  Tri-Methylamine 
CH3J 

as  decomposition-products  of  cholin  (neurin)  and  of  kreatin 
very  complex  combination  (see  Lecithm,  p.  381  ai"^  ^^so    j^^'  ,    hydroxyl  (HO)  of  the  acids 
g)  Am'ides,  i.e.,  derivatives  of  acids  winch  l^J^.^^^^j^^^^f ^.^^^^^^^^^^^         the  metabolism  of 
for  NHg.    Urea,  CO(NH,)„  the  biamid  of  CO^,  is   he  clue  eiu^p^o  containing  water 

the  niti^'^enous  constituents  of  our  bodies  (see  J7j  mc,  §  ^ob).  ^^i  u"'  . 

=  CS(0H).„  where  both  OH  are  replaced  by  NH,-thus  of  an  acid 

t:^         -pw  by 

ge  atin  with  dilute  sulphuric  acid.  .It  has  a  sweet  tas  e  f  If  l^^^^^^^^^  acid 
fST^icTSS  II  gS  ™iSic  ^d^S;^Kljc  acid  in  bile    177).    (.  Leuern 


CH3^ 
CH3  - 
CH3J 

Neurin  occurs 


in  lecithm  in  a 


HISTORICAL. 


•1         csni-in    I—  '  omiiln.lnptie  aciJ)  obtained  from  silk-gelatin. 

of  pioteul.       1/0  .    UUici  a  amido-etliyl-sulplionic  acid  occurs  (except  in  certain 

replaced  b3^S  (§  268  .    (g^^^^^^  as  taurocholic  acid  in  bile.    TyroBin  (para- 

f  l  i^v^irb^^^^^^^^  acid),  anamido-acid  of  unknown  constitution  occurs  along 
&i:u«nr;tS^c  d^^^^^^^  ot  protends,  and 


wuu  '"P;  t     ;  ;  in  a°cuto  veUow  atrophy  of  the  liver  (§  269). 

occiu-s  plon       yrn  theu^^^^  Kreatin  h/ muscle,  brain,  blood,  urine,  regarded  as 

To  the  am  do-aouls  q  /    It  has  been  nrenared  artificially.    When  boiled  with 

methyl-uraimdo-acetic  acid  (C^Ha^aUo).    it  nas  w.en  r'^P^'^^V'"^''!^'''. ,p  „  -vrc  n  niethvl- 
hL■^rl■i  witor  it  takes  up  H,0,  and  splits  into  urea— and  (b)  Sarkosm  (O3JI7JNU0),  metnji 
Sace  c\cid     W       boiled  with  water,  heated  with  strong  acids,  ^^.^he  P'^^f 
pXefying  substan^     kreatin  gives  off  water,  and  is  changed  into  kreatimn  (C,H,N30).  This 

clf  acid  (§  258) ;  aUantoin  (§  ^ 

is  o  nfed  by" he  oxidation  of  uric  acid  by  nieans  of  potass  um  permanganate  ;  cyanm  c  acid 
ill  do™s  urine  •  inosinic  acid  in  muscle;  guanin  in  traces  in  the  liver  and  pancreas,  in  guano  the 
excrements  ^f  snide  in  the  skin  of  amphibia  and  reptiles,  in  the  silver  sheen  of  many  hshcs 
ITTZdSicPSi^cAerq)- by  oxidation  it  yields  urea  (p.  439);  hypoxanthin  or  earkm  occurs 
{A.  Ewald  J-ine.    Kossel  prepared  hypoxanthin  from  nuclem 

along  with  xanthiu  111  maii^^^^^^^^^  It  may  "e  obtained  from  fibrin  by  putrefaction,  by  gastric 
SidCcila  -  S  Krause  aJJncZ.n)  ;  xanthin  is  pre- 

p  Is  b"  oxSdaJon  from'  hypox'anthin.    It  occurs  very  rave  y  in  the  iorm  of^m-inary  calculus 
Waxanthin  in  urine   and  a  simi  ar  body  carmn  in  flesh  (§  233).    [Adenin  (i^gMgJNs;,  Qis 
covTerbyKo  se  iirt'he  pancreas  yeast,  and  tea-leaves,  has  also  been  isolated  from  the  spleen, 
IvmnhatS  "lands  and  kidney  ;  it  appears  to  be  present  in  all  highly  cellular  animal  and  vege- 
SnLsLl:  allied'bases-xanthin  aU  guanin,  it  is  a  derivative  of  the  nuclem  of 

the  nuclei.]  .        ,.   „  .  x 

Aromatic  Substances. 

1  Monatomic  phenols-(^^)  Phenol  (hydroxyl  of  benzol)  in  the  intestine  (§  184).  Pjieiiyl- 
cnlnhonic  acid  in  urine  262  .  ib)  Kresol,  in  the  form  of  ovtlwkresol  and  parakresol,  united 
3  s5iol  acW  ociui  i;^^^^^^  (§  262  .  2.  Diatomic  phenols_(«)  pyrokatechin  vm^^^^^^^^ 
wi  h  sulphonic  acid  'in  urine  (§  262).  3.  Aromatic  oxyacidB-(«)  [^^^ 
Paraoxyphenylacetic  acid  in  urine  (§  262).  4.  Indol  and  skatol  in  the  intestine  (§  184),  con- 
joined with  suljihonic  acid  in  urine  (§  262). 

253  HISTORICAL.— According  to  Aristotle,  the  organism  requires  food  for  three  purposes 
—for  growth,  for  the  production  of  heat,  and  to  compensate  for  the  loss  of  the  boaily  excreta 
The  formation  of  heat  takes  place  in  the  heart  by  a  process  of  concoction,  the  heat  so  formed 
bein<r  distributed  to  all  parts  of  the  body  by  means  of  the  blood,  while  the  respiration  is  re- 
garded as  an  act  whereby  the  body  is  cooled.  Galen  accepted  this  view  m  a  somewhat  modihed 
form  •  according  to  him,  the  metabolic  processes  may  be  compared  to  the  processes  going  on  in 
a  lamp  ;  the  blood  represents  th?  oil ;  the  heart,  the  wick  ;  the  lungs,  the  fanning  apparatus. 
Accordiuo-  to  the  view  of  the  iatrochemical  school  {vein  Helmont),  the  metabolic  processes  ot  the 
body  are°fermentations,  whereby  the  food  is  mixed  with  the  juices  of  the  body.  Since  the 
middle  of  the  seventeenth  century  {Boyle),  the  knowledge  of  the  metabolic  processes  has  followed 
the  development  of  chemistry.  A.  v.  Haller  regarded  heat  as  due  to  chemical  processes— the 
food  continually  supplying  the  waste  which  is  extfreted  from  the  body.  After  the  discovery  of 
oxygen  (1774,  by  Priestley  and  Scheele),  Lavoisier  formulated  the  theory  of  combustion  in  the 
hint's,  whereby  carbonic  acid  and  water  were  formed.  Mitscherlich  compared  the  decomposi- 
tion-processes in  the  living  body  with  putrefactive  processes.  Magendie  was  the  first  to  emphasise 
the  difference  between  nitrogenous  and  non -nitrogenous  foods,  and  he  showed  that  the  latter 
alone  were  not  able  to  .suoport  life.  Even  gelatin  alone  is  not  sufficient  for  this  purpose.  The 
gi-eatest  advance  in  the  theory  of  nutrition  was  made  by  J.  v.  Liebig,  who  laid  the  foundation 
of  our  present  knowledge  of  this  subject.  According  to  Liebig,  foods  may  be  divided  into  two 
classes,  viz.,  the  " plastic,"  suitable  for  the  construction  of  the  organism,  and  the  "respiratory 
for  the  maintenance  of  the  temperature  ;  to  the  former  class  he  referred  the  albuminates  or 
proteids,  to  the  latter,  the  non-nitrogenous  carbohydrates  and  fats  (p.  356).  Amongst  recent 
observers,  the  Munich  School,  as  represented  by  v.  Bischofl',  v.  Pettenkofer,  and  v.  Voit,  has 
done  most  to  give  us  an  exact  knowledge  of  this  department  of  physiology. 
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254  STEUCTUEE  OF  THE  KIDNEY.— [Capsule.— The  kidney  is  a  compound  tubular 
filand,  and  is  invested  by  a  thin,  tough,  librous  capsule,  easily  stripped  olf  from  the  substance 
ot  the  organ,  to  which  it  is  attached  by  fine  processes  of  connective-tissue  and  blood-vessels.] 

FNaked  Eye  Appearances.— On  dividing  the  kidney  longitudinally  from  the  liilum  to  its 
outer  border,  and  examining  the  cut  surface  with  the  naked  eye,  we  observe  the  parenchyma 
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Fig  2d0. 

Longitudinal  section  through  the  kidney  {Tysoii,  after  Ecnle). 

of  tbP  kidnev  consisting'  of  an  outer  cortical  and  an  inner  meduUary,  or  pyramidal  portion, 
tL  ktte  tTnposerof  about  twelve  conical  papill.,  or  pyranuds  of  Malpighl,  with  their  apices 
directed  towards  and  embraced  by  the  caliees  of  the  pelvis  of  t  'c  kidney  1^.  2100.  The 
medullary  portion  is  further  subdivided  into  the  boundary  layer  of  Ludwig  and  the  papiUary 


STRUCTUEE  OF  THE  KIDNEY. 


Accordin''  to  Klein,  the  relative  proportions  of  these  three  parts  are-cortex,  3-5  ; 
Accoiuuj„  Lu  1  .      1    1^,  1..  .  a  light  brown  colour,  and  when 

.  ....jning  at  regular  distances.  The 

>'ranules'aro  due  to  the  presence  of  tlio  ]\IalpighiIn"corpuscles,  and  the  striaj  to  the  niedul 

'"^  Til  bo  L  nry  zone  is  darker,  and  often  purplish  in  colour.  It  is  striated  with  clear  and 
lays,    iue  oounaaiy  zoi  e  ,      ^^^^  ^.^^^^^^  ^^^.^^^^  blood-vessels  and  the  latter  unnilerous 

and  uniformly  striated,  the  stria3  converging  to 


Cortex. 


hnrudarv  laver^-T;  and  p  The  cortex  lias      ^  ,     ,•  , 

torn   reLnts  a'sliitly  grin  ilar  aspect,  with  radiating  lines  running  at  regular  distances 

Tl^are  due  to  till  presence  of  tl.o  Malpighiau  coypuscles,  and  the  stride  to  the  "ledul W 
i-ays.  The  boundary  zone  is  darker 
red  lines  alternating  with  opaque  ones, 
tubules.  The  papillary  zone  is  nearly  white 
the  apex  of  the  pyramid.  The  medulla  is 
much  denser  and  less  friable  than  the  cortex, 
owing  to  the  presence  of  a  largo  amount  ot 
connective-tissue  between  the  tubules.  The 
bundles  of  straight  tubes  of  the  medulla  may 
be  traced  at  regular  intervals  running  out- 
wards into  the  cortex,  constituting  medullary 
rays,  which  become  smaller  as  they  pass  out- 
wards in  the  cortical  zone,  so  that  they  are 
conical  and  form  the  pyramids  of  Ferrem 
(fig.  241,  PF).  The  portion  of  the  cortex 
lyfng  between  the  medullary  rays  is  known  as 
the  labyrinth,  from  the  complicated  arrange- 
ment of  its  tubules.] 

[Size,  Weight.  —The  adult  kidney  is  about 
H  centimetres  (4-4  inches)  in  length,  5  centi- 
metres (2  inches)  wide,  and  3  centimetres 
(1  inch)  in  thickness.  It  weighs  in  the 
male  113-5  to  170  grms.  (4  to  6  oz.),  in  the 
female  113-5  to  156  grms.  (4  to  5i  oz.).  The 
width  of  the  cortex  is  usually  6  to  6  milh- 
metres  (i  to  i  inch).] 

L  The  nriniferous  tubules  all  arise  within 
the  labyrinth  of  the  cortex  by  means  of  a 
globular  enlargement,  200  to  300  n  [x^^  to 
inch]  in  diameter,  called  Bowman's 
capsule  {tigs.  242,  243).  After  pursuing  a 
complicated  course,  altering  their  direction, 
diameter,  and  structure,  and  being  joined  by 
other  tubules,  they  ultimately  form  large 
collecting  tubes,  which  terminate  by  minute 
apertures,  visible  with  the  aid  of  a  hand-lens, 

on  the  apices  of  the  papilla}  projecting  into  1  •  1  • 

the  calices  of  the  kidney.  Each  urinary  tubule  Longitudinal  section  of  a  M^ipiglnan 
is  composed  of  a  homogeneous  membrana  PF,  pyivonnds  of  Ferrein  ■  " 
propria,  lined  by  epithelial  cells,  so  as  to 
leave  a  lumen  for  the  passage  of  the  urine 
from  the  Malpighian  corpuscles  to  the  pelvis 
of  the  kidney.  The  diameter  and  direction 
of  the  tubules  vary,  and  the  epithelium  differs        .  t      i.-      •  -i. 

in  its  characters  at.  different  parts  of  the  tube,  while  the  lumen  also  undergoes  alterations  in  its 

diameter.  •     •  j.i 

Course  and  Structure  of  the  Tubules.— In  the  labyrinth  of  the  cortex,  tubules  arise  in  the 
spherical  enlargement  known  as  Bowman's  capsule  (fig.  242,  1),  which  invests  (in  the  manner 
presently  to  be  described)  the  tuft  of  capillary  blood-vessels  called  a  glomerulus  or  Malpighian 
corpuscle.  By  means  of  a  short  and  narrow  neck  (2)  the  capsule  becomes  continuous  with  a 
convoluted  tubule,  X  in  fig.  243.  This  tubule  is  of  considerable  length,  forming  many  wind- 
ings in  the  cortex  (fig.  242,  3);  the  first  part  of  it  is  45  /x  wide,  constituting  the  proximal  or 
lirst  convoluted  tubule.  It  becomes  continuous  with  a  spiral  tubule  of  Schachowa  (4),  which 
lies  in  a  medullary  ray  where  it  pursues  a  slightly  wavy  or  spiral  course.  On  the  boundary 
line  between  the  cortical  and  boundary  zone,  the  spiral  tubule  suddenly  becomes  smaller  and 
passes  into  the  descending  portion  of  Henle's  loop  (5),  which  is  14 /i  in  breadth,  and  is  con- 
tinued downwards  through  the  boundary  zone  into  the  medulla,  where  it  forms  the  narrow 
loop  of  Henle  (6),  which  runs  backwards  in  tho  medullary  part  to  the  boundary  zone.  Here 
it  becomes  wider  (20-26  /x),  and  as  it  continues  its  undulating  course,  it  enters  a  iiiedullary  ray, 
where  it  constitutes  the  ascending  looped  tube  (7),  which  becomes  narrower  in  the  cortex. 
Leaving  the  medullary  ray  again,  it  passes  into  the  labyrinth,  where  it  forms  a  tube  w-ith 
irregular  angular  outlines— the  irregular  tubule  (10),  which  is  continuous  with  (fig.  243,  n,  n) 
the  second  or  distal  convoluted  tubule  (11),  which  resembles  the  proximal  tubule  of  the  same 
name.    Its  diameter  is  40  ft.    A  short,  narrow,  wavy  junctional  or  cm-ved  collecting  tubule 


Boundary 
or  mar- 
ginal 
zone. 


Papillaiy 
zone. 


pyramid. 
EA,  liranch  of  renal 
artery  ;  RV,  lumen  of  a  renal  vein  receiving  an 
interlobular  vein  ;  VR,  vasa  recta  ;  PA,  apex 
of  a  renal  papilla  :  b,  h,  embrace  the  bases  ol  the 
renal  lobules. 
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(12)  connects  the  latter  with  one  of  the  straight  coUecting  tubes  (13)  of  a  medullary  ray.  As 
the  collecting  tubulo  proceeds  tlirougli  the  boundary  zone,  it  receives  numerous  junctional 
tubes,  and  when  it  reaches  the  boundary  zone,  it  forms  one  of  the  collecting  tubes  (lig.  243,  0), 

Suli-capsular  layer  without  SIul- 
piglilan  corpubdcs. 


4.  Spiral  tube.  .4 

13.  Straight  part  of  collect- 
ing tube. 

•  9.  Wiivy  part  of  ascending 
limb  of  Henle's  loop. 

Inner  stratum  of  cortex" 
without  Slalphigian 
coi^puscles. 


12.  I'irst  part  of  collecting  tube. 
U.  Distal  convoluted  tubule. 
A>  A.  COETEX. 

10.  Inegular  tubule. 

3.  Proximal  convoluted  tubule. 
9.  Wavy  part  of  ascending  Umb. 
2.  Constriction  or  ncclv. 

4.  Spiral  tubule. 

1.  Slalpighlan  tuft  Bun-ounded 
by  Bowman's  capsule. 


8.  Spii  al  part  of  ascending  limb 
of  Heule's  loop. 


B.  BOUNDARY  ZONE. 

5.  Descending  limb  of  Henle's 
loop-tube. 


7  &  8.  Ascending  limb  of 
Henle's  loop-ti.bs. 


C.  Henle's  loop. 


C.  PAPILLAHY  ZONE. 


Diagram  of  the  course  of  two  uriniferous  tubules  {Klein  and  mUe-Smith). 


which  unite  with  one  another  at  acute  angles  to  form  the  larger  straight  excretory  tubes  m 
ducts  of  Bellini  (15),  which  open  on  the  summit  of  the  Malpiglmn  Pyi'^l^i'^VJi  W  wh;re  thev 
pelvis  of  the  kidney     In  the  cortex  the  collecting  tubules  are  45  ^  ni  diameter  hut  where  the 
have  formed  an  excretory  tube  (0),  their  diameter  is  200  to  300  ^ ;  24  to  80  o  these  tubes  open 
on  the  apex  of  each  of  the  12  to  15  Malpighian  pyramids.     n  the  l^^^'^^  .^"^V  ^^to  k  of 'cot 
membrana  propria  is  strengthened  by  the  presence  of  a  thick  supporting  framewoik  of  con- 

"'Stouctorof  theTubule8.-[Below  the  neck,  the  tubules  are  1^"/^  «vei7where  by  a  s^^^^^ 
layer  of  nucleated  epitheUiim.]    Bowman's  capsule,  which  is  about  ^  „r"'fthi, 
244,  II),  consists  of  a  homogeneous  basement  membrane  lined  internally  ^^Y. *  ^  '  f '°  ^'^^^^^^ 
layer  of  flattened  cells  {k).  ^According  to  Roth,  the  basement  membrane  ^f^^X^'"^;^ 
endothelial  cells.    [In  the  foetus  the  lining  cells  are  more  Polyhedral  ]  JA  thm  the^c^^^^^^^^^ 
lies  the  glomerulus  or  tuft  of  blood-vessels.    The  cells  lining  the  capsule  aie      f  ^f"; 
feveente  lobules  of  which  the  glomerulus  --if  ^  Jbe  ^^^^^^^^^^^ 
the  capsule,  so  that,  according  to  the  activity  of  the  kulnej,  theie  maj  dc  a  ii.i„ 
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The  neck 

the  rabbit,  sheep,  mouse,  and  frog, 


epithelium.    The  cells,  which  are 


space  between  the  glomerulus  and  the  capsule  into  ^vjnch  the  filtered 
is  lined  by  cubical  cells.    These  cells,  in  some  animals,  e.g.,  the  labbit,  sheep,  mou 

The'proimal  convoluted  tubule  is  lined  by  characteristic 
short  or  polyhedral,  contain  a  - 
turbid  or  cloudy  protoplasm  (fig. 
244,  III,  1  and  2),  which  not  un- 
freq'uent'ly  contains  oil-globules, 
and  they  form  a  single  layer. 
Each  cell  consist  of  two  parts  ; 
the  inner,  containing  the  spheri- 
cal nucleus,  is  next  the  lumen, 
and  granular  (III,  2,  f/),  while 
the  outer  part,  next  the  mem- 
brana  propria,  aiipears  fibril- 
lated,  or  "rodded,"  from  the 
presence  of  rods  or  fibrils  placed 
vertically  to  the  basement-mem- 
brane (fig.  245).  These  appear 
like  the  hairs  of  a  brush  pressed 
upon  a  plate  of  glass  (III,  2). 
The  cells  are  not  easily  separated 
from  each  other,  asneighbouring 
cells  interlock  by  means  of  the 
branched  ridges  on  their  sur- 
faces (III,  V}—{Hcidcnhain, 
Schachoiva).  The  lumen  is  well 
defined,  but  its  size  seems  to 
<lepend  upon  the  state  of  imbibi- 
tion of  the  cells  bounding  it. 

The  spiral  tubule  has  similar 
epithelium  and  a  corresponding 
lumen,  although  the  epithelium 
becomes  lower  and  somewhat 
.altered  in  its  characters  at  the 
lower  part  of  the  tube. 

The  descending  limb  of 
Henle's  loop,  and  the  loop  itself 
with  a  relatively  wide  lumen, 
are  bounded  by  clear,  flattened, 
epithelial  cells,  with  a  bulging 
nucleus  (IV,  S);  the  cells  lying 
on  one  side  of  the  tube  being  so 
placed  that  the  bulging  part  of 
the  bodies  of  the  cells  is  oppo- 
site the  thin  part  of  the  cells  on 
the  opposite  side  of  the  tube. 
[These  tubes  might  be  mistaken 
for  blood-capillaries,  but  in  ad- 
dition to  their  squamous  lining, 
theyhave  a  basement-membrane, 
which  capillaries  have  not.]  In 
the  ascending  limb,  the  lumen 
is  relatively  wide,  while  its  epi- 
thelium agrees  generally  with 
that  in  the  convoluted  tubule, 
excepting  that  the  "rods" 
shorter.  Sometim 
are  arranged  in  an  ' '  imbricate  " 
manner. 

In  the  irregular  tubule,  which 
has  a  very  small  lumen,  the 
polyhedi'al  cells  lining  it  contain 
oval  nuclei,  and  are  shorter  than 
those  of  the  convoluted  tubules. 


Fig.  243. 

that  the  "rods  are  Blood-vessels  and  uriniferous  tubules  of  the  kidney  (semi- 
bometimes  the  cells  diagrammatic);  A,  capillaries  of  the  cortex,  B,  of  the  me- 
dulla ;  a,  interlobular  artery ;  1,  vas  afferens ;  2,  vas  efterens ; 
r,  0,  vasa  recta ;  c,  venoe  rectffi ;  v,  v,  interlobular  vein ;  S, 
origin  of  a  vena  stellata;  i,  i,  Bowman's  capsule  and  glo- 
merulus ;  X,  X,  convoluted  tubules ;  t,  t,  Henle's  loop ;  n,  n, 
junctional  piece ;  o,  o,  collecting  tubes ;  0,  excretory  tube. 

i^^ov  uuv-  wiT^.^uv-v.  >,u^uiK,o.  The  cells,  again,  are  very  irregular  in  size,  while  their 
rodded  "  character  is  much  coarser  and  more  defined  (fig.  246). 

The  distal  convoluted  tubule  closely  resembles  in  its  structure  the  proximal  convoluted 
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tubule,  and  is  lined  by  similar  colla.    The  curved  collecting,  or  junctional  tubule,  altliou"h 
narrow,  has  a  relatively  wide  lumen,  as  it  is  lined  by  clear,  Bomcwhat  flattened  cells  ° 
Iho  collecting  tubes  have  a  distinct  lumen,  and  are  lined  by  clear,  somewhat  in-egular 
cubical  cells  (lig.  244,  V),  wliich  in  the  larger  excretory  tubes  are  distinctly  columnar  (VI)' 
ihe  basement-membrane  is  said  to  be  absent  in  the  larger  tubes.    [Klein  describes  a  thin 
delicate,  nucleated  uentvo-tubular  membrane  lining  the  surface  of  the  epithelium  next  the 
lumen.  ] 

II.  The  Blood-Vessela.— The  renal  artery  (fig.  250)  divides  into  four  or  five  branches  which 
pass  into  the  kidney  at  the  hilum.  These  branches,  surrounded  by  connective-tissue 
continuous  with  that  of  the  capsule,  continue  to  divide,  and  pass  between  the  paitilhe,  to  reach 
the  bases  of  the  pyramids  on  the  limits  between  the  cortical  and  boundary  zones,  where  they 
form  incomplete  arches.    From  these  horizontal  trunks,  the  interlobular  arteries  (fig.  243, 

a)  run  vertically  and  singly  into 
the  cortex,  between  each  two 
medullary  rays,  and  in  their 
course  they  give  off  on  all  sides 
the  short  undivided  vasa  afifer- 
entia(l),  each  of  which  enters 
a  Malpighian  capsule  at  the 
opposite  pole  from  which  the 
urinary  tubule  is  given  off. 
Within  the  capsule,  each  afferent 
artery  breaks  up  into  capillaries 
arranged  in  lobules  and  sup- 
ported by  connective-tissue,  the 
whole  forming  a  tuft  of  ca))illary 
blood-vessels,  or  a  glomerulus. 
Each  glomerulus  is  covered  on 
its  surface,  directed  towards  the 
wall  of  the  capsule  by  a  layer  of 
flat,  nucleated,  epithelial  cells 
Fig.  244.  (^S-  229,  II),  which  also  diii 

TT  r>  •  111         1         ,         ce  down  between  the  capillaries. 

II,  Bowman  s  capsule  and  glomerulus.    «  vas  afferens ;  .  vas  ^  ^j^^  ^^J^^^ 

efferens;  c,  capillary  network  of  the  cortex ;  ^,  endothelium  which  is  always  smaller  than  the 
of  the  capsule;  h,  origin  oi  a  convoluted  tubule.    Ill,  afferpnt artcrinl 
"rodded"  cells  from  a  convoluted  tubule — 2,  seen  from 
the  side,  with  g,  inner  granular  zone;  1,  from  the  surface. 
IV,  cell  lining  Henle's  looped  tubule.    V,  cells  of  a  col- 
lecting tube.    VI,  section  of  an  excretory  tube. 

In  their  structiu'e  and  distribution  all  the  efferent  vessels  resemble  arteries,  as  they  divide  into 
branches  to  form  a  dense,  narrow-meshed,  capillary  network  (fig.  243,  A,  and  fig.  244,  II,  c), 
which  ramifies  over  and  between  the  convoluted  tubules.    The  meshes  are  elongated  around 


afferent  arteriole,  proceeds  from 
the  centre  of  the  glomerulus, 
and  leaves  the  capsule  close  to 
the  point  at  which  the  afferent 
vessel  enters  it  (fig.  244,  II). 


Convoluted  tubule  (after  ammonium  chromate) 
showing  "rodded"  epithelium. 


Fig.  246. 
•Epithelium  of  an  irregular  tubule 
of  the  kidney  of  a  dog. 


the  tubules  of  the  medullary  rays,  and  more  polygonal  around  the  convoluted  tubules  (fig.  243). 
Some  of  the  lowest  efferent  vessels  split  up  into  vasa  recta,  which  run  towards  the  medulla. 
The  interlobular  arteries  become  smaller  as  they  pass  towards  the  surface  of  the  kidnej%  and 
some  of  their  terminal  capillaries  communicate  with  the  capillaries  of  the  external  capsule  it«e]f. 
Venous  trunks  proceed  from  the  capillary  network,  to  terminate  in  the  interlobular  veins  (V), 
which  begin  close  under  the  capsule  by  venous  radicles  arranged  in  a  stellate  manner  (consti- 
tuting the  stellulfe  Verheynii,  or  venae  stellataa),  and  accompany  the  corresponding  artery  to 
the  limit  between  the  cortex  and  boundary  zone,  where  they  communicate  with  the  large  venous 
trunks  in  that  situation. 

The  blood-vessels  of  the  medulla  nrise  from  the  vasa  recta  (fig.  243,  r),  which  begin  on 
the  limit  of  the  cortex  and  medulla,  either  as  single,  direct,  muscular  branches  ()•.)  of  the  large- 
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arterial  trunks  or  from  those  efforent  vessels  (c)  which  lie  next  to  the  medulla.  The  latter  are 
saLuo  bTdevo'id  0  muscle.  According  to  Huschke,  a  few  vasa  recta  are  formed  by  the  union 
Sie  cajilarie  o  the  medullary  rays.  All  the  vasa  recta  enter  the  boundary  layer  where 
UierspTit  nto  a  leash  or  pencil  of  small  arterioles,  which  pass  between  the  straight  tubules 
towLds  the  iXi.s  and  form  in  their  course  a  capillary  network  with  elongated  meshes  iTom 
^se  cap  laE  1  ere  arise  venous  radicles,  which,  as  they  proceed  towards  the  limit  between 
JSrcort  X  ai  d  meduHa,  form  the  vensa  recta  (0),  and  open  into  the  concave  side  ot  tlie  venous 
JrunTs  in  tSrogion.  At  the  apex  of  the  papilla.,  the  capillaries  of  the  medulla  form  connec- 
tions with  the  rosette-like  capillaries  surrounding  the  excretory  ducts  (at  1 ).  .  , ,  , 
fThrc  rculation  through  the  vasa  recta  is  most  important.  The  cortical  systeni  of  blood- 
vessels  communicates  with  the  medullary,  but  as  most  of  the  vasa  recta  are  derived  fi'om  the 
same  vessel  as  the  interlobular  arteries,  it  is  evident  that  they  may  form  a  side  stream  through 
which  much  of  the  blood  may  pass  without  traversing  the  vessels  of  the  cortex.  Very  probably 
the  "short-cut"  is  useful  in  congestions  of  the  kidney.  The  amount  of  distention  ol  these 
vessels  also  will  influence  the  size  of  the  tubules  lying  between  them.  There  are  two  other 
channels  bv  which  blood  can  pass  through  the  renal  arteries  without  traversing  the  glomeruli— 
(1)  The  anastomoses  between  the  terminal  twigs  of  the  renal  artery  and  the  subcapsular  venous 
plexus  ;  (2)  small  branches  given  off,  either  by  the  interlobular  arteries  or  by  the  afferent 
vessels  before  entering  the  glomeruli  (^ritJitoO-]                     „                   ■    ^^.  ■ 

The  blood-vessels  of  the  external  capsule  are  derived  partly  from  the  terminal  twigs  ot  the 
interlobular  arteries,  partly  from  branches  of  the  supra-renal,  phrenic,  and  lumbar  arteries, 
which  anastomose  with  each  other.  The  capillary  network  has  simple  meshes.  The  venous 
i-adicles  pass  partly  into  the  venre  stellatie,  and  partly  into  the  veins  of  the  same  name  as  the 
arteries.  The  connection  of  the  area  of  the  renal  artery  with  the  other  arteries  of  the  capsiile 
explains  why,  after  ligature  of  the  renal  artery  within  the  kidney  the  blood  still  cir- 
culates in  the  externarcansule  {C.  Liuhuig,  M.  Herrmann);  in  fact,  these  blood-vessels  still 
supply  the  kidney  with  a  small  amount  of  blood,  which  may  suffice  to  permit  a  slight  secretion 
of  urine  to  take  place  {Litten,  Pautynski).  i  1  -i       i  •4. 

ni  The  lymphatics  form  a  wide-meshed  plexus  in  the  capsule  of  the  kidney,  while  under  it 
thev  form  large  spaces  {Heidcnhain).  In  the  parenchyma  of  the  kidney,  the  lymphatics  are  said 
to  be  represented  by  large  slits  devoid  of  a  wall  in  the  tissues,  and  are  more  numerous  around  the 
convoluted  than  the  straight  tubules.  The  slits  pass  to  the  surface  of  the  kidney,  and  expand 
under  the  capsule.  When  the  lymphatics  are  greatly  distended,  they  tend  to  compress  the 
uriniferous  tubules  and  the  blood-vessels  (C.  Ludivig  and  Zawarykin).  According  to  Ryndowsky, 
the  uriniferous  tubules  are  surrounded  by  true  lymphatics  with  an  endothelial  lining,  and  they 
even  penetrate  into  the  capsule  of  Bowman  along  with  the  vas  afferens.  [The  large  blood- 
vessels are  also  surrounded  by 
lymphatics.]  Large  lymphatics, 
provided  with  valves,  pass  out  of 
the  kidneys  at  the  hilum,  while 
others  emerge  through  the  cap- 
sule ;  both  sets  are  connected 
mth  the  lymph-spaces  of  the  cap- 
sule of  the  kidney  {A.  Budge). 

IV.  The  nerves  form  small 
trunks  provided  with  ganglia, 
and  accompany  the  blood-vessels. 
[They  are  derived  from  the  renal 
plexus  and  the  lesser  splanchnic 
nerve.]  They  contain  medullated 
and  non-medullated  fibres,  and 
the  latter  have  been  traced  by 
"W.  Krause  as  far  as  the  apices  of 
the  papillfe.  Their  mode  of  ter- 
mination is  unknown.  Physio- 
logically, we  are  certain  that  they 
contain  both  vaso-motor  and  sen- 
sory fibres ;  perhaps  there  may 
be  also  vaso-dilator  and  secretory 
tibres. 

V.  The  connective-tissue,  or 
interlobular  stroma  forms  in  the  ^Yv^^^v^vsq  section  of  apex' of '  Malpighian  pyramid.      .  ^, 
papilln.,  especially  at  their  a^^^^^^^^^      collecting  tubes  ;  h,c,  d,  tubules  of  Henle  ;     /.  bloo^l- 
hbrous,  concentric  layers  ot  con-      „ri;i1iiM?Q  >    >    >  > 

sideiable  thickness  between  the  capiiiaiies, 

excretory  tubules  (fig.  247).  Farther  outward.s,  the  fibrillar  character  becomes  less  distinct, 
while  at  the  same  time  branched  connective-tissue  corpuscles  occur  in  greater  numbers.   In  the 
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w  1 1  each  Ttl  of  nlr.vn  ?  nUn        ''^T'^       ''^^  "1  ^'''''^'"^  covpuBcles,  which  anastomose 
„  H  i        IV  ?  ^"""tity  of  delicate  iibrous  tissue  aiouml  Bowinan-s 

rr  ,  ;.?  ;nl  rr'''  f  '^''"^  connective-tissue  often  plays  an  important 

camn  /of  tl^^^^^^^^^  conditions  of  the  kidney,  ns  interstitial  nej.h.  itis.]  The  outer  layer  of  the 
capsule  of  the  kidney  are  composed  ol  dense  bnn.lles  of  fibrous  tissue,  while  the  deeper  layers 
.vre  noro  loose,  and  send  processes  into  the  cortical  layers.  The  capsule  is  easily  Ttri  ped  oT 
None  of  the  secretory  substance  is  removed  with  it.    Under  the  capsule  in  the  hLian' iidney 

« 'pnv  i,?n  1  1       ^       '''''I^'^'  ""^  °f  t^"'  "'•'^ter.    Smooth  muscular  fibres  also 

thp  L  ,  arrangement  round  the  anex  of  each  pajiilla,  while  others  proceed  from 

k  liv  •       >T' I  ^^11  Pff""'^'  bloocivessels  (Jardct).    The  fat  surrounding  the 

kidney  is  united  to  the  latter  pwrtly  by  blood-vessels  and  partly  by  bands  of  connective- 
tissue.     [The  subcapsular  layer  of  the  cortex, 
and  a  thin  layer  next  the  boundarv  zone  (fig. 
242,  a,  a),  are  devoid  of  Malj)ighian  corpuscles.] 
[Development  of  a  Malpighian  Capsule.  —The 
upijer  end  of  the  urinary  tubule  is  dilated  and 
closed,  and  into  it  there  grows  a  tuft  of  blood- 
—lOlO  vessels  (a)  pushing  one  layer  of  the  tube  before 
it  (ft),  hence  the  capillaries  become  invested  by 
linn      ^^^^     ^"  organ  is  surrounded  by  a  serous  sac, 
so  that  one  layer— the  reflected  one  (ft)— of  the 
tubule  is  closely  applied  to  the  blood-vessels, 
._1080  while  the  other  (c)  lies  loosely  over  it  with  a 
space  between  the  two  (fig.  248).] 

i.-io4o  255.  THE  URINE.— Physical 
Characters. — A  knowledge  of  tlie  com- 
l^osition  of  this  secretion  is  of  the  greatest 
value  to  the  physician  and  surgeon. 

1.  The  quantity  of  urine  passed  by  an 
adult  man  in  twenty -four  hours  is  between 
1000  and  1500  cubic  centimetres,  or  about 
50  ozs.,  and  in  the  female  900  to  1200 
c.c.  The  minimum  is  secreted  between 
2  to  4  A.M.,  and  the  maximum  between  2 
to  4  P.M.  {Weigelin). 

The  amount  is  diminished  by  profuse  sweat- 
ing, diarrhoea,  thirst,  non-nitiogenous  food, 
diminution  of  the  general  blood-jiressure,  after 
severe  haemorrhage,  and  in  some  diseases  of  the 
kidneys.  The  minimum,  which  may  be  normal, 
is  400  to  500  c.c.  It  is  increased  by  increase  of 
the  general  blood-pressure,  or  of  the  pressure 
within  the  area  of  the  renal  artery,  by  copious 
drinking,  contraction  of  the  cutaneous  vessels 
through  the  action  of  cold,  the  passage  of  a 
large  amount  of  soluble  substances  (urea,  salts, 
A  \  ji^j.^  ^jjg  urine,  a  large  amount  of 


Fig.  248.— Development  of  a  glomerulus  and  ^"8^^' 
Malpighian  capsule,    a,  capillary ;  6,  vis 
ceral ;  c,  parietal  layer  of  capsule 


nitrogenous  food,  as  well  as  by  various  drugs, 

 ^  such  as  digitalis,  alcohol,  squills.    After  taking 

Fig.  249. -^Graduated'' cylinder  and  flask  for  {^"^^^^  charged  with  C0„,  the  amount  of  urine  is 
measuring  the  amount  of  urine.  increased  during  the  following  hours  {Quincke). 

Fig.  250. — Urinonieter.  '  The  secretion  is  influenced  directly  by  the 

nervous  system,  as  in  the  sudden  polyuria  fol- 
lowing nervous  excitement,  such  as  hysteria,  [when  the  person  usually  passes  a  large  amount 
of  very  pale-coloured  urine] ;  after  an  epileptic  attack,  and  also  after  pleasurable  excitement 
{Benekc).  We  may  have  polyuria  unaccompanied  by  the  presence  of  sugar  in  the  urine,  which 
follows  injury  to  a  certain  part  of  the  floor  of  the  fourth  ventricle  {CI.  Bernard).  The  urine  is 
measured  in  tall  graduated  cylindrical  vessels  (tig.  249).  [In  estimating  the  quantity  of  urine 
l)assed,  the  patient  must,  of  course,  be  directed  always  to  empty  his  bladder  at  a  particular 
iiour,  and  collect  the  urine  imssed  during  the  next  twenty-four  hours.] 

2.  The  specific  gravity  varies,  as  a  mean,  between  1015  and  1025  ;  the  mini- 
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^  tr.      «Tafov  mnv  liP  1002'  while  the  maximum,  after 
„,un,,  afte.  cop  ous  j;t''';,r^,7o  r  Cmean  specific  gravity  i» 

Sit  iluYtlotter'a^ou't  70  grms  [2^  0,  ]  daily  oi  solid,  b,  the  unne,  or 
about  1  "rin.  of  solids  per  1  kilo,  of  body-weight. 

tall  cylindrical  Sj'^f '."J/^'^^  J^'^^eare  that  no  air-bubbles  adhere  to  the  instrument.  When 
and  not  touch  the  sides.    lake  c^ie  "i'^''  ^  ^  .  ^  level  with 

reading  off  the  mark  on         ^^tCn^^^^^  This  rule  is  adopted, 

the  surface  of  the      f '  f^^^^™,^^^^^  It  is  essential  that  a  sample  of  the 

because  the  water  "        /J'^^,^^^^^^^^^^    ,^e  used  for  ascertaining  the  mean  specific  gravity  ] 
mixed  unne  of  the  t«enty-tour  nouis  oe  useu  goUds  in  the  urine.    This  may  be  done 

S:^^^SS:iif2:JS^?«^^  C.C.  uieiutwLy. 

four  hours,  and  the  specific  gi-avity  is  1022,  then  _ 

22x2-33  =  51-26  gi-ms.  m  1000  c.c. 

To  ascertain  the  amount  in  1200  c.c.  ^  ^^^^ 

1000:1200::51-26:x  =  ^  =  61  51  gims.] 

Direct  Estimation  of  Solids.-Place  15  c.c.  of  urine  in  a  capsule  of  known  weight  and 
ev^^o'tfttTf^at^r-bath,  afterwai^s  comi^^ 

and  then  cool  it  over  concentrated  su  phuric  acid.    Dming  tl^e  P^o^^s^' ^  ^"^^^  ^"'eeiiic  gravity 

cen^trated?   The  most  dilute  urine  is  secreted  after  copious  ^rmking  (Urxn^^ 

pathological  conditions,  as  in  diabetes  mellitus  (§  175),  the  urine  is,  ^t  the  same  time  yeiy 

Copious  (as  much  as  10,000  c.c),  and  very  concentrated,  while  the  J^.^^^J/f^^^^^th^^ 

in'^n  to  lOfiO  rdue  to  the  presence  of  a  arge  amount  of  grape-sugar].    In  teyei  tue  mine  is 

concentrated,'  aS  small  in  Amount.    In  pofyuria,  due  to  certain  nervous  conditions,  the  unne 

is  very  dilute  and  copious,  while  the  specific  gravity  may  be  as  low  as  1001.  _ 

3  The  colour  of  the  urine  depends  on  the  colouring-matters  present  in  it,  and 
varies  greatly,  but  the  differences  in  colour  are  due  chiefly  to  variations  in  the 
amount  of  water.  Normally  it  has  a  pale  straw  colour,  but  if  it  contains  more 
water  than  usual  it  has  a  very  pale  tint,  and  in  certain  cases  (as  m  the  sudden 
polyuria  occurring  after  an  attack  of  hysteria)  it  may  be  as  clear  as  water,  (con- 
centrated urine,  as  after  meals,  or  the  first  urine  passed  in  the  mornmg  has  a 
darker  colour  ;  it  is  a  dark  yellow  or  brownish-red  ;  while  it  is  usually  dark 
coloured  in  fever. 

Fcetal  urine,  and  also  the  urine  first  passed  after  birth,  are  as  clear  and  colourless  as  water. 
The  admixture  of  various  substances  with  the  urine  alters  its  colour.  When  mixed  w  th  blood, 
according  to  the  degree  of  decomposition  of  the  hemoglobin,  the  urine  is  red  or  dark  brownish- 
red  [more  frequently  it  is  smoky],  especially  if  the  blood  comes  from  the  kidneys  ^i'?d  tlie  urine  is 
acid.  When  mixed  with  bHe  pigmente,  it  is  of  a  deep  yellowish-brown,  with  an  intense  ye  low 
froth;  senna  taken  internally  makes  it  intensely  red,  rhubarb  brownish-yellow  and  ca  bol  e 
acid  black.  Urine  undergoing  the  ammoniacal  fermentation  may  present  a  dirty  bluisli  «ippeai- 
ance  owing  to  the  formation  of  indigo.  The_^colour  of  urine  is  estimated  by  Neubauei  and 
Vogel  by  means  of  an  empirical  "colour-scale."  , 

Urine,  hut  especially  ammoniacal  urine,  exhibits  fluorescence,  which  disappears  on  tnc 
addition  of  an  acid,  and  reappears  after  the  addition  of  an  alkali.    ,., 

Normal  urine,  after  standing  for  several  hours,  deposits  a  fine  cloud  of  vesical  mucus  [  ike 
delicate  cotton  wool].  The  froth  of  normal  urine  is  white,  and  disappears  pretty  rapidly,  wniie 
that  on  an  albuminous  urine  persists  much  longer.  The  urine  not  unfrequently  contains  some 
epithelial  cells  from  the  bladder  and  urethra. 
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[Amounts  of  thk  Skveiiai,  Ubinauy 

CONSTITUICNTS  (Loebis<  /i). 


Constituents. 


(Jumitity  . 
Spucitic  gnivUv, . 
Wiiter,       .   ■  . 
Solids, 

Urea  

Ui  ic  acid,  . 
Sniliuni  cliloi'Idf, 
Pliospliovic  acid, 
Sulpliui'ic  acid,  . 
Pliospl\onis,  Calcium, 
Magnesium  phospluite, 
Total    quantity    of  ( 
cavtliy  phosphates,  ( 
Ammonia,  . 
Fi'ee  acid,  . 


Man,  2S  years  of  ago, 
weight,  72  kiloa.,  observa- 
tions over  H  days  (Kenter). 


In  24  hours. 


ilin.      Max.  Mean 


c.c. 
!()!)« 
11)15 


32 
0' 
15 

2 
0 
0 


0-92 


c.c. 

2150 
1027 


43-4 

1-  37 
19-20 

4-07 

2-  84 

0-  51 

1-  29 

1-80 

1-  01 

2-  20 


c.c. 
1491 
1021 


38-1 
0-94 

16-8 
3-42 
2-48 
0-38 

0-  97 

1-  35 

0-  83 

1-  95 


Mean  of 
analyses  in 

dilterent 
individuals 

iVogel). 


In  24  hours. 


c.c. 

1500 
1020 
1440 
BO 
35 

0-75 
l(i-5 
8-5 
2-0 


1-2 

0-65 


[Amounts  or  thr  Sevkbal  Uuinary 
CohSTiTDENTS  PASSED  IK  24  HoDiiB  {I'arket). 


Constituents. 


By  an  aver- 
age man  of 
UC  kilos. 


gi'nis. 

grms. 

Water, 

1500'000 

23-000  1 

Total  solids, 

72-000 

1-100 

Urea  

33-180 

0-600 

Uric  acid,  . 

0-555 

0-0084 

Hippuric  acid,  . 

0-400 

0-0060 

Ivreatinin,  . 

0-910 

0-0140 

Pigment    and  other 

substances, 

10-300 

0-1.510 

Sulphuric  acid,  . 

2-012 

0-0305 

Phosphoric  acid, 

3-164 

0-048C 

Chlorine,  . 

7-000  (8-12) 

0-12(10 

Ammonia,  . 

0-770 

Potassium,  . 

2-500 

Sodium, 

11-090 

Calcium, 

0-2C0 

Magnesium, 

0-207 

1 

Perl 
kilo,  of 

body- 
wclglit. 


4.  Consistence. — Normal  urine,  like  water,  is  a  freely  mobile  fluid. 

Large  quantities  of  sugar,  albumin,  or  mucus  make  it  less  mobile ;  while  the  so-called  chylous 
urine  of  warm  climates  may  be  like  a  white  jelly. 

5.  The  taste  is  a  saline  bitter,  the  odour  is  characteristic  and  aromatic. 
Ammoniacal  urine  has  the  odour  of  ammonia.    Turpentine  taken  internally  gives  rise  to  the 

odour  of  violets,  copaiba  and  cubebs  a  strongly  aromatic,  and  asparagus  an  unpleasant  odour. 
Valerian,  assafcetida,  and  castoreum  [but  not  camphor]  also  produce  a  characteristic  odour. 
[The  odour  of  diabetic  urine  is  described  as  "sweet."] 

6.  The  reaction  of  normal  urine  is  acid,  owing  to  the  presence  of  acid  salts, 
chiefly  acid  sodic  phosphate,  which  seems  to  be  derived  from  basic  sodic  phosphate, 
owing  to  the  uric  acid,  hippuric  acid,  sulphuric  acid,  and  COg  taking  to  themselves 
part  of  the  soda,  so  that  the  phosphoric  acid  forms  an  acid  salt.  After  a  diet  of 
flesh,  acid  potassic  phosphate  is  the  cause  of  the  acidity.  That  the  urine  contains 
no  free  acid  is  proved  by  the  fact  that  it  gives  no  precipitate  with  sodic  hypo- 
sulphite {v.  Voit,  Huppert). 

The  acid  reaction  is  increased  after  the  use  of  acids,  e.g.,  hydrochloric  and  phosphoric,  also 
by  ammoniacal  salts,  which  are  changed  within  the  body  into  nitric  acid  ;  lastly,  after 
prolonged  muscular  exertion.    The  morning  urine  is  sti-ongly  acid. 

The  urine  becomes  less  acid  or  alkaline— (1)  By  the  use  of  caustic  alkalies,  alkaline 
carbonates,  or  alkaline  salts  of  the  vegetable  acids,  the  last  being  o.xidised  within  the  body 
into  carbonates.  (2)  By  the  presence  of  calcic,  or  magnesic  carbonate.  (3)  By  admixture 
with  alkaline  blood,  or  pus.  (4)  By  removing  the  gastric  juice  through  a  gastiic  fistula  (p.  246, 
Maly) ;  further,  from  one  to  three  hours  after  a  meal.  [The  reaction  of  urine  passed  dTinng- 
digestion  may  be  neutral,  or  even  alkaline.  This  is  due  either  to  the  formation  of  acid  in  the 
stomach  [Bence  Jones),  or  to  a  fixed  alkali  derived  from  the  basic  alkaline  phosphates  taken 
with  the  food  (  W.  Roberts).']  (5)  The  urine  is  rarely  alkaline  in  anajmia,  owing  to  a  deficiency 
of  phosphoric  and  sulphuric  acids.  [(6)  The  nature  of  the  /oofi— vegetable  food  makes  it 
alkaline.     (7)  By  profuse  sweating.    (8)  By  absorption  of  alkaline  ti-ansudations  (blood, 

serum).]  -kt       ^  • 

[Method.— The  reaction  of  urine  is  tested  by  means  of  litmus  paper.  Normal  urine  turns 
blue  litmus  paper  red,  and  does  not  affect  red  litmus.  An  alkaline  urine  makes  red  litmus 
paper  blue,  while  a  neutral  urine  does  not  alter  either  blue  or  red  litraiis  paper.]  Sometimes 
violet  litmus  paper  is  used,  which  becomes  red  in  acid,  and  blue  in  alkaline  urine.  _ 

Estimation  of  the  Acidity.— This  is  done  by  determining  the  amount  of  caustic  soda 
necessary  to  produce  a  neutral  reaction  in  100  c.c.  of  urine.  A  soda  solution,  containing  O'OOjJl 
grm.  of  soda  in  each  c.c.  is  used  ;  1  c.c.  of  this  solution  exactly  neutralises  0-0063  grm.  oxalic 
acid  To  the  100  c.c.  of  urine  in  a  beaker,  soda  solution  is  added,  drop  by  drop,  trom  a 
"i-aduated  burette  (fig.  251),  until  violet  litmus  paper  becomes  neither  red  nor  bhie.  llie 
number  of  c.c.  of  soda  solution  is  now  read  off  on  the  burette,  and  as  each  c.c.  corresponds  to 
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0-0063  g.™.  oxalic  acid,  wc  - y -J-Jf  H'tTL^^^'^^ 

specific  g--ty  is  ngh,  an^^^^^^^^^^^  iticrve™  the  addition  of  an  acid)  and 

shows  a  P';^"^^*'^^;"  !^^^^^^^^^^  hunger,  the  urine  presents  the  character  of  that  of  car- 

IS -t^ailttms  case  pra^ctical^^  lives  upon  its  own  flesh  and  tissues. 

oKR    I  THE  ORGANIC  CONSTITUENTS  OP  URINE.-TJrea,  C0(NH2)2, 

the^difmSe'orCO;  or  carbamid,  is  the  chief  end-product  of  the  ox.dation  of  the 
nitrogenous  constituents  of  the  body.    Its  composi- 
tion !s  comparatively  simple:    1  carbonic  acid -f  2 
ammonia  -  1  water.    It  crystallises  m  silky  four- 
sided  prisms  with  oblique  ends  (rhombic  system) 
without  water  of  crystallisation  (fig.  252,  1),  it  it 
crystallises  rapidly  it  forms  delicate  white  needles. 
It  has  no  action  on  litmus,  is  odourless,  and  has  a 
weak,  bitter,  cooling  taste,  like  saltpetre  ■  is  readily 
soluble  in  water  and  alcohol,  but  insoluble  m  ether 
It  is  an  isomer  of  ammonium  cyanate,  f  rom  whicli  it 
may  be  prepared  by  evaporation,  whereby  the  atoms 
rearrange  themselves  {WoMer,  1828).     It  can  be 
prepared  artificially  in  many  other  ways. 

Decomposition. -When  heated  above  120°,  it  gives  off 
ammonia  vapour,  while  a  glassy  mass  of  biuret  and  cyanic 
acid  is  left.  When  urine  undergoes  the  alkaline  fermenta- 
tion (§  263),  or  when  urea  is  treated  with  strong  mineral 
acids  or  boiled  with  the  hydrates  of  the  alkalies,  or  super- 
heated with  water  (240°  C),  it  takes  up  two  molecules  of 
water  and  produces  ammonium  carbonate,  tlius 
CO{NH2).2  +  2H2O  =  COCNHP)^. 

When  brought  into  relation  with  nitrous  acid,  it  splits  up 
into  water,  CO.,,  and  N.  The  two  last  decompositions  are 
made  the  basis  of  methods  for  the  quantitative  estimation  ot 
urea  (§  257). 

Quantity.— In  normal  urine,  urea  occurs  to  the 
extent  of  2-5  to  3-2  per  cent.    An  adult  man  ex- 
cretes daily  from  30  to  40  grras.  [500  grains,  or  a 
little  over  1  oz.];  women  less,  children  relatively 
more  ;  owing  to  the  relatively  greater  metabolism  in 
children,  the  unit  weight  of  body  produces 
more  urea  than  the  unit  weight  of  an  adult, 
in  the  proportion  of  1-7  :  1.   If  the  metabol- 
ism of  the  body  is  in  a  condition  of  equi- 
librium (§  236),  the  urea  excreted  contains 
almost  as  much  N  as  is  taken  in  with  the 
nitrogenous  constituents  of  the  food. 

Variations  in  the  Quantity. — The  amount 
of  urea  increases  when  the  amount  of  pro- 
teids  in  the  food  is  increased ;  and  also  when  there  is  a  more  rapid  breaking  up 
of  the  nitrogenous  tissues  of  the  body  itself.  As  this  breaking  up  is  increased 
by  diminution  of  O,  and  by  loss  of  blood,  so  these  conditions  also  increase  the 
urea  (§  41).  It  is  also  increased  by  drinking  large  draughts  of  water,  by  various 
salts,  by  frequent  urination,  and  by  exposure  to  compressed  air.  In  diabetic 
persons,  who  eat  very  large  quantities  of  food,  it  may  exceed  100  grms.  [over  3 


Fig.  251. 
Graduated  burette. 
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oz.]  per  day  ;  during  hunger  it  sinks  to  6-1  grms.  [90  grains]  per  day.'  During 
inanition,  the  maximum  amount  is  excreted  towards  mid-day,  and  the  rhinimum  in 
the  morning.  The  daily  amount  of  urea  varies  with  the  quantity  of  urine  ;  three 
to  five  hours  after  a  meal,  the  formation  of  urea  is  at  a  maximum,  when  it  sinks 
and  reaches  its  minimum  during  the  night.  Muscular  exercise,  as  a  rule,  does 
not  increase  it  {v.  Voit,  Fick  and  Wislicenus — §  295),  but  only  when  deficiency  of 

O,  causing  dyspnoea,  occurs  at  the 
same  time  (Oppenheim). 


rig.  252. 

1,  2,  Prisms  of  pure  urea;  3,  rliomboidal  plates  ;  4,  hexagonal  tablets  ;  5,  6,  irregular  scales 

and  plates  of  urea  nitrate. 

Pathological. — In  acute  febrile  inflammations,  and  in  fevers  generally  (§  22,  3),  the  urea 
increases  until  tlie  crisis  is  reached,  and  afterwards  it  diminishes.  After  the  fever  has  passed 
off,  the  amount  excreted  is  often  under  the  normal.  In  some  cases  of  high  fever,  although  the 
amount  of  urea  formed  is  increased,  it  may  not  be  excreted  ;  there  is  a  retention  of  the  tirca, 
which,  later  on,  may  lead  to  an  increased  excretion  {Naunyn).  In  chronic  diseases,  the  amount 
depends  largely  upon  the  state  of  the  nutrition,  the  metabolism,  and  also  upon  the  degree  of 
fever  present.  Degenerative  changes  in  the  liver,  e.g.,  due  to  poisoning  with  phosphorus,  may 
be  accompanied  by  diminished  excretion  of  urea  and  increased  excretion  of  ammonia 
{Staclehnann).  It  is  increased  in  man  by  morphia,  narcotin,  narcein,  papaverin,  codein, 
thebain  (Fubini),  arsenic  {Gdthgcns),  compounds  of  antimony,  and  small  doses  of  phosphorus 
[Bcmcr),  which  favour  the  decomposition  of  proteids,  and  by  substances  which  increase  the 
bile  formation  in  the  liver  {N'.  Paton).    Quinine,  which  "  spares  "  the  proteids,  dimmishes  it. 

Occurrence.— Urea  occurs  in  the  blood  (1  :  10,000),  lymph,  chyle  (2  :  1000),  liver,  lymph- 
glands,  spleen,  lungs,  brain,  eye,  bile,  saliva,  amniotic  iluid,  and  pathologically  in  sweat,  e.g., 
in  cholera,  in  the  vomit  and  sweat  of  ursemic  patients,  and  in  dropsical  fluids. 

Formation. — It  is  certain  that  it  is  the  chief  end-product  of  the  metabolism  of 
the  proteids.  Less  oxidised  products  are  uric  acid,  guanin,  xanthin,  hypoxanthin, 
alloxan,  allantoin.  Uric  acid  administered  internally  appears  in  the  urine  as  urea  ; 
alloxan  and  hypoxanthin  can  be  changed  directly  into  urea.  The  urea  excretion  is 
increased  by  the  administration  of  leucin,  glycin,  aspartic  acid,  or  ammonia  salts 
(Schuhen,  Nencici).  As  yet  it  has  not  been  definitely  determined  where  urea  is 
formed,  but  the  liver  and,  perhaps,  the  lymph  glands,  are  organs  where  it  is  pro- 
duced (§  178). 

In  birds,  the  liver  forms  uric  acid  from  ammonia.  The  liver  can  be  readily  excluded  from 
the  circulation  in  birds,  and  Minkowski  found  that  after  this  operation  the  uric  acid  was  dimi- 
nished and  the  ammoniacal  salts  were  increased  (§  178).  .  , 

Antecedents.— During  digestion,  the  proteids  are  converted  into  leucin,  tyrosin,  glycin,  ana 
aspartic  acid.  If  the  amido-acids,  glycin,  leucin,  or  aspartic  acid,  or  ammoniacal  salts,  be  given 
to  an  animal,  the  amount  of  urea  excreted  is  increased.  As  the  molecule  of  the  amido-acids 
contains  only  one  atom  of  N,  and  the  molecule  of  urea  contains  two  of  N,  it  is  probable  tHat 
urea  may  be  formed  synthetically  from  these  acids.    It  is  possible  that  the  amido-acids  meet 
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with  uitroaeuous  residues  in  the  juices  of  the  body,  e.g.,  carbamic  acid  or  cyanic  acid.  The 
m  on  of  tlw30  may  produce  urea.  According  to  Salkowski,  feedi ng  with  these  substances  causes 
tirbreaki  1-  up  of  the  proper  proteids  of  the  body  so  as  to  provide  the  necessary  components. 
Schmiedeb^2  is  of  opinion  that  urea  is  formed  in  the  body  from  ammonia  carbonate  by  the 
ve,~of  water;  anfl  v.  Schroder  found  that  when  he  passed  blood  containing  ammonia  car- 
bonate tlirou<^h  a  fresh  liver,  the  urea  i.i  the  blood  was  greatly  increased.  Drechsel  succeeded 
iirnroduc  n^urea  at  ordinary  temperatures  by  the  rapid  alternating  oxidation  and  reduction  of 
L  watery  ofution  of  ammonia  carbonate.  [We  know  that  the  greater  part  ot  the  urea  exists  in 
thrblood  and  that  the  renal  epithelium  removes  it  from  the  blood.  Although  it  is  surmised 
that  some  of  the  nitrogenous  bodies  named  above,  more  especially  leucin,  and  perhaps  also 
kreatin,  are  the  precursors  of  urea,  yet  we  cannot  say  delinitely  how  or  where  the  transtorraation 
tikes  place  Perhaps  this  is  effected  in  the  liver,  and,  it  may  be,  also  in  the  spleen  {§  193).J 
'  Preparation  —Urea  may  be  prepared  from  dog's  urine  (especially  after  a  diet  of  Hesh)  by 
evaponitino-  it  to  a  syrupy  consistence,  extracting  it  with  alcohol,  and  again  evaporating  the 
liltnite  to"  a  syrupy  consistence.    The  crystals  which  -  ^ 

separate  are  washed  with  water  to  remove  any  extractives 
that  may  be  mixed  with  them,  and  dissolved  in  absolute 
alcohol.  It  is  then  filtered  and  allowed  to  crystallise 
slowly  Or,  human  urine  may  be  evaporated  to  one-sixth 
of  its  volume  and  cooled  to  0°,  and  excess  of  strong  nitric 
acid  added,  which  precipitates  urea  nitrate  mixed  with 
colourinc-matter.  This  precipitate  is  pressed  m  blotting- 
paper,  then  dissolved  in  boiling  water  containing  animal 
charcoal,  and  filtered  while  hot.  When  it  cools,  colourless 
crystals  of  urea  nitrate  separate  (fig.  252).  These  crystals 
are  redissolved  in  warm  water,  and  barium  carbonate  added 
until  effervescence  ceases  ;  urea  and  barium  carbonate  are 
formed.    Evaporate  to  dryness,  extract  with   absolute  j,-  _  253. 

alcohol,  filter,  and  allow  evaporation  to  take  place,  when    ^^^^^^^  ^^^^^^^  ^^^^^^ 

urea  separates. 

Compounds  of  Urea. — Urea  combines  with  acids,  bases,  and  salts.  The  follow- 
inc  are  the  most  important  combinations  : — 

1.  Urea  nitrate  (CH4N0O,  HNO;))  is  easily  soluble  in  water,  and  not  so  soluble  in  water  cou- 
tainino-  nitric  acid.  It  fol-ms  characteristic  rhombic  crystals  (fig.  252,  3,  4,  5,  6).  Sometimes 
the  fomation  of  these  crystals  is  used  to  determine  microscopically  the  presence  of  urea  in  a  fluid. 
If  a  fluid  is  suspected  to  contain  minute  traces  of  urea,  it  is  concentrated  and  a  drop  of  the  fluid 
is  put  on  a  microscopic  slide.  A  thread  is  placed  in  the  fluid,  and  the  whole  is  covered  with  a 
cover-glass.  A  drop  of  concentrated  nitric  acid  is  allowed  to  flow  under  the  cover-glass,  and  after 
a  time°crystals  of  urea  nitrate  adhering  to  the  thread  may  be  detected  with  the  microscope. 

2.  Urea  oxalate  (CH4N,0),,  G.^.p^  +  R^O,  is  made  by  mixing  a  concentrated  solution  of 
urea  with  oxalic  acid.  The  crystals'  form  groups  of  rhombic  tables,  often  of  irregular  shape. 
It  is  only  slightly  soluble  in  cold  water,  and  still  less  so  in  alcohol  (fig.  253). 

3.  Urea  phosphate  (CH4N2O,  H3PO4),  forms  large,  glancing,  rhombic  crystals,  very  easily 
soluble  in  water.    It  is  obtained  by  evaporating  the  urine  of  pigs  fed  on  dough. 

4.  Sodic  chloride -f  urea  (CH4N2O,  NaCl  +  HjO)  forms  rhombic,  shining  prisms,  which  are 
sometimes  deposited  in  evaporated  human  urine. 

5.  Urea -f  mercuric  nitrate  is  obtained  as  a  white  cheesy  precipitate,  when  mercuric  nitrate 
is  added  to  a  solution  of  urea.    Liebig's  titration  method  for  urea  depends  on  this  reaction 

■  (§  257,  II.). 

257.  QUALITATIVE  AND  QUANTITATIVE  ESTIMATION  OF  UEEA.— I.  The  qualita- 
tive Estimation  of  Urea. — (1)  It  may  he  isolated  as  such.  If  albumin  be  present,  add  to  the 
fluid  three  or  four  times  its  volume  of  alcohol,  and,  after  several  hours,  filter.  Evaporate 
the  filtrate  over  a  water-bath,  and  dissolve  the  residue  in  a  few  drops  of  water. 

(2)  The  crystals  of  urea  nitrate  may  be  detected  microscopically  (fig.  252). 

II.  Quantitative  Estimation. — (1)  Sodic  hypobromite  decomposes  urea  into  CO.,,  HjO,  and  N. 
On  this  reaction  depends  the  Knop-Hiifner  method  of  quantitative  estimation.  The  N  rises  in 
the  form  of  small  bubbles  in  the  mixed  fluid,  while  the  COo  is  absorbed  by  the  caustic  soda. 
[The  reaction  is  the  following  : — 

N.2H4CO  +  SNaBrO  =  3NaBr  +  CO2  +  2H2O  +  N. 
The  nitrogen  is  collected  and  estimated  in  a  graduated  tube,  and  the  amount  of  urea  calculated 
from  the  volume  of  nitrogen.    The  uric  acid  is  also  decomposed,  but  that  can  be  estimated 
separately  and  a  correction  made.    We  may  use  the  apparatus  of  Russell  and  West,  or  Dupre, 
or  that  of  Charteris  (fig.  254).] 

[Ureameter. — Make  a  solution  of  hypobromite  of  soda  by  mixing  100  grammes  NaHO  in  250 
c.c.  of  water,  and  adding  25  c.c.  of  bromine.    It  is  better  to  be  made  fresh,  as  it  decomposes  by 


398 


QUANTITATIVE  ESTIMATION  OF  UREA. 


eping.  Tho  graduated  tube  is  placed  iu  a  cylindncal  vessel,  filled  with  water,  and  depressed 
until  tho  zero  on  the  tubes  coincides  with  the  level  of  the  water.  Introduce  15  c.c.  of  the 
hj'pobroniite  solution  into  the  pyrauiidal-.shaped  bottle,  while  into  a  short  test-tube  are  placed 
5  c.c.  of  urine.    The  test-tube  with  the  urine  i.s  introduced  into  the  bottle  by  means  of  a  pair 


of  forceps  in  such  a  way  that  it  does  not  spill.    Close  the  Ijottle  tightly  with 


pan- 
tile caoutchouc 

iin   ill  oviL/ii  "I        ^"j    v^.v-w-w—  —      tD  tJ 

stopper,  through  which  jjas.ses  a  glass  tube  to  connect  it  with  the  graduated  burette.  Incline 
the  bottle  .so  as  to  allow  the  urine  to  mix  with  the  hypobroniito  solution  when  the  gases  are 
f'iven  oil",  and  pass  into  the  collecting  tube,  which  is  gradually  raised  until  the  surfaces  of 
the  liciuids,  outside  and  in,  coincide.  Time  should  be  allowed  to  permit  the  whole  ajiparatus 
to  have  the  same  temperature.  Read  oil'  tho  amotiut  of  gas  N  evolved,  for  the  CO.,  Ls  absorbed 
by  the  caustic  soda.  Tho  collecting  tube  is  usually  graduated  beforehand,  so  that  each  division 
of  the  tube  is  =  0-l  per  cent,  of  urea,  or  0-44  gr.  per  fluid  oz.  Thus,  supjiose  that  50  oz.  of  urine 
are  passed  in  twentv-f'our  hours,  and  that  c.c.  of  urine  evolve  18  measures  of  N,  then 
"  0-44  X  18  X  50  =  396  grs.  of  urea.  If,  however,  the  tube  be  graduated  mto 
CO.,  then  30-3  c.c.  of  N  =  0-1  grm.  of  urea  at  the  ordinary  temperature  and 
"prGSSiirG,  ] 

III.  Voliimetric  Method  {LieHg).—'Ry  means  of  a  graduated  pipette 
(fig.  255),  40  cubic  centimetres  of  the  urine  are  placed  in  a  beaker  ;  ajld 
20  cubic  centimetres  of  baritim  mixture  to  precipitate  the  sulphuric  and 
phosphoric  acids.  The  barium  mixture  consists  of  1  vol.  ,  j 
of  a  cold  saturated  solution  of  barium  nitrate  and  2  vols,  of 
a  cold  saturated  solution  of  barium  hydrate.  Filter  through 
a  dry  filter,  and  take  15  cubic  centimetres  of  the  filtrate,  . 
which  correspond  to  10  c.c.  of  urine,  and  place  in  a  beaker. 
Allow  a  titrated  standard  solution  of  mercuric  nitrate  to 
from  a  burette  into  the  urine  until  a  precipitate  no 


20  Ct 


Fig.  254. 
Ureameter  of  Charteris. 


longer  occurs.  The  mercuric  nitrate 
is  made  of  such  a  strength  that  1 
cubic  centimetre  of  it  will  combine 
with  10  milligrammes  of  urea.  Test 
a  drop  of  the  mixture  from  time  to 
time  iu  a  watch-glass  or  piece  of 
glass  blackened  on  its  under  sur- 
face, with  a  solution  of  sodic  car- 
bonate, which  is  called  the  indicator. 
Whenever  the  slightest  excess  of 
mercuric  nitrate  is  added,  the  mix- 
ture strikes  a  yclMv  colour  with  the 
soda.  The  standard  solution  must 
be  added  drop  by  drop  until  this 
result  is  obtained.  Read  oil'  the 
number  of  cubic  centimetres  of  the  standard  solution  used  ;  as  each  centimeti-e 
corresponds  to  10  milligrammes  of  urea,  multiply  by  ten,  and  the  amount  ot  urea 
in  10  cubic  centimetres  of  urine  is  obtained.  _  i     •  rn 

This  method  does  not  give  quite  accurate  results  even  m  normal  urine,  io 
urine  containing  much  phosphates  is  added  an  equal  volume  of  the  banum  mix- 
ture Very  acid  urines  may  require  several  volumes  to  be  added.  Urine  contam- 
in-  albumin  or  blood  must  be  boiled,  after  the  addition  of  a  few  drops  of  acetic 
acid  to  remove  the  albumin.  The  sodic  chloride  in  the  urine  also  interferes  with 
the 'accuracy  of  the  process,  as  on  adding  mercuric  uitrate  to  urme,  mercimc 
chloride  and  sodic  nitrate  are  formed,  so  that  the  urea  does  not  combine  until 
the  sodic  chloride  is  decomposed.  When  the  urine  contains,  as  is  usually  the 
case,  1  to  1|  per  cent.  NaOl,  deduct  2  c.c.  from  the  number  of  c.c.  of  the  b.b. 

^'^SwtYon  oflhTtotal  N  in  Urine. -rflliger  and  Bohland  recommend  the 
following  modification  of  the  method  of  Kjeldahl. _  Five  c.c.  of  a  urine  ot  medium 
concentiation  are  allowed  to  flow  from  a  burette  into  Erleumeyer  s  flask,  capable 
of  containing  about  300  c.c,  and  to  it  are  added  20  c.c.  of  concentrated  sulphuric 
acid     The  whole  is  boiled  until  all  the  water  and  gases  are  driven  olf.  The 


Fig.  255. 
Graduated 
pipette. 

fluid  at  first 


nnid     The  w  lole  is  bouea  untu  au  uie  wa-wi  auiL  f^ao^o  ..^^  "  "       c  i 

becomes  black  from  the  action  of  the  sulphuric  acid,  but  when  it  has  beconie  of  brownish  tone 
pTerthe  hTat  of  the  Bunscn  burner.  About  half  an  hour  suttices  to  heat  it,  when  the  fluid  at 
ast  becomes  brilht  yellow.  Allow  it  to  cool,  dilute  it  with  water  to  200  cc,  and  p  ace  the 
vholeTrflask  add  80  c.c.  of  caustic  soda  {S.9.  1-3),  cork  the  flask  as  quickly  as  ible  anJ 
SHHt.  CO  tents  The  distillate  must  pass  over  into  sulphuric  acid,  which  must  be  titrat^ed 
JSihanT  Th^iuantity  of  sulphuric  acid  not  combined  with  ammonia  must  be  estimated  by 

m  N  S'lhrulVmay  bo  estimated  approximately  thus.    To  10  c.c.  of  the  urine  add  from 
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.V  burette  Liebig's  mercuric  nitrate  solution,  and  test  the  nuxture  in  a  black  glass  plate  with 
a,y  sodic  bicarbonate  until  a  yellow  speck  remains.  Multiply  the  number  of  c.c.  of  the  burette 
thiid  used  by  0-Oi  {Pflilgcr  and  BoMand). 

258  URIC  ACID  =  Cr,H4N403  is  the  nitrogenous  substance  which,  next  tn 
urea  carries  off  most  of  the  Nfrom  the  body;  in  twenty-four  hours  0-5  grm.  (7 
to  10  f^rains) ;  during  hunger,  0-24  grm.  (4  grains) ;  after  a  strongly  animal  diet, 
"i-ra  (30  to  35  grains)  are  excreted.  The  proportion  of  urea  to  uric  acid  is 
45  •  1  If  a  mammal  be  fed  with  uric  acid,  part  of  it  becomes  more  highly  oxidised 
into  urea,  while  the  oxalic  acid  in  the  urine  is  also  increased  (§  260);  in  fowls, 
feedino'  with  leucin,  glycin,  or  aspartic  acid  {v.  Knieriem),  or  ammonia  carbonate 
(Schroedei-),  increases  the  amount  of  uric  acid.  When  urea  is  administered  to  fowls, 
it  is  reduced  chiefly  to  uric  acid. 

It  is  the  chief  nitrogenous  product  in  the  urine  of  birds,  reptiles,  and  insects,  while  it  is 
absent  from  herbivorous  urine.  '  _         .       „         ,n  cKr' 

Properties.  —It  is  dibasic,  colourless,  and  crystallises  in  various  forms  (hgs.  J5b 
and  257),  belonging  to  the  rhombic  system  (1).  When  the  angles  are  rounded,  the 
u'hetstone  iovm  (2)  is  produced,  and  if  the  long  surfaces  be  flattened,  six-sided  tables 
occur  Not  unfrequently  diabetic  urine  deposits  spontaneously,  large,  yellow, 
transparent  rosettes  (6,  8).  If  20  c.c.  of  HCl,  or  acetic  acid,  be  added  to  1  litre  of 
urine  crystals  (9)  are  deposited,  like  cayenne  pepper,  on  the  surface  and  sides  of 
the  Asiss,  after  several  hours.  [The  HCl  decomposes  the  urates,  and  hberates  the 
acidf  which  does  not  crystallise  at  once,  owing  to  the  presence  of  the  phosphates  in 
the  urine.  Crystals  of  uric  acid  are  usually  yellowish  in  colour  from  the  pigment 
of  the  urine,  and 
they  are  soluble 
in  caustic  pot- 
ash.] 

Solubility. — It  is 

tasteless  and  odour- 
less ;  reddens  lit- 
mus ;  is  soluble  in 
18,000  parts  of  cold 
and  in  15,000  of 
boiling  water,  and 
insoluble  in  alcohol 
and  ether.  Hor- 
baczewskl  prepared 
it  synthetically  by 
melting  together 
glycin,  or,  as  it  is 
also  called,  glyco- 
cin,  and  urea.  It 
is  freely  soluble  in 
alkaline  carbonates, 
borates,  phosphates, 

lactates,    and  ace-  „-„ 
tates  these  salts  at 

the  same  time  re-  Foims  of  uric  acid.    1,  Rhombic  plates  ;  2,  whetstone  forms  ;  3,  quadrate 
movincT  a  part  of    forms;  4,  5,  prolonged  into  points;  6,  8,  rosettes;  7,  pointed  bundles; 
thebas^-  thus  there    9j  barrel  forms  precipitated  by  adding  hydrochloric  acid  to  uriue. 
are  formed  acid  urates  and  acid  salts  from  the  neutral  salts.    It  is  soluble  in  concentrated  sul- 
phuric acid,  from  which  it  may  be  precipitated  by  the  addition  of  water. 

Decomposition. — During  dry  distillation  it  decomposes  into  urea,  cyanuric  acid,  hydrocyanic 
acid,  and  ammonium  carbonate.  Superoxide  of  lead  converts  it  into  urea,  allantoin,  oxalic 
acid,  and  COo ;  while  ozone  forms  the  same  substances,  with  the  addition  of  alloxan.  When  it 
is  reduced  by  H  in  statu  nascmdt,  as  by  sodium  amalgam,  it  forms  xanthin  and  sarkin.  It  is 
a  less  oxidised  metabolic  product  than  urea,  but  it  is  by  no  means  proved  that  uric  acid  is  a 
precursor  of  urea. 

Occurrence. — Uric  acid  occurs  dissolved  in  the  urine  in  the  form  of  acid  urates 
of  soda  and  potash.    These  salts  occur  also  in  urinary  calculi,  gravel,  and  in  gouty 
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deposits.  Ammonium  urate  occurs  in  very  small  quantity  in  a  deposit  of  "  urates," 
but  is  formed  in  considerable  amount  when  urine  becomes  ammoniacal  from  decom- 
position (fit'-  2G1)  Fret  uric  acid  occurs  in  normal  urine  only  in  the  very  smallest 
amount.  It  is  sometimes  deposited  aflat-  a  iivie  (fig.  260).  It  frequently  forms 
urinary  calculi  and  gravel. 

Tho  mino  of  nowlv-boni  children  contains  much  uric  acid.  Uric  acid  and  its  salts  are 
increased  after  severe  muscular  exertion,  accompanied  by  perspiration,  in  catarrhal  and  rheu- 
matic fevers,  and  such  conditions  as  are  accompanied  by  disturbance  ot  the  respiration ;  in 
EiSmia  and  tumours  of  the  spleen,  cirrhotic  liver,  and  generally  in  cases  of  catarrh  of  the 
stomach  and  intestinal  tract,  fallowing  the  excessive  use  of  alcohol  [It  is  also  increased 
dS  agu  and  fevers,  and  perhaps  this  has  some  relation  to  the  congestion  of  the  «Pl«J»;vl>  ^ 
accompanies  these  conditions.]  It  is  diminished  after  copious  draughts  ot  water,  after  large 
S^Ku  nine,  callein,  potassic  iodide,  common  salt,  sodic  and  lithic  carbonates,  sodic  sul- 
nhate  nhal  tioA  of  0,  si  ght  muscular  exertion.  In  gout,  the  amount  excreted  in  the  uiiue 
Fs  small  In  chronic  tumours  of  the  spleen,  anaemia,  and  chlorosis,  when  the  respiration  is  not 
at  the  same  time  embarrassed,  it  is  also  diminished. 

Urates.— Uric  acid  forms  salts-chiefly  acid  urates-with  several  bases  which 
dissolve  with  difficulty  in  cold  water,  but  are  easily  soluble  in  warm  water,  ^^f^tral 
urates  are  changed  by  CO.,  into  acid  salts.  Hydrochloric  and  acetic  acids  break 
up  the  compounds,  and  crystals  of  uric  acid  separate. 

Acid  sodic  urate  usually  appears  as  a  brick-red  deposit  in  urine;  more  rarely  gi-ev  or 

1  ■?  n^\,oS.  denositr  t^^^^^^  uroerythrin,  in  catarrhal  conditions  of  the  digestive 

white  (late  itioub  'i«=P°f;)'  ^"^3^,*^  JXctions     Microscopically,  it  is  completely  amorphous, 

urate  rarely  occurs  in  urinary  calculi. 

OPiQ  ESTIMATION  OF  URIC  ACID.-I.ftualitative.-l.  Microscopic  Char- 
acters-The  api^rances  presented  by  uric  acid  and  its  salts  under  the  ^-roscope. 
It  is  deposited  f^rom  urine  after  several  hours,  on  adding  acetic  or  bjdrochlor  c  acid^ 

9  Sexide  Test  -Gently  heat  a  urate  or  uric  acid  in  a  porcelain  vessel  along 
with  Sc  acid  Decomposition  takes  place  and  the  colour  changes  to  ye  low  N 
ri  JcTarrc^iVen  off  ;  urea  and  alloxan  (C,H,N,0,)  remain  Evaporate  slowly 
and  S&w  tL^J^U^^^^^^  to  cool;  on  adding  a  drop  of  ^^^-^f^^^^^c 

vuM-red  colour  of  murexide  is  obtained,  it  becomes  blue  on  the  addition  of  caustic 
?S    If  potash  or  soda  be  added  instead  of  ammonia  a  ^^^^^^l^^^lL 

first  white  urate  of  the  suboxide  of  copper  IS  deposited,  \\  hile  later,  reucoppei 
^'iL  Quantitative  Estimation. -Add  5  cubic  centimetres  of  co^^^^  HC^  l^^^^^^^^^^ 

urine,  and  allow  it  to  stand  for  fortj^eight  ,fot  pVrci,    at  rbTth^^  HCl,  even  after 

like  fine  cayenne  pepper  crystals     All  the  uric  acid  is  "°tP;3  tate  the  uric  acid  as  urate  of 

£^%^dic1Xis?ddtdrpL"^^^^^^^ 

phaie  sS  Uon,  wJich  precipitatrs  ui-rte  of  zinc  L  a  -^'te  gelati^us^ep^^^ 
^  Fokker-SaUiowski  Method. -Make  200  c.c.  of  urine  strongly  alkaline  witu  souic  ^^^^^^^  ^^.^ 


filter,  and  wash  it  several  times,    ^'l^       J  ™'m"^^^^^^^^ 

until  all  the  acid  urate  is  dissolved.   Fiom  *°       .       '  the  acid  reaction  dis- 


appears, 
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260  KREATININ  AND  OTHER  SUBSTANCES— Kreatinin C4H9NP2 is 
derived  from  the  kreatiii  of  muscle  by  the  removal  of  a  molecule  of  water,  and  partly 
from  flesh  food.  The  quantity  excreted  daily  is  0-6  to  1-3  gramme  (8  to  18 
grains). 

is  diminished  in  pvoercssive  muscular  atrophy,  tetanus,  anaimia,  marasmus,  chlorosis, 
consumption,  paralysis  ;  ami  is  increased  in  typhus,  inflammation  of  the  lung;  it  is  absent 


from  the  urine  of  sucklings.  in-       4.        i  1  4.  1    i,  1 

Properties.— Kreatiniii  is  alkalkie,  easily  soluble  in  wator  and  hot  alcohol 


It  forms  colour- 
less obli.iue  rhombic  "coiun.ns  ;  unites  with  acids  and  salts,  silver  nitrate  mercuric  chloride, 
'■  ■         ^jiJorklc.    Kreatinin-zinc  chloride  (fig.  257)  is  used  to  detect  its  pres- 


1  gramme  in  300  kilos,  of  urine.    It  is  a 


We'vl's  Test  —Add  to  urine  a  few  drops  of  a  slightly  brownish  solution  of  nitro-prusside 
of  soda  and  then  weak  caustic  soda  solution,  producing  a  Burgundy-red  colour,  which  soon 
disanne'ars  When  heated  with  glacial  acetic  acid,  the  colour  changes  to  green,  which  after  a 
time  changes  to  blue  (Salkoivski).  [The  blue  colour-Berlin  blue-is  due  to  the  formation  of  an 
iron-salt  lerro-cvanide  of  sodium  from  the  decomposition  of  the  nitro-prusside.  Ihe  reaction 
also  succeeds  with  formic  acid— instead  of  glacial  acetic  acid— if  some  time  be  allowed  to  elapse 
after  Weyl's  reaction.] 

Xanthin  =  CBH4N40,,  occurs  only  to  the  amount  ot 
substance  intermediate  between  sarkin 


and  uric  acid.  Guaniu  and  hypoxan- 
thiii  may  be  changed  into  xauthin  ;  in 
contact  with  water  and  ferments  it  passes 
into  uric  acid.  When  evaporated  with 
nitric  acid,  it  gives  a  yellow  stain,  which 
becomes  yellowish-red  on  adding  potash, 
and  violet-red  on  applying  more  heat. 
It  is  an  amorphous,  yellowish-white 
powder,  fairly  soluble  in  boiling  water. 
It  has  also  been  found  in  traces  in 
muscles,  brain,  liver,  spleen,  pancreas, 
and  thymus.  The  crystalline  body 
paraxanthin  (dimethylxanthin)  and  the 
amorphous  heteroxanthin  (methylxan- 
thin)  occur  in  traces  in  the  urine  {Salo- 
mon). 

Sarkin  or  Hypoxanthin,  C.,H4]Sr40. — 
As  yet  this  substance  has  been  found 
only  in  the  urine  of  leukpemic  patients 
{Jakuhasch),  and  it  has  been  prepared 
in  the  form  of  needles  or  flattened  scales 
from  muscle,  spleen,  thymus,  brain, 
bone,  liver,  and  kidney.  In  normal  ■ 
urine  a  body  nearly  related  to,  and  pos- 
sibly identical  with,  hypoxanthin  occurs 
{£.  Salkou-ski).  Hypoxanthin  closely  resembles  xanthin,  and  can  be  changed  into  it  by  oxida- 
tion. Nascent  hydrogen,  on  the  other  hand,  reduces  uric  acid  to  xanthin  and  hypoxanthin. 
When  evaporated  with  nitric  acid  it  gives  a  light  yellow  stain,  which  becomes  deeper,  but  not 
reddish-yellow,  on  adding  caustic  soda.  It  is  more  easily  soluble  in  water  than  xanthin,  and 
by  this  means  the  two  substances  can  be  separated  from  each  other.  Guanin  is  insoluble  in 
water. 

Oxaluric  acid  (03114^004)  occurs  in  very  small  quantity  combined  with  ammonia  in  urine. 
Physiologically,  it  is  interesting  on  account  of  its  relation  to  uric  acid.  It  is  a  white  powder 
slightly  soluble  in  water.    Ammonia  oxalurate  can  be  prepared  from  uric  acid. 

Oxalic  Acid  (C2H2O4)  occurs,  but  not  constantly,  to  the  amount  of  20  milli- 
grammes daily  as  oxalate  of  lime,  whicli  is  known  by  the  "  envelojje  "  shape  of 
the  crystals  (fig.  258)  ;  insoluble  in  acetic  acid,  and  forming  transparent  octabedra. 
More  rarely  it  assumes  a  biscuit  or  sand-glass  form.  The  genetic  relation  of  oxalic 
acid  to  uric  acid  is  shown  by  the  fact,  that  dogs  fed  with  uric  acid  excrete  much 
oxalate  of  lime.  Oxalic  acid  may  also  be  produced  by  the  oxidation  of  products 
derived  from  the  fatty  acid  series  (p.  381). 

Oxalnria. — The  eating  of  substances  containing  oxalate  of  lime  (rhubarb)  increases  the  excretion. 
Increased  excretion  is  called  oxaluria  ;  it  is  regarded  as  a  sign  of  retarded  metabolism  {Benckc), 
and  it  may  give  rise  to  the  formation  of  a  calculus.    In  oxaluria  the  uric  acid  is  also  often  in- 

2  c 


Fig. 

Kreatinin-zinc  chloride,  a, 


257. 

balls  with  radiating  marks : 


h,  crystallised  from  water  ;  c,  from  alcohol. 
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IIIPPUEIC  ACID. 


nitrogenous  substances 


Fig.  2.58. 
Oxalate  of  lime,    a,  h,  octa- 
liedra ;  c,  compound  forms ; 
d,  dumb-bells. 


ci'oascd  in  amount.  Perlmps,  in  the  first  instance,  there  is  an  increased  formation  of  uric  acid, 
from  wliieh  oxalic  acid,  urou,  and  CO.,  may  be  formed.  The  amount  of  oxalic  acid  is  increased 
after  the  use  of  wine  and  sodiu  bicarbonate. 

Hippuric  Acid  =  C>,HuNOs  (Benzoylamidoacetic  acid)  occurs  in  large  amount  in 
the  urine  of  horbivora,  and  in  them  is  the  chief  end-product  of  the  metabolism  of 

in  human  urine  the  daily  quantity  is  small,  0-3  to  3-8 
grras.  (5  to  50  grains).  It  is  an  odourless  monobasic 
acid  with  a  bitter  taste,  crystallising  in  colourless  four- 
sided  prisms  (fig.  259).  Keadily  soluble  in  alcohol,  and 
soluble  in  600  parts  of  water. 

[Crystals  of  hippuric  acid  wlien  heated  in  a  test-tube  are  decom- 
posed, and  a  sublimate  of  benzoic  acid  and  amnionic  benzoate 
condenses  on  tlio  upper  cool  part  of  the  tube,  wliile  there  is  an 
odour  of  new  hay,  and  oily  drops  remain  in  the  tube.] 

It  is  a  conjugated  acid,  and  is  formed  in  the  body  from 
benzoic  acidj  or  some  nearly  related  chemical  body,  such 
as  the  cuticular  substance  of  plants,  or  from  oil  of  bitter 

  almonds,  cinuamic  or  chinic  acid,  which  easily  pass  by 

reduction  (chinic  acid)  or  by  oxidation  (cinnamic  acid)  into  benzoic  acid;  glycin 
uniting  with  it,  with  the  formation  of  water— 

aHeO.,  -+-C2H,N02=  C9H9NO3  +  H^O 

Benzoic  acid    +      Glycin      -    Hippuric  acid  +  Water. 

rFormation  —When  benzoic  acid  is  introduced  into  the  alimentary  canal  of  an 
animal  (rabbit  or  dog),  it  appears  in  the  urine  as  hippuric  acid;  while  nitro-benzoic 
^  acid  appears  as  mtro-hippuric  acid. 

As  the  benzoic  acid  passes  through 
the  body,  it  becomes  conjugated  with 
glycin  or  glycocin,  chiefly  in  the  kid- 
neys.   The  hippuric  acid  in  the  urine 
of  herbivora  is  chiefly  derived  from 
some  substance  with  a  benzoic  acid 
residue  present  in  the  cuticular  cover- 
ings of  the  food.    That  hippuric  acid, 
in  part  at  least,  is  formed  in  tlie 
kidneys  is  shown  by  the  following 
considerations  : — If  arterialised  blood, 
containing  benzoic  acid  and  glycin,  or 
even  benzoic  acid  alone,  be  passed 
through  the  blood-vessels  of  a  fresh, 
living,  excised  kidney,  hippuric  acid 
is  found  in  the  blood  after  it  is  per- 
fused.   Even  after  forty-eight  hours, 
if  the  kidney  be  kept  cool,  the  syn- 
thesis takes  place.    If  the  kidney  be 
kept  too  long,  the  conjugation  does 


Fig.  259. 
.  Hippuric  Acid. 


not  take  place.  If  the  fresh  kidney  be  chopped  up,  and  kept  at  the  tempeiature  of 
the  body  with  benzoic  acid  and  glycin,  hippuric  acid  is  formed.  Oxygen  seems  to 
be  necessary  for  the  process,  for,  if  blood  or  serum  containing  carbonic  oxide  be  used, 
there  is  no  formation  of  hippuric  acid.] 

According  to  this  view,  it  is  derived  chiefly  from  the  food  of  herbivorous  ^mmals  and  hence 
it  fs  ab  ^tl-iom  the  urine  of  sucking  calves,  as  well  as  after  ceding  with  gnun  JT°>^^  "J;  ^^^^^V^ 


COLOURING-MATTERS  OF  URINE. 


and  inioction  of  benzoic  acid  into  the  blood,  hippuric  acid  was  found  in  the  muscles  blood,  and 
^01  S  ?o  show  that  it  must  be  formed  in  other  ovRans  beside  the  kidneys  The  power  of 
chan-.C  beu,Tc  acid  intro^^  into  the  human  body,  into  hippunc  acid  may  even  be 
abolished  in  disease  of  the  kidney.  Under  certai.i  circumstances  it  seems  that  hippunc  acid, 
already  formed  may  be  a''ain  decomposed  in  the  tissues.  ,     .       .  r 

It  inS^  eating  pears,  plums,  and  cranberries  ;  in  icterus   some  liver 

affections  and  in  diabetes.  When  boiled  with  strong  acid  or  alkalies,  or  with  putrid  substances, 
it  takes  UD  H,0  and  sijlits  into  benzoic  acid  and  glycin. 

P™ation  -Add  min  of  lime  to  the. urine  of  horses  or  cows  to  form  calcic  hippurate 
Filter  evaporate  the  filtrate  to  a  small  bulk,  and  precipitate  the  hippunc  acid  with  excess  of 
hydrochloric  acid.    To  purify  the  hippuric  acid,  crystallise  it  several  times  Irom  a  hot  watery 

Cynm-ic  Acid.  -CooHi4N.,0„  +  H.,0  occurs  in  the  urine  of  dogs  {J.  v.  Liehig). 

Allantoin,  C  HcN^Og,  which  occurs  in  the  amniotic  fluid  of  the  cow,  is  found  m 
minute  traces  in  normal  urine  after  flesh  food,  and  is  more  abundant  during  the 
first  weeks  of  life,  and  during  pregnancy. 

After  large  doses  of  tannic  acid,  the  amount  is  increased  (Schottin),  while  in  dogs  feeding  with 
uric  acid  also  increases  it  {Salkoivski).  ,  ■,      r  •       r       1  •         i  ;f 

Properties. -It  forms  shining,  prismatic  crystals;  from  the  unne  of  sucking  calves  it 
crystallises  in  transparent  prisms.  It  is  decomposed  by  ferments  into  urea,  ammonium  oxalate 
and  carbonate,  and  another  as  yet  unknown  body.  Preparation-  «)  the  urine  is  precipitated 
with  basic  lead  acetate,  the  lead  in  the  filtrate  is  removed  by  sulphuretted  hydrogen,  and  the 
filtrate  itself  is  then  evaporated  to  a  syrup,  from  which  the  crystals  separate  after  standing 
for  several  days.  They  are  then  washed  with  water,  and  recrystallised  from  the  water 
{Salkoii'ski). 

261  COLOURING-MATTERS  OF  THE  URINE.— 1.  Urol)ilin  is  most 
abundant  in  the  highly  coloured  urine  of  fevers,  but  it  also  occurs  in  normal  urine 
(Jaffe).  It  is  identical  with  the  hydrobilirubin  of  Maly  (§117,  3,  g).  It  is  a  de- 
rivative of  htematin,  which  also  yields  the  bile-pigmenls  (§  177).  It  gives  a  red,  or 
reddish-yelloiv  colour  to  urine,  which  becomes  yellow  on  the  addition  of  ammonia. 

[MacMunn,  chiefly  from  spectroscopic  observations,  finds  that  two  entirely  difl'erent  substances 
have  been  included  under  the  name  of  "  urobilin,"  viz.,  that  of  normal  and  that  of  pathological 
urine,  and  that  hydrobilirubin  is  not  identical  with  either.  The  pathological  urobilin  seems 
to  be 'closely  connected  with  stercobilin  (§  18.5).]  .  ■,.  ^ 

Preparation.— Prepare  a  chloroform  extract  of  urine  containing  urobilin— add  lodme  to  tJie 
extract,  and  remove  the  iodine  by  shaking  the  mixture  with  dilute  caustic  potash,  which  forrns 
potassic  iodide.  Tliis  potash  solution  becomes  yellow  or  brownish-yellow,  and  exhibits  beauti- 
ful green  fluorescence  {Gcrhardt).  ,  .  i 

Urobilin  may  be  extracted  from  many  urines  by  ether  {Salkoioski).  v\  hen  subjected  to  the 
action  of  reducing  agents,  e.g.,  sodium  amalgam,  a  colourless  product  is  obtained,  which  on 
exposure  to  the  air  absorbs  0,  and  becomes  re  transformed  into  urobilin.  This  colourless  body 
is  identical  with  the  chromogen  which  Jaffe  found  in  urine. 

If  urine  is  treated  with  soda  or  potash,  the  characteristic  absorption-band  lying  l)etween  h  and 
F,  passes  nearer  to  h,  becomes  darker  and  more  sharply  defined.  According  to  Hoppe-Seyler, 
nrobiUn  is  formed  in  urine  after  it  is  voided,  from  another  urobilin-forming  body  (Jaffe's 
chromogen)  absorbing  oxygen.  If  urine  containing  urobilin  be  made  alkaline  with  ammonia, 
and  zinc  chloride  be  added,  it  exhibits  marked  fluorescence ;  it  has  a  green  shimmer  by  reflected 
light.  When  urobilin  is  isolated,  it  fluoresces  without  the  addition  of  zinc  chloride.  In  cases' 
of  jaundice  (§  180),  where  Gmeliu's  test  sometimes  fails  to  reveal  the  presence  of  bile-pigments, 
urobilin  occurs.  This  "  urobilin-icterus  "  {Gerhardt)  occurs  chiefly  after  the  absorption  of  large 
extravasations  of  blood.  According  to  Cazeneuve,  the  urobilin  is  increased  in  all  diseases 
where  there  is  increased  disintegration  of  coloured  blood-corpuscles. 

2.  Uroclirome  [ThudicJium)  is  regarded  as  the  chief  colouring-matter  of  urine.  It  may  be 
isolated  in  the  form  of  yellow  scales,  soluble  in  water,  and  in  dilute  acids  and  alkalies.  The 
watery  solution  oxidises,  and  when  exposed  to  air  becomes  red  owing  to  the  formation  of_ 
uroerythrin.  When  acted  on  by  acids,  new  decomposition-products  are  formed,  e.g.,  uroine- 
lajiin.    Uroerythrin  gives  the  red  colour  to  deposits  of  urates  (§  258). 

3.  A  brown  pigment  containing  iron  is  carried  down  with  uric  acid,  which  is  precipitated 
on  the  addition  of  hydrochloric  acid  (§  258).  By  repeatedly  adding  sodic  urate  to  the  urine, 
and  preci[iitating  the  uric  acid  by  hydrochloric  acid,  a  considerable  amount  may  be  obtained 
{K^mknl). 

4.  Urine  boiled  with  HCl  yields  a  garnet-red  crystalline  pigment,  urorubiu,  to  ether. 

In  cases  of  melanotic  tumour.s,  there  has  been  occasionally  observed  urine,  which  becoinesi 
dark,  owing  to  melanin  (§  250,  4),  or  to  a  colouring-matter  containing  iron  {Kunkel). 
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INDICAN  AND  ITS  TESTS, 


262.  INDIGO,  PHENOL,  KEESOL,  PYROKATECHIN,  AND  SKATOL- 
FORMING  SUBSTANCES.— 1.  Indican  [C^H^NHOJ,  or  indigo-forming  sub- 
stance {Sckynck),  is  derived  from  indol,  Cyli^N,  the  basis  of  indigo,  which  is 
formed  in  the  intestine  by  the  pancreatic  digestion  of  proteids  170,  II.),  but  it 
also  arises  as  a  putrefactive  product  (§  184,  6).  Indol,  when  united  with  the 
radical  of  sulphuric  acid,  HSO.,,  and  combined  with  potassium,  forms  the  so-called 
indigogen  or  indican  of  urine  {Brieger,  Baumann).  This  substance  (CyHyNSO^K 
=  potassium  indoxyl-sulphate)  forms  white  glancing  tablets  and  plates  ;  readily 
soluble  in  water  and  less  so  in  alcohol.  By  oxidation  it  forms  indigo-blue ; 
2  indican  -f-  =  CjpHjoNoOo  (indigo-blue)  -f  2HKSO4  (acid  potassic  sulphate).  It 
is  more  abundant  in  the  urine  in  the  tropics,  and  it  is  absent  from  the  urine  of 
the  newly-born  (Senator). 

Tests. — (1)  Add  to  40  drops  of  urine,  3  to  4  c.c.  of  strong  fuming  hydrochloric  acid,  and  2 
to  3  drops  of  nitric  acid.  Boil,  a  violet-red  colour  (with  the  deposition  of  true  crystalline 
indigo-blue  (rhombic)  and  indigo-red  attests  its  presence.  Putrefaction  causes  a  similar  decompo- 
sition in  indican  ;  hence,  wc  not  unfrequently  observe  a  bluish-red  pellicle  of  microscopic  crystals 
of  indigo-blue,  or  even  a  precipitate  of  the  same.  (2)  Mix  in  a  beaker  equal  quantities  of  urine 
and  hydrochloric  acid,  and  add  two  drops  of  solution  of  chlorinated  lime  ;  the  mixture  at  first 
becomes  clear,  then  blue  {Jaffe).  Add  chloroform,  and  shake  the  mixture  vigorously  for  some 
time  ;  the  chloroform  dissolves  the  blue  colouring  matter,  which  is  obtained  as  a  deposit, 
when  the  chloroform  evaporates  {Senator,  Salkoivuki).  (3)  Heat  to  70°  one  part  of  urine  with 
two  parts  of  nitric  acid,  and  shake  up  with  chloroform ;  the  chloroform  dissolves  the  indigo 
which  is  formed,  assumes  a  violet  colour,  and  gives  an  absorption  band  between  C  and  D, 
slightly  nearer  D  {IIopiK-Scyler).  Quantity. — Jatfo  found  in  1500  c.c.  of  normal  human  urine, 
4"5  to  19 "5  milligrammes  of  indigo ;  horse's  urine  contains  23  times  as  much.  The  subcutaneous 
injection  of  indol  increases  the  indican  in  the  urine  {Jaffe).  E.  Ludwig  obtained  indican  bj' 
heating  hseraatin  or  urobilin  with  a  caustic  alkali  and  zinc  dust.  It  has  also  been  found  in  the 
sweat  {Bizio). 

Pathological. — The  indican  in  the  urine  is  increased  when  much  indol  is  formed  in  the 
intestine  (§  172,  11. ),  e.g.,  in  typhus,  lead  colic,  trichinosis,  catarrh,  and  hiemorrhage  of  the 
stomach,  cholera,  carcinoma  of  the  liver  and  stomach  ;  obstruction  of  the  bowel  or  ileus, 
peritonitis,  and  diseases  of  the  small  intestine. 

2.  Phenol,  CgHgO  (carbolic  acid,  §  252),  was  discovered  by  Stadeler  in  human 
urine  (more  abundant  in  horse's  urine).  It  does  not  occur  as  carbolic  acid,  but  in 
combination  with  a  substance  from  which  it  is  separated  by  distillation  with  dilute 
mineral  acids.  The  "phenol-forming  substance"  is,  according  to  Baumann, 
"  phenolsulphonic  acid  "  (CgHjO,  SO3H),  which  in  urine  is  united  with  potash. 

Phenol  is  derived  from  the  decomposition  of  proteids  by  pancreatic  digestion  (§  172,  II.), 
and  also  from  putrefaction  (§  184,  6),  the  mother-substance  being  tyrosLn.  Hence,  the  forma- 
tion of  phenolsulphonic  acid  is  analogous  to  the  formation  of  indican. 

If  in  the  employment  of  carbolic  acid  it  be  absorbed,  the  phenolsulphonic  acid  becomes  gi-eatly 
increased  in  amount,  so  that  sulphuric  acid  must  be  united  with  it ;  hence,  alkaliue  sulphates 
are  decomposed  in  the  body,  so  that  the  latter  may  be  absent  from  the  urine  {Baumann). 
Living  muscle  or  liver,  when  digested  in  a  stream  of  air  for  several  hours  with  blood  to  which 
phenol  and  sodic  sulphate  are  added,  yields  phenolsulphonic  acid  ;  while,  under  the  same  cir- 
cumstances, pyrokatechin  forms  ethersulphonic  acid. 

Carboluria.— "When  carbolic  acid  is  used  externally  or  internally,  and  it  is  absorbed,  it  causes 
a  dee])  dark-coloured  urine  due  to  the  oxidatiou  of  phenol  into  hydrochinon  (orthobioxybenzol 
=  C(jH|i02),  which  for  the  most  part  appears  in  the  urine  as  ethersulphonic  acid  {Baumann  and 
others). 

3.  Parakresol  (hydroxyltoluol,  C^HgO),  with  its  isomers  ortho-  and  meta-kresol 
(the  latter  in  traces),  is  more  abundant  in  urine  {Baumann,  Preusse).  It  also 
occurs  in  combination  with  sulphouic  acid. 

Test  for  phenol  (and  also  kresol)  :— Distil  150  c.c.  urine  with  dilute  sulphuric  acid.  The 
distillate  gives  a  brown  crystalline  deposit  of  tribromophenol  with  bromine  water,  as  well  as  a 
red  colour  with  Millon's  reagent.  ■  ■   1    1.  a  r 

Hydroxybenzol  (pyrokatechin,  hydrochinon)  is  obtained  from  urme,  when  it  is  heated  tor  a 
lonf  time  with  hydrochloric  acid. 

Eesorcin,  which  is  an  isomer  of  hydrochinon,  when  administered  intenially,  also  appears  in 
the  urine  as  ethersulphonic  acid.  Toluol  and  naphthalin  behave  similariy.  Benzol  is  oxidised 
to  phenol. 


PYROKATECHIN  AND  SKATOL.  4°  5 

4.  Pyrokatechin  =  C,H,Oo  (metadihydroxylbenzol),  is  formed  along  witli  hydro- 
chinon  from  phenol,  and  is  an  isomer  of  the  former  It  behaves  like  mdol  and 
phenol  for  when  united  with  sulphonic  acid,  it  yields  the  pyrokatechin-iorming 
substance.  Small  quantities  sometimes  occur  in  human  urme ;  it  is  more  abundant 
in  the  urine  of  children  ;  it  becomes  darker  when  the  urine  putrehes. 

5  Skatol  which  is  crystalline,  and  is  formed  during  putrefaction  in  the  intestine, 
also  appears'in  the  urine  as  a  compound  of  sulphonic  acid  (§  252).  On  feeding  a 
doo-  with  skatol,  Brieger  found  much  potassic  skatol-oxy-sulphate. 

Test  —Skatol  comnouuds  are  recognised  by  adding  dilute  nitric  t^cid,  which  causes  a  violet 
colour;  01  fuiSng  nitric  acid,  which  precipitates  rod  flakes  {Ncncki).  Its  quantity  is  regu- 
lated  bv  the  same  conditions  as  indican.  ,       ,      ^.       -j  ,,i  r 

Ti  e  aromatic  oxyacids,  hydroparacumaric  acid,  and  paraoxyphenylacetic  acid  (the  former  a 
putr  fact°ve  product  of  fl^sh,  the  latter  obtained  by.E.  and  H  Sa  kowski  from  putrid  a  bumin) 

0  cm-  in  the  urine  [Bamnann,  §  252).    Shake  the  urine  treated  with  a  mineral  acid  ^vith  ether 
evaporate  the  latter,  and  dissolve  the  residue  in  water.    It  aromatic  oxyacids  are  present,  they 
tdve  a  red  colour  with  Millon's  reagent.  .       •    i  i 

°  Baumann  gives  the  following  series  of  bodies,  which  are  for-  ,ed  from  tyrosm  by  decomposi- 
tion and  oxklation;  most  of  the  substances  are  forn.ed  b  \  duiing  the  decomposition  of 
albumin  and  also  in  the  intestine,  whence  they  pass  into  the  urme  :-  Tyrosin,  C.HnNOg  +  Ha 

1  C 'h,„0,  (liydroparacumaric  acid)  +  NH,.    Q,-R,,Q,  =  C,H,oO  (paraethylphenol  not  yet  proved 
+  Cb.,."  C  H^„0^03  =  C«H«0,  (paraoxyphenylacetic  acid) +  H,0.    C«H  03  =  C,H  0  (parakresol) 
+  C0;    CyHgO  +  Oa^CyHoOs  (paroxybenzoic  acid,  not  yet  proved) +  H2O.  CyHeO^OsHgO 

^^PotaisluS^siilphocyanide,  derived  from  the  saliva,  also  occurs  in  urine     After  acidula^^^^^^^ 

with  hydrochloric  acid,  its  presence  may  be  detected  by  the  ferric  chloride  test(§ 

len  aiul  J.  Munk).    One  litre  of  human  urine  contains  0-02  to  0-08  gramme  combined  with  an 

Succinic  acid  (CJI«OJ  occurs  chiefly  after  a  diet  of  flesh  and  fat,  and  almost  disappears  after 
a  vegetable  diet.  It  is  a  decomposition-product  of  asparagin,  and  occurs  in  considerable  amount 
in  the  urine  after  eating  asparagus.  It  is  also  a  product  of  the  alcohohc  fermentation  (§150), 
and  as  it  passes  out  of  the  body  unchanged,  it  occurs  in  the  urme  of  those  who  imbibe  spirituous 
liquors.    It  passes  unchanged  into  the  urine  {Naubauer).  ,       r      1 1  + 

Xactic  acid  (CM^O.,)  is  a  constant  constituent  of  urine.  Other  observers  have  found  ferment- 
able lactic  acid  in  diabetic  urine  ;  sarcolactic  acid  after  poisoning  with  phosphorus  and  m 
trichinosis.  Occasionally  traces  of  volatile  fatty  acids  are  present.  Some  animal  gum  occurs 
in  urine  (p.  384),  and-Bechamp's  "  nephrozymose  "  consists  for  the  most  part  ot  gmw  (Land- 
tcehr).  This  substance  is  precipitated  from  urine  by  adding  to  it  three  times  its  volume  ot 
90  per  cent,  alcohol.  It  is  not  a  simple  body,  but  at  60°  to  70°  C.  it  transforms  starch  into 
sugar  (v.  Vintschgaic).  ,       e      ^  •  ^^  • 

Ferments.— Traces  of  diastatic,  peptic,  and  rennet  ferment  have  been  found,  especiaUy  m 
urine  of  high  specific  gravity.    Trypsin  is  said  not  to  occur  normally  {Leo). 

Traces  of  sugar  {Brucka,  Bcnce  Jones),  to  the  amount  of  0-05  to  0-01  per  cent.,  occur  in 
normal  urine.  After  the  ingestion  of  milk-,  cane-,  or  grape-sugar  (_50  grms. )  these  varieties  of 
sugar  appear  in  small  quantity  in  the  urine  (  Worm-Miiller — §  267,  7).  .      ,  . 

Kryptophanic  acid  (CaHgNOg),  according  to  Thj.idichum,  occurs  as  a  free  acid  m  urme,  but 
Landwehr  regards  it  as  an  animal  gum. 

Aceton  (CjUbO)  is  formed  when  normal  urine  is  oxidised  with  potassic  bichromate  and  sul- 
phuric acid,  and  it  is  formed  from  a  reducing  substance  present  in  normal  urine  (apparently 
derived  from  the  grape-sugar  of  the  blood).  Aceton  occurs  in  traces  as  a  normal  urinary  con- 
stituent, which  is  increased  during  increased  decomposition  of  the  tissues,  e.g.,  carcinoma,  in- 
anition. It  has  also  been  found  in  the  blood  in  fever  (u  Jacksch).  Lieben's  Test. —Acidulate 
half  a  litre  of  urine  with  HCl  and  distil ;  when  treated  with  tincture  of  iodine  aaid  ammonia 
there  is  a  turbidity  due  to  iodoform. 

II.  THE  INOEGANIC  CONSTITUENTS  OF  THE  URINE.— The  inorganic 
constituents  are  either  taken  into  the  body  as  such  with  the  food  and  pass  oii  un- 
changed in  the  urine,  or  they  are  formed  in  the  body,  owing  to  the  sulphur  and 
phosphorus  of  the  food  being  oxidised  and  the  products  uniting  with  bases  to  form 
salts.  The  quantity  of  salts  excreted  daily  in  the  urine  is  9  to  25  grammes  [{  to 
f  oz.]. 

1.  Sodic  chloride— to  the  amount  of  12  (10  to  13)  grammes  [180  grams]— is 
excreted  daily.  It  is  increased,  after  a  meal,  by  muscular  exercise,  drinking  of 
water,  and  generally,  when  the  quantity  of  urine  is  increased,  by  the  free  use  of 
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large  quantities  of  common  salt,  but  by  potash  salts  also  ;  it  is  diminislied  under 
the  opposite  conditions. 

In  disease  it  is  greatly  diminished  ;  in  pneumonia  and  other  inflammations  accompanied  by 
eH'usions,  in  continued  diarrliica  and  profuse  sweating,  constiinlly  in  albuminuria  and  in 
dropsies.  [In  cases  of  pneumonia,  sodic  chloride  may  at  a  certain  stage  almost  disappear  from 
the  urine,  and  it  is  a  good  sign  when  the  chlorides  begin  to  rea))pear.]  In  other  chronic  diseases, 
the  amount  of  NaCl  excreted  runs  nearly  parallel  with  the  amount  of  urine  passed.  In  condi- 
tions of  excitement  the  amount  of  sodic  chloride  is  diminished,  and  potassie  chloride  increased; 
in  conditions  of  depression  the  reverse  is  the  case  {Zculzcr). 

Test. — Add  to  the  urine  nitric  acid  and  then  nitrate  of  silver  solution,  which  gives  a  white 
curdy  precipitate  of  chloride  of  silver.  In  albuminous  urine  the  albumin  must  first  be  removed. 
Microscopically  look  for  the  step-like  forms  of  common  salt,  and  also  for  the  crystals  of  sodic 
chloride  and  urea  (§  256,  4). 

2.  Phosphoric  acid  occurs  in  urine  as  acid  sodic  phosphate  and  acid  calcic  and 
magnesic  phosphates. to  the  amount  of  about  2  grammes  daily  [30  grains];  it  is 
more  abundant  after  an  animal  than  after  a  vegetable  diet.  The  amount  increases 
after  a  mid-day  meal  until  evening,  and  falls  during  the  night  until  next  day  at 
noon.  It  is  partly  derived  from  the  alkaline  and  earthy  phosphates  of  the  food, 
and  partly  as  a  decomposition-product  of  lecithin  and  nuclein.  As  phosphorus  is 
an  important  constituent  of  the  nervous  system,  the  relative  increase  of  phosphoric 
acid  is  due  to  increased  metabolism  of  the  nervous  substance. 

Pathological.— In  fevers,  the  increased  excretion  of  potassie  phosphate  is  due  to  a  consump- 
tion of  blood  and  muscle  (§  220,  3).  It  is  also  increased  in  inflammation  of  the  brain,  .soften- 
ing of  the  bones,  diabetes,  and  oxaluria  ;  after  the  administration  of  lactic  acid,  morphia,  chloral, 
or  chloroform.  It  is  diminished  during  pregnancy,  owing  to  the  formation  of  the  fcetal  bones  ; 
also  after  the  use  of  ether  and  alcohol,  and  in  inflainmatioa  of  the  kidney. 

[Tests.— To  urine  add  nitric  acid  and  solution  of  ammonium  molybdate  and  boil,  a  canary- 
yellow  precipitate  of  ammonium  ijhosphomolybdate  indicates  the  presence  of  phosphoric  acid. 
Or,  add  half  its  volume  of  caustic  potash  to  urine,  and  boil.  The  earthy  phosphates  are  precipi- 
tated, but  not  the  alkaline  phosphates.] 

Earthy  phosphates  are  precipitated  by  heat  in  some  pathological  urines.  This 
precipitate  is  distinguished  from  albumin,  which  is  also  precipitated  by  heat,  by 
being  soluble  in  nitric  acid,  which  precipitated  albumin  is  not.  [The  earthy  phos-. 
phates  are  not  precipitated  until  near  the  boiling  point.] 

Quantitative.— The  amount  of  phosphoric  acid  is  estimated  by  tritation  with  a  standard 
solution  of  tiranium  acetate  ;  fcrrocyanidc  of  2)otassium  being  the  indicator.  The  indicator  gives 
a  brownish-red  colour  when  there  is  an  excess  of  free  uranium  acetate.  ,  r       •  i.v 

In  addition  to  phosphoric  acid,  phosphorus  occurs  in  an  incompletely  oxidised  form  in  the 
urine,  e.g.,  glycerinphosphoric  acid  (§  251,  2),  which  occurs  to  the  amount  of  15  milhgrammes 
in  a  litre  of  urine ;  it  is  increased  in  nervous  diseases  and  after  chloroform  narcosis. 

3.  Sulphuric  acid  occurs  in  the  urine,  the  greater  part  in  combination  with  the 
alkalies,  and  the  remainder  united  with  indol,  skatol,  and  pyrokatechin,  in  the  form 
of  aromatic  ethersulphonic  coinjMunds,  the  ratio  being  1  :  O-lO-iS.  All  conditions 
which  favour  the  formation  of  indol,  skatol,  or  pyrokatechin,  increase  the  amount 
of  combined  sulphuric  acid.  The  total  daily  amount  of  sulphuric  acid  is  2-5  to  3-5 
grammes  [37  to  52  grains].  It  is  increased  by  the  administration  of  sulphur, 
(Krause).  The  sulphuric  acid  is  chiefly  derived  from  the  decomposition  of  proteids, 
and  hence  its  amount  runs  parallel  with  the  amount  of  urea  excreted.  The  amount 
of  alkaline  sulphates  in  the  food  is,  as  a  rule,  very  small. 

An  increased  excretion  of  sulphuric  acid  in  fevers  indicates  an  increased  metabolism  of  the 
tissues  of  the  body.  In  renal  inllammation  it  has  been  observed  to  be  diminished,  and  in 
eczema  it  is  greatly  increased.  Feeding  with  tauriu  (which  contains  sulphur),  in  the  ca.se  ol 
rabbits  (but  not  in  carnivora  or  man),  increases  the  sulphuric  acid  in  the  urine  [i>alk-oicsk)). 
According  to  Ziilzer,  a  copious  secretion  of  bile  lessens  the  relative  amount  of  sulphuric  acid  in 

*''Test.-Barium  chloride  gives  a  copious  white  heavy  precipitate  of  barium  sulphate,  insoluble 

addition  to  sulphuric  acid,  sulphur  (»  occurs  in  an  ^^'^^^^'^y ^l^^^^"^^ 
urine  (potassium  sulphocyanide,  cystin,  and  sulphur-beanng  compounds  derned  fiom  the  bile) 
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IKunkd  V  Foit-^  177,  6).    HyposulplMrous  add,  as  an  alkaline  salt  is  an  ahnonmd  eon- 
«    ent  in'tSlt:  and  soi  snfurettod  hydrogen,  which  is -ogn-^^^^^^  °f 
a  piece  of  mpor  moistened  with  load  acetate  and  ammonia,  held  over  the  mine. 

4  Excessively  minute  traces  of  silicic  acid  and  nitric  acid  derived  from  drink- 
in-  water  have  been  found  in  urine.  Orcjanic  adds,  e.;i.,  citric  and  tartaric,  when 
taken  internally,  increase  the  amount  of  carbonates  in  the  urine.  The  urine  may 
effervesce  on  the  addition  of  an  acid.  , ,    .      ,   ,  „  u 

The  sodium  in  the  urine  is  chiefly  combined  with  chlorine,  but  a  small  part  of 
it  is  united  with  phosphoric  and  uric  acids ;  potassium  (which  is  about  J  ot  the 
sodium)  is  chiefly  combined  with  chlorine.    In  fevers,  more  potash  is  excreted  than 
soda  and  durincr  convalescence,  the  reverse  is  the  case ;  calcium  and  magnesium 
exist  in  normal  acid  urine  as  chlorides  or  acid  phosphates.    If  the  urine  is  neutraJ, 
neutral  calcium  phosphate  and  magnesium  phosphate  are  precipitated,  iibsteiu 
found  the  latter  in  alkaline  urine,  as  large  clear  four-sided  prisms,  in  diseases  oi*he 
stomach     If  the  urine  is  alkaline,  calcium  carbonate  (fig.  281)  and  tribasic  calcic 
phosphate  are  deposited  as  such,  while  the  magnesium  is  iDrecipitated  in  the  form 
of  aramonio-magnesium  phosphate,  or  triple  phosphate.    The  calcium  is  derived 
from  the  food,  and  depends  upon  the  amount  of  lime  salts  absorbed  from  the 
intestine     Free  ammonia  is  said  to  occur  (0-72  gramme,  or  7  grains  daily)  in  per- 
fectly fresh  urine  (Nevbauer,  Briicke),  and  the  amount  is  greater  with_  an  animal 
than  with  a  vegetable  diet  {Coranda).    The  amount  of  fixed  ammoma  is  increased 
by  the  administration  of  mineral  acids  {Walter,  Schniedeherg,  Gatligens).    Iron  (1 
to  11  milligrammes  per  litre)  is  never  absent.    There  is  a  trace  of  hydric  peroxide 
(Schonbem),  which  is  detected  by  its  decolorising  indigo-solution  on  the  addition  ot 
iron  sulphate. 

Gases  -24-4  c  c.  of  gas  was  obtained  from  one  litre  of  urine -100  volumes  of  the  gases 
pumpedout  consisted  of  65-40  vol.  CO,,  274  0,  13-86  N.  After  severe  muscular  action,  the 
amoiiut  of  CO,  may  be  doubled  ;  digestion  also  increases  it,  copious  drinking  diminishes  it. 

263  FERMENTATIONS  OF  TTEINE.— Acid  Fermentation. —When  per- 
fectly fresh  urine  is  set  aside,  it  gradually  becomes  more  acid  from  day  to  day. 
This  is  called  the  "  acid  ferment- 
ation." It  seems  to  be  due  to 
the  development  of  special  fungi 
(fig.  260,  a),  and  the  process  is 
accompanied  by  the  deposition  of 
2iric  acid  (c),  acid  sodium  Pirate,  in 
amorphous  grains  (6),  and  calcium 
oxalate  (d).  According  to  Scherer, 
the  fungus  and  the  mucus  from 
the  bladder  decompose  part  of  the 
urinary  pigment  into  lactic  and 
acetic  acids.  The  latter  sets  free 
uric  acid  from  neutral  sodium 
urate,  so  that  free  uric  acid  and 
sodium  urate  must  be  formed. 
Butyric  and  formic  acids  have  been 
found  as  abnormal  decomposition- 
products  of  other  urinary  constitu-  Deposit  in  "acid  fermentation"  of  urine 
ents.    When  the  acid  fermentation     ^  amorphous  sodium  urate  ;  c.  uric  ac. 

,         .11  oxalate, 
begins,  the  urine  absorbs  oxygen 

(Pasteur).  According  to  Briicke,  it  is  the  lactic  acid,  formed  from  the  minute 
traces  of  sugar  present  in  urine,  which  causes  the  acidity.  According  to  lliihrnann, 
who  recognises  the  acid  fermentation  as  an  exceptional  phenomenon,  the  acids  are 
formed  from  the  decomposition  of  sugar,  and  from  alcohol  which  may  be  present 


d  — 


— /; 


a,  fungus  ; 
d,  calcium 
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accidentally.  , 
acid,  whoso  source  is' entirely  unknown 


While'tlie  urine  is  still  acid,  it  becomes  turbid  and  contains  nitrous 

According  to  v.  Voit  and  Hofniann,  phos- 
phoric acid  and  a  basic  salt  are  formed 
from  acid  sodium  phosphate,  whereby 
part  of  the  uric  acid  is  displaced  from 
sodium  urate,  thus  causing  the  forma- 
tion of  an  acid  urate. 

Alkaline  rermentation.  — When  urine 
is  exposed  for  a  still  longer  time,  more 
especially  in  a  warm  place,  it  becomes 
neutral  and  ultimately  ammoniacal,  i.e., 
it  undergoes  the  alkaline  fermentation 
(fig.  261). 

This  condition  is  accompanied  by  the 
formation  of  the  micrococcus  urese  (fig. 
262)  (Pasteur,  Cohn)  and  Bacterium  urese 
(fig.  261),  which  causes  the  urea  to  take 
up  water,  and  decompose  into  COg  and 
Fig.  261.  ammonia. 
Deposit  in  ammoniacal  urine  (alkaline  fermeuta-      Urea    [00(11^2)2  +  2(1120)  =  ammo- 
tion).    a,  acid  ammonimii  m-ate ;  h,  ammonio-  nium  carbonate  [(^1114)2003]. 
magnesium  phosphate  ;  c,  bacterium  urese.  pvoperty  of  decomposing  urea  belongs 

to  many  diflerent  kinds  of  bacteria,  including  even  the  sarcina  of  the  lungs— whose  germs  seem 
to  be  universally  diffused  in  the  air.  These  organisms  produce  a  soluble  ferment  {Mmculus), 
which,  however,  only  passes  from  the  body  of  the  cells  into  the  fluid  after  the  cell  or  organism 
has  been  killed  by  alcohol  {Lea). 

The  presence  of  ammonia  causes  the  urine  to  become  turbid,  and  those  substances 
which  are  insoluble  in  an  alkaline  urine  are  precipitated— earthy  phosphates,  con- 
sisting of  the  amorphous  calcic  phosphate,  acid  ammo- 
nium urate  (fig.  261,  ci),  in  the  form  of  small  dark  granules 
covered  with  spines  ;  and,  lastly,  the  large  clear  knife-rest 
or  "  coffin-lid  "  form  of  anxmonio-magnesic  phosphate, 
or  triple  phosphate  (fig.  282).  [The  last  substance 
does  not  exist  as  such  in  normal  urine,  but  it  is  formed 
when  ammonia  is  set  free  by  the  decomposition  of  urea, 
the  ammonia  uniting  with  the  magnesium  phosphate. 
Its  presence  therefore  always  indicates  ammoniacal  fermentation  of  the  urine.]  In 
cases  of  catarrh  or  inflammation  of  the  bladder,  this  decomposition  may  take 
place  within  the  bladder,  when  the  urine  always  contains  pus-cells  (fig.  267)  and 
detached  epithelium.  When  much  pus  is  present,  the  urine  contains  albumm. 
Ammoniacal  urine  forms  white  fumes  of  ammonium  chloride,  when  a  glass  rod 
dipped  in  hydrochloric  acid  is  brought  near  it.  [When  ammonia  is  added  to  normal 
urine,  triple  phosphate  is  precipitated  in  a  feathery  form  (fig.  283).] 

[Significance  of  Triple  Phosphate.— If  urine  be  alkaline  when  it  is  passed,  and  the  alkalinity 
be  due  to  V.  volatile  alkali,  i.e.,  to  NH3,  then  decomposition  of  the  urine  has  taken  place,  and 
this  kind  of  urine  is  a  sure  sign  that  there  is  disease  of  the  gcnito-urniary  mucous  membrane.J 

264.  ALBUMIN  IN  URINE  OR  ALBUMINURIA.— Serum-albumin  is  the 

most  important  abnormal  constituent  in  urine  which  engages  the  attention  of  the 
physician.    It  occurs  in  blood  (§  32),  and  its  characters  are  described  in  §  249. 

Causes  of  Albuminuria.— 1.  Serum-albumin  may  appear  in  urine  witliout  any  apparent 
anatomical  or  structural  change  of  the  renal  tissues.  This  condition  has  been  called  by  y. 
Bamberrrer  "Hematogenous  albuminuria."  It  occurs  but  rarely,  however,  and  someUmes  in 
healthv Individuals  when  there  is  an  excess  of  albumin  in  the  blood-plasma  (^-fl--.  after  suppres- 
sion of  the  secretion  of  milk),  and  after  too  free  use  of  albuminous  2-  As  a  rcsu^^^^^ 
increased  blood-pressure  in  the  renal  vessels,  e.g.,  after  copious  drinking.    It  may  be  tempoiary, 


Fig.  262. 
Micrococcus  urese. 
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or  it  may  bo  porsistont,  as  in  cases  of  congestion  following  lm,rt  dweasc,  emphysema,  chronic 
pleuritic  effusions,  infiltrations  of  the  lungs,  and  after  compression  of  the  chest,  causing  conges- 
tiou  in  the  pulmonary  circuit,  which  extends  even  into  the  renal  veins,  &c.  3.  Ai  ei  section 
or  paralysis  of  the  vaso-viotor  nerves  of  the  kidneys,  which  causes  great  congestion  ot  these 
or-rans  The  albuminuria,  which  accompanies  intense  and  long-continued  abdominal  pam,  is 
brought  about  owing  to  a  refiox  paralysis  of  the  renal  vessels.  4.  After  violent  niuscular 
exercise  [Senator  found  that  forced  marches  in  young  recruits  wore  very  frequently  toliowed 
by  the  appearance  of  albumin  in  the  urine,  which  persisted  for  several  days  ]  Conmdsire  dis- 
orders c  f/.,  epilepsy,  the  spasms  of  dyspnoea  after  strychnin  poisoning,  m  shock  ot  the  brain, 
apoplexy  spinal  paralysis,  and  violent  emotions  ;  the  excessive  use  of  morphia,  which  perhaps 
acts  on  the  vaso-niotor  centres.  5.  It  may  accompany  many  acute  febrile  diseases,  e.fif.,  ttie 
exanthemata  (scarlet  fever),  typhus,  pneumonia,  and  pysemia.  In  these  cases,  it  may  be  due  to 
tile  increase  of  temperature  paralysing  the  vessels,  but  more  probably  the  secretory  apparatus  ot 
tlie  kidney  is  so  changed  [e.g.,  cloudy  swelling  of  the  renal  epithelium)  that  the  albumin  can 
P'lss  through  the  renal  memlDrane.  6.  Certain  degenerations  and  inflammations  of  the  kidneys 
at  several  of  their  stages.  7.  Inflammation  or  suppuration  in  the  ureter  or  urinary  passages. 
8  Certain  chemical  substances  which  irritate  the  renal  parenchyma,  e.g.,  cantharides,  carbohc 
acid  9  The  complete  withdrawal  of  common  salt  from  the  food.  The  albumin  disappears 
when  the  common  salt  is  given  again.  10.  The  epithelium  may  be  in  such  a  condition  that  it 
cannot  retain  the  dlhumin  ivithin  the  vessels,  due  to  imperfect  nourishment  and  functional  weak- 
ness of  the  excretory  elements.  This  includes  the  albuminuria  of  ischremia,  and  that  after 
hajmorrhan-e  in  anajmia,  scorbutus,  icterus,  diabetes.  [Grainger  Stewart  finds  that  albuminuria 
is  more  common  among  presumably  healthy  people  than  was  formerly  supposed.] 

[Besides  beinc  derived  from  the  secreting  parenchyma  of  the  kidney,  albumin  may  be 
present  owincr  to  admixture  with  the  secretions  from  any  part  of  the  urinary  tract,  including 
the  vagina  and  uterus  in  the  female.  In  some  cases  the  transudation  of  albumin  is  favoured  by 
■chances  in  the  capillary  walls,  the  albumin  being  forced  through  by  the  intravascular  pressure. 
Sometimes  albuminuria  occurs  during  the  course  of  severe  typhoid  fever,  and  m  acute  levers 
generally,  where  the  temperature  is  persistently  above  40°  C.  (104°  F.).  The  high  temperature 
alters  the  filtering  membrane  and  permits  the  filtration  of  albumin.] 

[Physiological  Albuminuria.— This  term  has  been  applied  to  that  condition  of  the  urme, 
where  traces  of  albumin  are  found  in  individuals  apparently  in  perfect  health.  Johnson  and 
Pavy  cite  such  cases,  while  Posner  asserts  that  all  urine— even  healthy  urme— contains  ti'aces 
of  proteids,  whose  presence  is  ascertained  after  concentrating  the  urine.  It  is  safe  to  assume 
that  normal  urine  should  give  no  reaction  with  the  usual  tests  for  albumin.  Posner  precipi- 
tated the  urine  with  alcohol,  washed  the  precipitate,  dissolved  it  in  acetic  acid,  and  tested  it 
with  the  ferrocyanide  test  for  albumin.  He  finds  that  minute  traces  of  proteid  are  detected  by 
the  following  modification  of  the  biuret  test :— Make  the  urine  alkaline,  and  by  the  "contact 
method"  bring  a  layer  of  very  dilute  cupric  sulphate  over  it;  when  the  two  fluids  touch,  a 
reddish-violet  ring  is  obtained.] 

The  tests  for  albumin  in  urine  depend  upon  tlie  facts  that  it  is  coagulated  by 
heat  in  neutral  or  acid  solutions,  and  it  is  precipitated  by  various  reagents, 

[(1)  Heller's  Test.— Place  10  c.c.  of  the  urine  in  a  test-glass,  and  pour  in  pure  colourless 
HNO3  so  as  to  run  down  the  side  of  the  glass,  forming  a  layer  beneath  the  urine.  A  white 
zone  of  coagulated  albumin  indicates  the  presence  of  albumin.  In  this  test  it  is  important  to 
wait  a  certain  time  for  the  development  of  the  reaction.  In  urines  of  high  specific  gravity,  a 
haziness  due  to  acid  urates  may  be  formed  above  where  the  two  fluids  meet,  but  its  upper  edge 
is  not  circumscribed.  The  acid  decomposes  the  neutral  urates  and  forms  a  more  insoluble  acid 
salt.  This  cloud  of  acid  urates  is  readily  dissolved  by  heat,  while  the  albumin  is  not ;  the 
latter  is  always  a  sharply  defined  zone  between  the  two  fluids.  In  very  concentrated  urine 
(rare),  nitric  acid  may  gi-adually  precipitate  crystalline  urea  nitrate.  In  patients  taking 
copailDa,  nitric  acid,  by  acting  on  the  resin,  causes  a  slight  milkiness.] 

[(2)  Boiling  and  Nitric  Acid.— Place  10  c.c.  of  urine  in  a  test-tube  and  boil.  If  albumin  be 
present  in  small  quantity,  a  faint  haziness,  which  may  be  detected  in  a  proper  light,  will  be 
produced.  Add  10  to  12  drops  of  HNO3.  If  the  turbidity  disappears  it  is  due  to  phosphates, 
while  if  any  remains  it  is  due  to  albumin.  If  albumin  be  present  in  large  quantity,  a  copious 
whitish  coagulum  is  obtained.  Precautions. — (a)  In  all  cases,  if  the  urine  be  turbid,  filter  it 
before  applying  any  test.  (&)  Hoto  to  boil. — Boil  the  upper  strata  of  the  lii^nid,  and  take  care, 
if  any  coagulum  be  formed,  that  it  does  not  adhere  to  the  side  of  the  tube,  else  the  tube  is 
liable  to  break,  (c)  In  performing  this  test  with  a  neutral  solution,  note  when  the  precipitate 
falls,  for  albumin  is  precipitated  about  70°  C,  phosphates  not  till  about  the  boiling  point,  (d) 
Amount  of  Add.—U  too  little  (2  or  3  drops)  HNO3  be  added,  or  too  much  (30  or  40  drops),  we 
may  fail  to  detect  albumin,  although  it  is  present.] 

(3)  Ferrocyanide  Test.— By  the  addition  of  acetic  add  and  potassium  ferrocyanide. ^  [If 
albumin  be  present,  a  white  flocculent  precipitate  separates  in  the  cold.  Dr  Pavy  has  intro- 
duced pellets,  consisting  of  a  mixture  of  citric  acid  and  sodic  ferrocyanide.    All  that  is  required 
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is  to  aiia  a  pollot  to  the  suspected  urine.  Oliver's  papers.— Dr  Oliver  uses  papers,  one  saturated 
with  citric  acid  and  auotlior  with  ferrocyanido  of  uotassium.  The  two  papers  are  added  to  the 
clonr  liltercd  mine.  Other  pvecipitants  of  albumin,  such  as  small  pieces  of  paper  impregnated 
with  iiotassio-morcuric  iodide,  arc  used  by  Oliver.]  ,,      .  .  ^  . 

(1)  Boiling  Acid  Urine.— If  the  urine  be  alkaline,  although  albumin  maybe  present,  it  is 
not  nrocinitated  by  heat  alone.  We  retiuire  to  add  acetic  acdd  until  a  slightly  acid  reaction  is 
obtained  Boiliut?  may  give  a  precipitate  of  earthy  ])hosphates  m  an  alkaline  nnne,  owing 
perhaps  to  tlie  CO,  being  driven  off.  This  precipitate  )night  be  mistaken  for  albumin,  but 
on  addiiiK  acetic  or  nitric  acid,  the  earthy  precipitate  is  dissolved,  while  the  precipitate  of 
albumin  is  not  dissolved.    In '  testing  for  albumin,  always  use  clear  urine.    If  it  is  turbid, 

rr5rM:etaphoBphoric  acid  is  dissolved  in  water  just  before  it  is  to  be  used  and  added  to  clear 
urine  (Hindmlang).  Graham  iiointed  out  that  nietaphosphoric  acid  precipitated  albumin.  A 
20  per  cent,  solution  of  the  ordinary  glacial  phosphoric  acid  is  a  good  test  for  albumin,  but  it 
also  precipitates  peptones.  It,  however,  changes  into  ordinary  phosphoric  acid  by  keeping, 
and  then  it  no  longer  precipitates  albumin.]  .  .        ,  „  1 1  i  „f 

[(6)  Sodic  Sulphate  and  Acetic  Acid.— Acidulate  10  c.c.  of  urine  with  acetic  acid,  and  add  J  of 
its  volume  of  a  concentrated  solution  of  sulphate  of  soda  or  magnesia.  On  heating,  if  albumin 
be  present,  a  distinct  cloudiness  is  obtained.]  ,       .    .    i.  p    „•    *  i.^„^^ 

r  7)  111  picric  acid,  according  to  Dr  Johnson,  we  have  a  more  delicate  test  for  miunte  traces 
of  albumin  than  either  heat  or  nitric  acid,  or  than  both  these  tests  combined.  It  is  "scd  e'_^l>" 
in  the  form  of  crystals  or  powder,  or  as  a  saturated  aaueous  solution.  Take  a  four-mch  column 
of  urine  in  a  test-tube,  hold  the  tube  in  a  slanting  direction,  and  pour  an  inch  ol 
the  picric  acid  solution  on  the  surface  of  the  urine,  where  in  consequence  of  ite 
specific  gravity  (1005)  it  mixes  only  with  the  upper  layer  of  the  urine.  It  coagu- 
kres  an?  albumin  pi4seut.  The  precipitate  occurs  at  once,  and  is  increased  by 
heat,  while  the  urate  of  soda,  which  is  sometimes  precipitated,  is  soluble  on 

^"'mr  Roberts  regards  any  test  for  albumin  which  requires  strong  acidulation  with 
an  0  rci^citric,  Ltic,  or  lactic,  as  iinsatisfactory,  --^^^  Prec.pUag 

mucin  For  this  reason  he  rejects  the  timgstate,  mercuric  lod  de  and  potassic 
"yanide  tests.  Dr  Roberts  regards  the  heat  test  with  the  addition  of  a  smaU 
definite  quantity  of  acetic  acid,  as  the  best  test  for  the  detection  of  small  quan- 

^''l''  QuaStive  Estimation  of  albumin.-lOO  c.  c.  of  urine  are  boiled  in  a  capsule 
some  acetic  acid  being  ultimately  added,  ^^'l^^by  ^he  a  bumin  is  pr^^^^^ 
Hakes  The  precipitate  is  collected  on  a  weighed,  dried  110  ),  ash-fiee  ^tei  ana 
repeatedlv  walhed  with  hot  water,  then  with  alcohol,  and  dried  in  an  air-bath  at 
lir  Tlic  weight  of  the  filter  is  deducted,  and  finally  the  dned  fi  ter  ^^1th  the 
Albumin  s  burSed  in  a  weighed  platinum  capsule,  and  the  weight  of  the  ash  also 
Sluct  d     [This  method  is  not  ivailable  for  the  busy  practitioner  on  account  of 

tS  ume  it  takes.  Practically  it  is  -ffi-^^V^Zrof  rurin^e  tesJeJ  A 
proportion  that  the  precipitated  albumin  bears  to  the  bulk  of  the  urine  testea.  a 
S  adnated  tube  may  be  used,  so  that  after  the  precipitate  has  subsided,  the  physi- 
cian may  see  what  proportion  of  the  whole  the  If  ^iP^^^f  "^^"l^f.;^  „p 
Esbach's  Albumimeter  (fig.  263  .—A  glass  cylinder  is  filled  with  the  uruic  up 
to  the  mark  U  and  to  R  vrith  the  precipitant  (20  citric  acid  10  picric  acid,  9/0 
water)  The  vessel  is  corked  and  thin  shaken.  After  twenty-  our  hours  the  coagu- 
ated  krmL  subsides,  when  the  graduation  on  t^^^-fj^  .[^Z^.^" 
grms.  of  albumin  per  1000  c.c.  of  urine.    Very  albuminous  uuue  must  be  pre 

ttiS'occurs  only  in  albuminous  urine,  and  is  f^'J-tly  prese^^^^^^  Its 
presence  is  ascertained  by  adding  Powde-d  magnes^n^^^^^^^^^^ 
urine:  when  it  s  present  it  is  precipitated  (§  32).    iue  moie  S^"""""  ,. 
he  p  esence  of  albumin,  the  more  difficult  it  is  to  precipitete  t  [S^^™^^; 

.....  ti^t=^^^:^'^^i~^BTk^ 

diluted,  the  globulin  is  precipitated  (^^''^'"'f  )•]  •  ^^igo  in  non-albuminous  urine. 

3   Peptone  occurs  m  some  specimens  of  albuminous  '°  !  ^.pgent  and  even  in 

Ma  xnei  found  it  constantly  in  the  urine  s  a  cases  ^^^^^^^.^^^^^^ tl  e^p^^^^^^  these 
phthisis,  constituti^ng  pyogenic  ^^^'^'f^l^^'J'^'^^^^^  ll  o  whfn  many  leucocytes 

sulphate  precipitates  all  proteids  except  peptones  (p.  249). 


Fig.  263. 
Esbach's 
albumi- 
meter. 
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Teat  Spimvate  the  albumin  by  boiling  and  the  addition  of  acetic  acid.  Treat  the  filti-ate 
^viSrth;:o  vZnl  ot^aShol ;  th    precilntates  the  peptone,  which,  when  dissolved  in  water. 

4.  -^^PPfP;"^,®' rpj^e  u,i„o  is  treated  to  saturation  with  NaCl  and  a  large  quantity 
tubeixulos  s  (i?  f  ^,  ^ile  i,ot,  to  separate  the  albumin  and  globulin.    In  the  cold 

o  acetic  "''f^^'   ;'ftu  wh  ch  is  redissolved  bv  heat.    The  precipitate  thrown 

hltrate  P'^P^i;\°  ^^^"''i^^X^^^  1^  heat  {Kuhne).  The  precipitate  is  isolated  by  filtration, 
tddisJoWeJ  hi  a  HUl^warm  water,  Ihen  it  gives  (vith  HN^  aVdlow  reaction;  like  peptone 

^1  IjJ^ffin^XJea"  irS  uhSIc  wlS  much  egg-albumin  is  taken  in  the  food,  and  also 
when  i!  is  iniected  into  the  blood-vessels  {§  192,  4).  According  to  Semmola,  the  albumin 
pSnUn  the  urine  in  Brighfs  disease  has  undergone  a  molecular  change  (similar  to  egg- 

e'^Miiifsls^'pre^^  especially  in  catarrh  of  the  bladder.    It  contains 

uu^ueSr  Ulcus'  o  tI^^^^  which  are  scared?'  distinguishable  from  pus  corpuscles.  They  con- 
tah  albumin  so  that  urine  containing  much  mucus  is  albuminous  ;  mucin  is  not  precipitated 
by  heat  but  acetic  acid  gives  a  tlocculent  precipitate  in  clear  urine  piinute  traces  of  mucin 
occui  uormally  in  urine."  If  dear  normal  urine  be  set  aside  for  a  short  time,  a  liocculent  hazi- 
ness like  a  cloud  of  cotton  wool,  is  seen  floating  m  the  urine  This  is  mucus  entangling  a  f  w 
epithelial  cells  frmn  the  genito-urinary  tract.  Mucin  Eeaction. -According  to  W  Kobeit. , 
the  addition  of  a  concentrated  sdution  of  citric  acid  to  urine,  as  in  Heller  s  test  (§  264,  a) 
where  the  two  fluids  meet,  causes  an  opalescent  zone  gradually  to  be  formed  above  the  layer  ot 
acid.] 

Ofifi  BLOOD  IN  URINE  (RffiMATiraiA)-BLffiMOGLOBINURIA.-I.  Source  of  the 
Blood  -1(1)  In  hematuria,  the  blood  may  come  from  any  part  of  the  urinary  apparatus  1. 
lu  haemorrhage  from  the  kidney,  the  amount  of  blood  is  usua  ly  small  and  well  mixed  with  ^^^^^^^ 
urine  The  presence  of  "blood-cylinders,"  long  microscopic  blood  coagula  casts  of  the  urmi- 
ferous  tubules,  washed  out  of  them  by  the  urine,  is  characteristic  when  they  are  found  in  the 
urine  (fi-  "75  .  The  urine  usually  has  a  smoky  appearance.  [The  urine  slowly  dissolves  out 
the  colouring  matter,  the  stroma  of  the  corpuscles  after  a  time  bdng  deposited  as  a  I'vowmsh 
sediment.  The  smoky  hue  occurs  only  in  acid  urine  ;  if  the  urine  becomes  alkaline,  the  hue 
becomes  brighter  red.]  The  blood-corpusdes  show  peculiar  changes  ot  iorm,  [they  become 
crenatedl  (iiS.  264),  and  exhibit  evidence  of  division,  due  to  the  action  of  urea  on  them  (^  5). 
Large  coagula  are  never  found  in  urine  mixed  with  blood  derived  irom  the  kidney.  2  In 
haimorrhage  from  the  ureter,  we  occasionally  iiud  worm-like  masses  of  dotted  blood,  casts  ot 
the  canal  of  the  ureter.  3.  The  relatively  largest  coagula  occur  in  hemorrhage  from  the 
bladder.  In  all  cases  where  blood  is  present,  we  .^^"Sp 
must  examine  microscopically  for  the  blood-cor-  .■ti^^^^^'* 

puscles,  and  it  may  be  for  coagula  of  fibrin.    In        "^^^^^    ^  r\  O 

acid  urine,  blood-corpuscles,  but  never  arranged  in  ^    / )  O  O 

rouleaux,  may  be  found  after  two  to  three  days.  ^^^-i.         ^    KJ  ^  o 

The  blood-corpuscles  settle  as  a  red  sediment  at  ^^^^       (O        n  CP 

the  bottom.    If  the  htemorrhage  is  copious  many  ^^^W^j^j^^^^*^  0\     c\  f\ 

retain  their  original  shape,  but  if  the  urine  is  ^^^^P^^^  ^  ^^rs  f(<J 
very  concentrated,  they  may  become  crenated.  #**  0    '^^^     r^/  r^/  (_)  ^ 

When  there  is  a  small  and  slow  ha;morrhage  Cj  ^ 

from  ruptured  small  capillaries,  the  red  blood- 
corpuscles  are  of  unequal  size,  many  4  to  J  the 

.size  of  normal,  while  the  pigment  has  become  264.  Fig.  265. 

brownish-yellow  (fig.  265)  Fig.  264. -^Crenated  red  blood-corpuscles  in 

If  a  hfemorrhage  of  this  kind  be  accompanied  by     6^,^^^^  ^  pj„  265.— Peculiar  changes 

catarrhal  inflammation  of  the  bladder  there  is  blood-corpusdes  in  renal  hfema- 

lound  between  the  red,  numerous  shrivelled  leuco-     ^^^^^  ^ 
cytes  (fig.  265),  which  in  freshly  passed  urine 

often  exhibit  lively  amoeboid  movements.  If  the  urine  be  alkaline,  as  it  usually  is,  crystals 
of  triple  phosphate  also  occur. 

If  the  remains  of  the  red  blood-corpuscles  become  very  pale,  their  presence  may  be  frequently 
ascertained  by  adding  iodine  in  a  solution  of  KI  (fig.  265).  Blood  is  constantly  present  in  the 
urine  during  menstruation. 

II.  HsBmoglobinuria  is  quite  distinct  from  htematuria.  It  depends  upon  the  excretion  of 
hsemoglobin  as  such  through  the  kidneys,  and  it  is  produced  wlien  luenioglohin  occurs  free 
within  the  blood-vessels,  as  in  cases  where  the  coloured  blood-corpuscles  have  boon  dissolved 
inside  the  blood-vessels  (hfemocytolysis).  It  occurs  when  foreign  blood  is  transfused,  e.g.,  when 
lamb's  blood  is  transfused  into  man.  The  foreign  blood-corpuscles  are  dissolved  in  the  blood 
of  the  recipient,  and  the  hasmoglobin  appears  in  the  urine  (§  102).    In  addition,  microscopic 
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"cylinders,"  or  "casts,"  Ronsisting  of  a  globulin-like  body  tinged  yellow  with  haemoglobin, 
may  likewise  bo  found  in  the  urine.  It  also  occurs  in  cases  of  severe  burns  (§  10,  3) ;  after 
decomposition  of  tlio  blood  in  iiyiuniia,  scorbutus,  purpura,  severe  typhus,  after  respiring  arseni- 
urettod  hydrogen,  and  after  the  passage  of  azobenzol,  najihtol,  jjyrogallic  acid,  potassic  chlo- 
rate, chloral,  phosphorus,  or  carbolic  acid  into  the  circulation.  [Tlie  injection  of  laky  blood, 
water  ether,  glycerin  (Adams),  or  toluylendiamin  {Afawmieiu),  also  causes  it,  and  in  such 

,mj^^  cases  Afanassiew  asserts  that  the  Hb 


Fig.  266. 
Fig.  266.— Coloured  and  (a) 
of  various  forms.  Fig.  267. 


Fig.  267. 
colourless  blood-corpuscles 

  -Shrivelled  blood-corpuscles 

in  urine  (catarrh  of  the  bladder),  with  numerous  lymph- 
corpuscles,  and  crystals  of  triple  phosphate,  x  350. 

3.  Heller's  Blood  Test.— Add  to  urine  half  its  volume  of' solution  of  caustic  potash,  and  heat 
gently.  The  earthy  phosphates  are  precipitated,  and  they  carry  the  hfematin  with  them,  fall- 
ing as  garnet-red  flocculi.    [This  is  not  a  reliable  test]  ,  f  n 

4.  Hsemin  Test.— The  coloured  earthy  phosphates  may  be  collected  on  a  filter,  and  trom  them 
hcemin  may  be  prepared  as  directed  in  §  19.  „       .  j        •    i  4.1 

5.  Almen's  Test.— Add  to  urine,  freshly  prepared  tincture  of  guaiacum  and  ozonised  etuer  ; 
a  blue  colour  indicates  the  presence  of  blood  (§  37). 

6.  Spectroscope  (see  §  14).    Fig.  268  shows  the  arrangement  ot  the  apparatus. 


passes  out  through  the  glomeruli, 
while  brown  degeneration-products 
of  the  red  blood-corpuscles,  which 
arc  dissolved  by  these  agents,  were 
found  in  the  convoluted  tubules,] 
These  substances  dissolve  the  red 
blood-corpuscles.  Sometimes  it  oc- 
curs periodically  from  causes  and 
conditions  as  yet  but  little  under- 
stood, c.f/.,  the  application  of  cold 
to  the  skin. 

Tests  for  Blood  in  Urine. —1.  The 
colour  of  bloody  urine  shows  every 
tint,  from  a  faint  red  to  a  dark 
blackish-brown,  according  to  the 
amount  of  blood  present.  The  urine 
is  often  turbid. 

2.  Urine  containing  blood  or  blood- 
pigment  contains  albumin. 


The  urine 


Fig.  268. 


rig.  ^00. 

Spectroscope  for  investigating  the  presence  of  ha?moglobin  in  urine, 
is  placed  in  a  glass  vessel,  D,  with  parallel  sides  1  cei|timetre  apart  (hamatuiom^^^^^^ 
^^l^^^^l^'U^^^  iSS&es  the  spectnii^ 
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of  oxvhffimoelobin  (fi".  17).  (6)  When  bloody  uriue  is  exposed  for  some  time,  especial  y  m 
a  warm  Xce  it  become;  move  add,  and  assumes  a  dark  brownish-black  colour,  i he  hemoglobin 
a  « aim  place,  f "ij-^i^o^^^  (§  15).  it  is  precipitated  by  lead  acetate,  which  does 
XeciSlsli£iSS^S^;|«  spiltruii  or  "-thLmo^lobin  i.sena>l^^^ 

;  1  1  p;  fiir  17)     The  spectra  may  be  combined.    («)  i he  microBcopic  iiivesu{,d 

?lo™^^^^^^^^^^  Bhafeof  the 'corpuscles  may  vary  considerably  (figs.  264  to 

266). 

QRR  BILE  IN  URINE  (CHOLURIA).— The  physiological  conditions  which  cause  the  bile- 
-^n^sHh'iinits  to  appear  in  the  urine  are  mentioned  in  part  at  §  180.  , 

SmatSenic,^  oi  Anhepatogeni^  Icterus  {Quimckc),  occurs  when  bilirubin  (§  20)  is  formed 
from  e^trafasated  blood  by  the°action  of  the  connective-tissue  corpuscles,  so  that  bile  pigments, 

tSSilretr llS:  "^^l^^^^^r.^^^^^  test.  6^,...  (Biliverdin) 
is  the  characteristic  hue  in  the  play  of  colours  obtained  with  this  test,  which  is  iuUy  described 

""Midtacations  of  the  Test.-l.  If  icteric  urine  be  flltei^d  through  filtering  or  blotting  paper, 
a  drop  of  nitric  acid  containing  nitrous  acid,  when  applied  to  the  inner  surface  of  the  spread- 
out  fiter,  gives  a  yellowish  cofoured  ring  {Roscnbach).  2.  In  order  that  the  reaction  may  not 
teke  place  too  rapidly,  add  a  concentrated  solution  of  sodic  nitrate  and  then  slow  y  pour  in 
sulphuric  acid  {FldJhl).  3.  On  shaking  50  c  c.  of  icteric  urine  with  10  c.c.  of  chloroform 
the  bi  irubin  is  dissolved  by  the  latter.  On  adding  bromide  water,  a  beautiful  ring  of  colours 
is  obtained  {Maly).  If  the  chloroform  extract  be  treated  with  ozonised  turpentine  and  dilute 
caustic  potash  a  green  colour,  due  to  biliverdin,  occurs  m  the  watery  fliud  {Gerhardt). 

S  slilht  decrees  of  jaundice,  urobilin  alone  may  be  found  (§  261,  l){Qianckc). 

InSstenthigh  fever,  th^  urine  contains  especially  biliprasm  (^w^j^^ert).  If  it  contams 
choletelin  alone,  add  to  the  urine  some  hydrochloric  acid_,  and  examine  it  with  the  spectroscope, 
which  gives  a  pale  absorption- band  between  h  and  F  (§  177,  3,/).  _ 

nLmatoidin  -Sometimes  crystals  oi  h^matoidiii  (§  20,  fig.  14)  appear  m  the  urine  especially 
when  blood-corpuscles  are  dissolved  within  the  blood-stream;  occasionally  m  scarlet  tevei  and 
typhus,  and  sometimes  in  cases  of  periodic  hemoglobinuria.  The  breaking  up  of  old  blood- 
clots  in  the  urinary  passages,  as  in  pyonephrosis  {Ehstem),  or  the  dissolution  ot  necrotic  areas 
(Eofmann  and  Ultzmann)  produces  them,  and  similar  crysta  s  occur  in  analogous  cases  in  the 
sputum  (§  138).    In  jaundice  due  to  congestion  (§  180),  the  identical  crystalline  substance, 

bilirubin,  is  found.  .     .  ,   ^  ^1  4. 

II  Bile  acids  occur  in  largest  amount  in  absorption  jaundice,  but  they  are  never  present  to 
any  extent.  The  test  is  described  at  §  177,  2,  the  cane-sugar  solution  consisting  of  0  -5  grm.  to 
1  litre  of  water.  If  the  urine  be  dUute,  it  is  advisable  to  concentrate  it  on  a  water-bath.  [It 
is  rare  to  get  a  satisfactory  result  with  Pettenkoffer's  test  in  ordinary  icteric  urine.]  V. 
Pettenkofer's  test  may  be  used  with  the  alcoholic  extract  of  the  nearly  ary  residue,  but  no 
albumin  must  be  present.    Dragendorff  found  0-8  grm.  in  100  litres  of  «or?)iaZ  urine. 

Strassburg's  Modification.— Dip  filter  paper  into  the  urine,  to  which  a  little  cane-sugar  has 
been  added ;  dry  the  paper  and  apply  to  it  a  di-op  of  sulphuric  acid.  A  violet-red  colour  is 
obtained  after  a  short  time.    [Hay's  Reaction  (§  177).] 

267.  SUGAR  IN  URINE  (GLYCOSURIA). —Diabetes  Mellitus.— The  excessively  minute 
trace  of"  grape-sugar  or  dextrose,  which  is  constantly  present  in  normal  urine,  sometimes 
becomes  gi'eatly  increased  and  constitutes  the  conditions  of  diabetes  mellitns  and  glycosuria. 
The  physiological  conditions  which  determine  this  result  are  given  at  §  175.  In  this  condition, 
the  quantity  of  urine  is  greatly  increased,  it  may  reach  10  or  more  litres.  Many  pints  may  be 
passed  daily.  [The  usual  abnormal  amount  of  sugar  is  from  1  to  8  per  cent.,  although  15  per 
cent,  has  been  found,  i.e.,  found  from  5  to  50  grs.  per  fluid  oz.,  or  300  to  4000  grs.  in  twenty- 
four  hours.]  The  specific  gravity  is  also  increased  (1030  to  1040).  [In  a  case  where  a  large 
amount  of  urine  is  passed  of  a  pale  colour  and  a  specific  gravity  above  1030,  always  suspect 
sugar.]  A  diabetic  person  gives  ofi"  relatively  more  water  by  the  kidneys  and  less  by  the  skin 
(and  lungs  ?)  than  a  healthy  person.  The  colonr  is  very  pale  yellow,  although  the  amount  of 
pigment  is  by  no  means  diminished — it  is  only  diluted  [the  depth  of  the  colour  being  inversely 
as  the  quantity  passed].  The  amount  of  the  nitrogenous  urinary  excreta  is  increased.  The 
sugar  is  increased  by  a  diet  of  carbohydrates  and  diminished  by  an  albuminous  diet.  The  uric 
acid  and  oxalate  of  lime  are  often  increased  at  the  commencement  of  the  disease,  while  yeast 
cells  are  constantly  present  after  the  urine  has  been  exposed  to  the  air  for  some  time. 

Sugar  has  been  found  occasionally  after  poisoning  with  or  after  the  use  of  morpliia,  CO, 
chloral,  chloroform,  curara ;  after  the  injection  of  ether  and  amyl  nitrite  into  the  blood  ;  and  in 
gout,  intermittent  fever,  cholera,  cerebro-spinal  meningitis,  hepatic  cirrhosis,  and  cardiac  and 
pulmonary  affections. 

[There  is  no  doubt  that  normal  healthy  human  urine  contains  a  reducing  agent,  which  reduces 
cupi  ic  oxide  to  the  same  extent  as  if  the  urine  on  an  average  contained  6  grains  of  glucose  in 
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causo 
The 


every  10  fluid  ounces  of  urine,  or  1-34  grnis.  per  litre.  As  tins  substance  does  not 
alcoholic  fornientation  in  its  solutions,  its  identity  with  glucose  appears  to  be  doubtful, 
most  active  reduoiuL' agent  is  probably  kroatinin  (6-'.  .S'.  Jo/wwo/t).]  . 

Tests  —Any  of  the  tests  described  at  S  149  may  be  used,  but  the  urine  must  be  free  Irom 
nlbuinin  The  quantitative  estimation  by  fermentation  and  tlie  titration  methods  are  described 
in  ^  149  [The  tests  for  grape-sugar  described  in  §  149  are  (1)  Tiommer's  ;  (2)  lehluigs  ;  (3) 
Moore  &  Heller's  ;  (4)  Hlittger's  ;  (5)  Mulder  &  Neubauer's  ;  (0)  Fermentation  test.] 

7  Woim-Miiller  recommouds  the  following  modilication  oi  Ichlings  test.  Use  a  ^'D  per 
cent  solution  of  cupric  sulphate  solution,  and  another  of  10  parts  of  sodio-potassic  tartarate  in 
100  parts  of  4  per  cent,  solution  of  soda.  Hoil  5  c.cm.  of  urine  in  a  test-tube,  while  in  a  second 
test-tube  is  boiled  1  to  3  c.cm.  of  the  copper  solution  and  2 -5  c.cm.  of  the  potassio-tar  arate 
solution  The  boiling  of  both  fluids  is  stopped  simultaneously,  and  after  20  to  25  seconds  the 
contents  of  one  test-tube  are  added  to  those  of  the  other,  but  without  shaking  the  mixture,  the 
reduction  taking  place  spontaneously. 

8  Nylander's  modification  of  Biittger's  test  is  also  good       49).  ,    -n     •  • 
[9   Picric  Acid  and  Potash  Test.-Braun  showed  that  grape-sugar,  when  boiled  with  picric 

acid'and  potash,  reduces  the  yellow  picric  acid  to  the  deep  red  picramic  acid,  the  gh  of  the 

colour  defending  on  the  amount  of  sugar  present.    Dr  Johnson  uses  this       *oi  detecting  t 

presence  of  suga?  in  urine,  and  also  for  estimating  the  amount  o  sugar  presen    the  depth  of  the 

Fed  colour  obtained  in  boiling  being  compared  with  ^'l^l^^ion  ot  ler  c  a^^ 

.Inincr  the  test  use  1  drachm  of  urine,  h  a  drachm  of  liquor  potassie,  and  10  ni  nim.s  ot  piciic 

Solution    l  aL  up  ^ith  distilled  water,  and  boil  the  mixture  for  one  minute 

Tl^i  ttt  indicates  thl  presence  of  0-6  grain  °/  -g^M^er  fluid  ounce  o   nonna   unn  D 

Johnson  claims  for  this  test  that  it  possesses  all  the  advantages      the  ^"t^*^^^^ 

not  iff-ected  bv  uric  acid  or  aTiy  other  normal  ingredient  of  urine  ;  neither  does  the  picsence  ot 

albunUn  iSerL-rwith  the  action  of  the  test  as  it  does  with  all  the  forms  ot  copper  testing 

InS-car^^Se  Test. -A  blue  solution  of  this  substance,  when  boiled  with  diabetic 
nr  ne'c  Sufning^dic  carbonate,  changes  from  a  blue  to  a  ^^V^^^;^^/'^^:^ 
finally,  straw-yellow  colour.  After  cooling  and  exposure  to  the  ^''^L^^-l'l^^^'^^^^^ 
obtained  in  the  reverse  order  until  the  mixture  becomes  blue  again.  Di  Olivei  uses  this  test  in 
?he  fonn  o  est'plpers.  One  bibulous  paper  is  impregnated  with  the  i"J;g°-'-7'"^"«^,^°.J  ''^^ 
othei  wXsodic  carbonate     Drop  one  of  the  test-papers  and  a  sodic  carbonate  pape   into  a 

"edace  FeMio.'s  sSlution,  do  not  alfect  the  cai-mine  test,  nor  does  kre.uom,  althongU  .t  ,eacts 
"[t^n\KrmSin._(„)Fem^^^^^ 

:£\rtu:t?s?='uritt^3;i-^^^^ 

fluid  02  {EoberUi}.    It  it  be  desired  to  get  the  peieentage,  mnltiply  the  densit)  lost  0)  16, 
''■^.i'vo^ll'^^l^^i.'^iil.  of  FehHng's  sol„tio„=  -05  g,,„.„,e  of  sugar 
TAscertain  the  quantity  ot  nrine  V^^^J'  'Z'VZairw  c  c  S  F  h  bg"  "  itbn 

on  a  wire  gauze  support  under  a  burette.    (It  is  diluted  ^^f  ^Vf  ,f7  '^^^^^^^^         l^.e  the  diluted 

maining.    Read  off  the  number  of  c  c.  of  .ZiZ^te  imne  emploj^ec^^^^  tS^aLnt  passes  1550  c.c. 

of  couSe,  represents  1-8  C.C   of  the  W  ,  iirme  Supp^^^^^^ 

as  1-8  C.c.  of  urine  reduced  all  the  cupric  oxide  m  the  lU  c.c.  oi  j;euuuo=, 

contain  "05  gramme  sugar,  hence, 

1  -8  : 1550  : :  -05  :  1^5°^  =  237  "5  grammes  of  sugar  passed  in  24  hours.] 

[Preparation  of  Fehling's  So;ntion  -34-64  grammes  of  -y^^^^^^^ 
powdered  and  dissolved  in  200  c.c.  of  distilled  water  ;  in  a^^^^^^^^^^^  ^^^.^  ^^l^tions, 

Ed'^dt;rtS?.i;sfoS.Y«M 

and  uric  acid,  reduce  cupnc  oxide.] 
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ic) 


According  to  Wovm-Miiller,  tlie  polarization  method 


almost  valueless  for  diabetic 


"'ipioro  Saccharimeter  -G.  Johnson  uses  a  stoppered  bottle  12  inches  long  and  ^  inch  wide, 
[Picio-baccnanmeiei.        o  ii  shorter  bottle  containing  the 

"^r'^T'f^ZtJiiLTi^^^^^  LiuUon,  composed  of  liquor  ferri  per- 

s  andard  iron-soh^ion  toi  co^^^^^^     ^         ^^^^.^  ^^.^^  ^.^  y    a„„,,„„i„  5i,  and  water  to 

chloride  3j.  liq- -^mmon-  ^  colour  identical  with  a  solution  containing  1  gr. 

T'''  "^,^^1;  nei  0?'  rcducecl  by  picrfc  acid  and  afterwards  diluted  four  times,  so  tliat  this 
of  pi«-«"g'^J  P^J„°',;i;",    After  the  sugar  with  the  picric  acid,  pour  into  the  tal 

I'f  7i*  ^L^Z^mvh  e  Hnuid  1  loduced  b/boiling  to  occupy  ten  divisions  of  the  tube,  and  add 
Sistn  d  iter  c\uSS^  a'pproaches  that  oV'the  standard  ;  read  off  the  level  o 

tSuTd     Tl  e^  a^^^  sugar  present  is  determined  from  the  amount  of  water  added.  In 

the  nuia.    ine  ai  „     1  proportion  to  the  amount  of  sugar  present.] 

laie  iSit  es  o^  d  xtrose  ""  taken  in  the  foU,'a  part  of  it  (and  more  in  diabeti^c  i^rsons) 
anneSluTe  u  ne.  La^vulose,  when  taken  internally,  does  not  increase  the  amount  oi  sugar 
Kube  es  The  free  use  of  stal'ch  does  not  cause  glycosuria  m  health,  but  m  diabetes  it  m- 
rrpnsos  the  amount  o^  su-ar.  A  large  consumption  of  cane-  or  milk-sugar  causes  the  passage 
of  sTall  ^uaSs  oY^  these  sngavs  into  the  urine  in  health  win  e  in  diabetes  the  an.ount 
ot  small  quantiTieso  ^^^^^^^^^  increased  [Wm-in-jMiiUcr).  According  to  Kulz,  m  diabetic 
persons  cane-sugar  splits  up  into  grape-  and  fruit-sugar,  the  latter  being 
used  up  in  the  body,  the  former  partly  excreted  ;  and  the  same  is  the  case 

TevM^^  rases  of  diabetes  mellitus,  Kiilz  found  the  left-rotatory  0-oxy- 
butyric  acid  (the  next  highest  analogue  of  lactic  acid  in  the  urine,  from 
which  acetic  acid  is  formed  by  oxidation  (§  175)  which  m  its  urn  readily 
vields  CO.,  and  aceton.  a-crotonic  acid  is  tormed  m  urme  by  the  removal 
of  water  from  oxybutyric  acid  iu  the  urme  in  diabetes  {Stacldmann).  The 
administration  of  aceton  causes  albuminuria,  and  this  may  in  part  explain 
in  some  cases  the  complication  of  albuminuria  m  diabetes  {Albertom  and 

Aceton,  or  Aceton-yielding  substance,  probably  aceto-acetic  acid,  is  some- 
times found  in  diabetic  urine.  It  has  a  peculiar  vinous  odour  and  it  has 
been  detected  in  the  urine  during  fever.  Gerhardt  descnbed  a  peculiar 
substance  in  diabetic  urine,  which  gave  a  deep  red  colour  with  perchloride 
of  iron.  This  substance  is  probably  diacetic  ether,  and  he  considered  it  to 
be  the  source  of  aceton;  but  it  is  more  probably  derived  from  aceto-acetic 
acid  Tests  for  Aceton.— (1)  Perchloride  of  iron  =  Burgundy-red  colour ; 
but  this  is  not  reliable.  (2)  Lieben  suggested  an  iodoform  test.  Dissolve 
20  grains  of  KI  in  a  fluid  drachm  of  liq.  potassse,  and  boil  the  fluid,  i-our 
the  suspected  urine  on  the  sur- 
face, when  a  ring  of  phosphates 
is  deposited  from  the  urine  by 
the  hot  alkaline  solution.  If 
aceton  be  present,  after  a  time 
the  deposit  becomes  yellow,  and 
yellow  granules  of  iodoform  ap- 
pear and  sink  to  the  bottom  of 
the  test-tube.  The  only  other  ' 
substance  which  may  be  met 
with  in  the  urine  giving  this  re- 
?">  action  is  lactic  acid. 

Milk-sugar  issometimes  found 
in  the  urine  of  women  who  are 
nursing  ;  when  the  secretion  of 
Picro-saccharimeter  -^^w^  jg  arrested,  absorption  tak- 
of  G.  Johnson.     j^g  pj^ce  from  the  breasts  {Kir- 
sten,  Spiecjelherg).    Lsevulose  is  sometimes  found  in 
diabetic  urine  (§  252). 

Dextrin  has  also  been  found  in  diabetic  urine.  -L  ig.  -lu- 

Inosit,  or  muscle-sugar  (§  252),  is  sometimes  found  luosit  crystallised  partly  from  alcohol  and 
in  diabetes,  in  polyuria,  and  albuminuria.     It  is         partly  from  water  (after  i^iJH^-«). 
found  in  traces,  even  in  normal  urine.  Occasionally, 

after  the  piqiire  in  animals  (§  175),  inosit,  instead  of  grape-sugar,  appears  in  the  urine  (tig.  270). 
In  testing  for  inosit,  remove  the  grape-sugar  by  fermentation,  and  the  albumin  by  heat  after  the 
addition  of  a  few  drops  of  acetic  acid  and  sodio  sulphate.  Some  of  the  filtrate  is  evaporated 
nearly  to  dryness  on  a  capsule.  To  the  residue  add  two  drops  of  mercuric  nitrate  (Liebig's 
....   ..         ,   -X  ^yi^iyi^  giyes  a  yellow  precipitate.    When  this  coloured  residue  is  spread 


Fig.  270. 


titration  fluid  for  urea) 
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out  and  carefully  heated,  a  dark  red  colour,  which  disappears  on  cooling,  is  obtained  {Gallois, 
K'ilh).    [luoslt  gives  a  green  when  boiled  with  Fehling's  solution.] 

268.  CYSTIN.— This  left-rotatory  body  C„HinNaS„0.„  occurs  very  seldom  in  large  amount 
in  urine,  although  it  seonis  to  be  a  constituent  of  normal  urine.  It  may  be  in  solution  or  in 
the  form  of  hexagonal  crystals  (fig.  271,  A).  It  is  insoluble  in  water,  alcohol,  and  ether,  but 
easily  soluble  in  ammonia,  from  which  solution  it  may  be  crystalli.sed.  According  to  IJaumann 
and  Treusse,  there  arc  intermediate  products  of  the  metabolism,  from  which  are  furnished  the 
nnvterials  necessary  for  the  formation  of  cystin.  During  normal  nietabolism  these  materials 
undergo  further  changes,  and  the  sulphur  appears  oxidised  in  the  urine  as  sulphuric  acid.  In 
rare  cases  these  oxidations  do  not  take  place,  and  then  the  sulphur  appears  in  the  cystin  of  the 
urine  {Sladtluujcn). 

269.  UEUCIN  =  C,.Hj3N0.,.  TYE0SIN  =  C,|HjiN03.— Both  bodies  occur  in  the  urine  in  acute 
yellow  "atrophy  of  the  liver,  and  in  poisoning  by  phosphoius.  (Their  formation  during 
pancreatic  digestion  has  been  referred  to  in  §  170,  II.)  As  the  urea  excreted  is  usually 
diminished  at  the  same  time,  it  is  assumed  that,  in  these  diseases,  the  further  oxidation  of  the 
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A,  crystals  of  cystin  ;  B,  oxalate  of  lime ; 
c,  hour-glass  forms  of  B. 


Fig.  272. 

a,  a,  leucin  balls ;  6,  h,  tp-osin  sheaves ; 
c,  double  balls  of  ammonium  urate. 


derivatives  of  the  proteids  is  interfered  with.  Leucin,  which  is  either  precipitated  spontane- 
ously or  obtained  after  evaporating  an  alcoholic  extract  of  the  concentrated  urine,  occurs  in 
the  form  of  yellowish-brown  balls  (fig.  272,  a,  a),  often  with  concentric  markings,  or  with  fine 
spines  on  their  surface.    When  heated,  it  sublimes  without  fusing. 

Tyrosin  forms  silky  colourless  sheaves  of  needles  (fig.  272,  I,  I).  When  boiled  with  mercuric 
nitrate  and  nitric  acid  it  gives  a  red  colour,  and  afterwards  a  brownish-red  precipitate.  Piria  s 
Test.— When  slightly  heated  with  a  few  drops  of  concentrated  sulphuric  acid,  it  dissolves  with 
a  temporary  deep  red  colour.  On  diluting  with  water,  adding  barium  carbonate  until  it  is 
neutralised,  boiling,  iiltering,  and  adding  dilute  ferric  chloride,  a  violet  colour  is  obtained 
{Piria,  Stddelcr). 

270.  DEPOSITS  IN  URINE.— Deposits  may  occur  in  normal  and  in  patho- 
logical urine,  and  they  may  be  either  "  organised  "  or  unorganised." 

I.  Organised  Deposits. 

A  Blood  :  red  and  white  blood-corpuscles  and  sometimes  fibrin  (figs.  264-266). 

B  Pus  in  greater  or  less  amount  in  catarrh  or  inflammation  of  the  urinary  passages,  lus 
cells  exactly  resemble  colourless  blood-corpuscles  (figs.  9,  267).  Donne's  Test. -Pour  off  the 
supernatent  fluid  and  add  a  piece  of  caustic  potash  to  the  deposit;  if  it  be  pus  it  becomes 
gelatinous,  ropy,  and  more  viscid  (alkali-albuminate).  Mucus,  when  so  acted  on,  becomes 
more  fluid 'and  mixed  with  fiocculi.  „.i,o„no  if  i« 

C.  Epithelivun  of  various  forms  occurs,  but  it  is  not  always  possible  to  say  whence  it  is 

derived. 
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D  Soermatozoa  mav  be  present.  ,   ,  ^,  i 

-  .E  Lower  organisnis  occur  in  the  urinary  passages  very  seldom,  but  they  may  be  present, 
P  n  'in  the  bladder  when  aerms  are  introduced  from  without  by  means  ot  a  dirty  catheter, 
rifetbre  introducing  a  catheter  into  the  bladder  one  ought  always  to  niake  sure  that  the  insti-u- 
is  pe°^^^^^^^  Micrococci  are  found  in  the  urine  in  certain  diseases,  e.g., 

diphtheria.    The  following  forms  are  distinguished  :—  ,.nv  tlipir 

1  Schizomvcetes  184).  Normcd  human  urine  contains  neither  schizomycetes  noi  then 
spores.  In  pathological  conditions,  however,  fungi  may  pass  from  the  blood  into  the  urinary 
tubules  and  thus  reach  the  urine  {Lcuhc)._  During 
the  alkaline  fermentation  of  urine,  micrococci, 
rod-shaped  bacteria  or  baciUi  (fig.  273)  appear. 
Sarcinse  belong  to  the  group  (§  186). 

2.  Saccharomycetes  (fermentation  fungi)  :  («) 
The  fungus  of  the  acid  urine  fermentation  (S. 
urinfc)  consists  of  small  bladder-like  cells  arranged 
either  in  chains  or  in  groups  (figs.  260,  ft ;  273,  /). 
(6)  Yeast  (S.  fermentum)  occurs  in  diabetic  urine, 
as  oval  cells  with  a  dotted  eccentrically-placed 
nucleus  (fig.  237). 

3.  Phytomycetes  (moulds)  occur  in  putiid  urine 
(fig.  273,  e).  They  are  without  clinical  signifi- 
cance. 

F.  Tube  Casts.— The  occurrence  of  tube  casts,  i.^.,   — -    >  .  - 

1837),  is  of  great  importance  in  the  diagnosis  of  renal  diseases.  If  these  structures  are  relatively 
thick  and  straight,  they  probably  come  from  the  collecting  tubules,  but  if  they  are  smaller  and 
t^visted,  they  probably  come  from  the  convoluted  tubules.  There  are  various  forms  of  tube 
casts  -—1  EpitheUal  casts,  consisting  of  the  actual  cells  of  the  uriuiferous  tubules. 
They  indicate  that  there  is  no  very  great  change  going  on,  but  only  that,  as  m 
catarrhal  inflammation  of  any  mucous  membrane,  the  epithelium  is  m  process  ot 
desquamation.  2.  Hyaline  casts  (fig.  280)  are  quite  clear  and  homogeneous,  usu- 
ally long  and  small;  sometimes  they  are  "finely  granular,"  from  the 
presence  of  fat  or  other  particles.  They  are  best  seen  after  the  addition 
of  a  solution  of  iodine.    They  are  probably  formed  from  albumin,  which 

'A 


Fungi 


in  urine,    e,  mould  ;  /,  yeast ;  d,  (j, 
micrococci  and  bacilli  ;  a,  b,  c,  uric  acid, 
casts  of  the  uriuiferous  tubules  {Henlc, 


Fig.  274. 
Fig.  274.— Epithelial  casts 


Fig.  275 
Fis.  275. 


 ^.j,.  Blood  cast.    Fig.  276.  —  Leucocyte  cast. 

Acidsodic  urate  in  cylinders.    Fig.  278. — Finely  granular  cast. 

passes  into  the  uriniferous  tubules.  They  are  dissolved  in  alkaline  urine,  while  acid  urine 
favours  their  formation.  They  usually  occur  in  the  late  stages  of  renal  disease,  after  the 
tubular  epithelium  has  been  shed.  3.  Coarsely  granular  casts  (fig.  27'9)  are  brownish- 
yeUow,  opaque,  and  granular,  usually  broader  than  2.  There  are  various  forms.  Not  uufre- 
quently  there  are  fatty  granules,  and,  it  may  be,  epithelial  cells  in  them.  4.  Amyloid  casts 
occur  in  amyloid  degeneration  of  the  kidneys  (fig;  280).  They  are  refractive  and  completely 
homogeneous,  and  give  a  blue  colour  (amyloid  reaction)  with  sulphuric  acid  and  iodine.  5.  Blood 
casts  occur  in  capillary  hemorrhage  of  the  kidney,  and  consist  of  coagulated  blood  entangling 
blood- corpuscles  (fig.  275).    When  tube  casts  are  present,  the  urine  is  always  albuminous. 

Leucocyte  casts  occur  in  suppurating  conditions  of  the  urinary  tubules  (fig.  280).  The  urates 
in  the  form  of  casts  (fig.  277)  are  without  significance. 

II.  Unorganised  Deposits. 

Some- of  these  are  crystalline  and  others  are  amoi-phous,  and  they  have  been  referred  to  in 
treating  of  the  urinary  constituents. 
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271.  SCHEME  FOR  DETECTING  URINAEY  DEPOSITS.— I.  In  acid  urine  there  may 
occur — 

1.  An  amoi-plioiis  granular  deposit: 

(«)  Which  is  dissolved  by  heat  and  reappears  in  the  cold  ;  the  deposit  is  often  reddish  in 
colour  =  urates  (fig.  260). 

{b)  Which  is  not  dissolved  hy  heat,  but  is  dissolved  by  acetic  acid,  but  without  efferves- 
cence =  probably  tribasic  calcic  phosphate. 

(c)  Small  bright  refractive  granules,  soluble  in  cthor  =  fat  or  oil  granules  (§  41),  (Lipa;nna). 
Fat  occurs  in  the  urine,  especially  when  the  round  worm,  Filaria  sanguinis  hominis, 
is  present  in  the  blood  ;  sometimes,  along  with  sugar,  in  phthisis,  poisoning  with 
I)hosphorus,  yellow  fever^  pyemia,  after  long-continued  suppuration,  and  lastly,  after 
the  injection  of  fat  or  milk  into  the  blood  (§  102).  It  occurs  also  in  fatty  degenera- 
tion of  the  urinary  apparatus,  admixture  with  pus  from  old  abscesses,  and  after  severe 
injuries  to  bones.  In  these  cases  attention  ought  to  be  directed  to  tlie  presence  of 
cholesterin  and  lecithin.  Very  rarely  is  the  fat  present  in  such  amount  in  the  urine 
as  to  form  a  cream  on  the  surface  (chyluria). 


Fig.  279. 


Fig.  281. 


Fig, 


282.  Fig.  283. 

Fi-.  279.-Coarsely  granular  casts.    Fig.  280.-Hyalineca3ts  a;    &,  ^'^J^^  1^,!^.°°^^^^ 
°  renal  epithelium^  Fig  281.-«,  Granules  of  calcic  carbonate  of  lime ;  be,  ^^l^^^^J^'^^ 
calcic  phosphate.   Fi|.  282.-Ammonio-magnesic  phosphate.    Fig.  283.-lmpertect  terms 
of  the  same. 

2.  A  crystalline  deposit  may  be — 

(a)  Uric  acid  (fig.  256).  .     ,  , ,   .       4.-  „„:,i 

(6)  Calcium  oxalate  (tig.  258)-octahedra  insoluble  m  acetic  acid. 

(c)  Cystin  (tig.  271).  . 

(d)  Leucin  and  tyrosin— very  rare  (lig.  2/2). 

II.  In  alkaUne  urine  there  may  occur—  wiHiout  effervesceuce  = 

1.  A  completely  amorphous  granular  deposit,  soluble  in  acids  without  cacrvebueu 
tribasic  calcic  phosphate. 
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or 


Fig.  284. 
Acid  ammonium  urate. 


Fig.  285. 
Basic  magnesic  phospliate. 


2.  Sediment  crystalline,  ar  with  a  characteristic  fonn. 
(ft)  Triple  phospliate  (figs.  282,  283),  soluble  at  once  in  acids.  . 
(i)  Acid  ammonium  urate-dark  yellowish  small  balls  often  beset  with  spiues,  also 

((,•)  CaTcium^carbonate— whitish  balls  or  biscuit-shaped  bodies.    Acids  dissolve 
them  with  ellervescence  (fig.  281). 

(d)  Leucin  and  tyi-oain  (fig.  272)— very  rare.  ■     ^.     ,  ^  n-  oqkn 

(e)  Neutral  calcic  phosphate  and  long  plates  of  tnbasic  magnesic  phosphate  (tig.  iS&). 
Organised  deposits  may  occur  both  in  alkaline  and  in  acid  urine ;  pus-cells  are  more  abundant 

ill  alkaline  urine,  and  so  are  the  lower  vegetable  organisms. 

272  UEINARY  CALCULI.— Urinary  concretions  may  occur  in  granules  the  size  of  sand, 
in  masses  as  large  as  the  fist.    According  to  their  size  they  are  spoken. of  as  sand,  gi-avel, 
stone,  or  calculi.     They  occur  in  the  pelvis  of  the  kidney,  ureters, 

t/  •      \;  '-U^      bladder,  and  sinus  prostnticus. 
'>*yfe"''?b-^^^         Wo  may  classify  them  as  follows  (C/ZteHi«?i7i,)  :— 
/  .^^Str^JU"  '  '         I    Calculi,  whose  nucleus  consists  of  the  sedimentary  deposits 
that  occur  in  acid  urine  (primary  formation  of  calculi).    They  are 
all  formed  in  the  kidney,  and  pass  into  the  bladder,  where  they 
enlarge  by  the  deposition  of  mat- 
ter on  their  surface. 

2.  Calculi,   which  are  either 
^  ^      sedimentary  forms  from  alkaline 

.  ^mt^^"\  °      urine,  or  whose  nucleus  consists 
MP-' ' '  '  •  ~  ^gSfaT-      of  a  foreign  body  (secondary  for- 
^n.-'-  .  aSISS^-     mation    of   calculi).    They  are 
formed  in  the  bladder. 

The  primary  formation  of  cal- 
culi begins  with  free  uric  acid  in 
the  form  of  sheaves  (fig.  256) 
which  form  a  nucleus,  with  concentric  layers  of  oxalate  of  lime.  The  secondary  formation 
occurs  in  neutral  urine  by  the  deposition  of  calcic  carbonate  and  crystalline  calcic  phosphate  ; 
in  alkaline  urine,  by  the  deposition  of  acid  ammonium  urate,  triple  phosphate,  and  amorphous 

calcic  phosphate.  r  -i  ^ 

Chemical  Investigation.— Scrape  the  calculus,  burn  the  scrapings  on  platinum  toil  to  ascer- 
tain if  they  are  burned  or  not. 

I.  Combustible  concretions  can  consist  only  of  organic  substances. 

{a)  Apply  the  murexide  test  (§  259,  2),  and,  if  it  succeeds,  uric  acid  is  present.  Uric  acid 
calculi  are  very  common,  often  of  considerable  size,  smooth,  fairly  hard,  and  yellow  to  reddish- 
brown  in  colour. 

(6)  If  another  portion,  on  being  boiled  with  caustic  potash,  gives  the  odour  of  ammonia  (or 
when  the  vapour  makes  damp  turmeric  paper  brown,  or  if  a  glass  rod  dipped  in  HCl  and  held 
over  it  gives  white  fumes  of  ammonium  chloride),  the  Concretion  contains  ammonium  urate. 
If  b  gives  no  result,  pure  uric  acid  is  present.  Calculi  of  ammonium  urate  ar*  rare,  usually 
small,  of  an  earthy  consistence,  i.e.,  soft  and  pale  yellow  or  whitish  in  colour. 

(c)  If  the  xanthin  reaction  succeeds  (§  260),  this  substance  is  present  (rare).  Indigo  has  been 
found  on  one  Occasion  in  a  calculus  (Ord). 

(d)  If,  after  solution  in  ammonia,  hexagonal  plates  (fig.  271,  A)  are  found,  cystin  is  present, 
(c)  Concretions  of  coagulated  blood  or  fibrin,  without  any  crystals,  are  rare.    When  burned 

they  give  the  odour  of  singed  hair.  They  are  insoluble  in  water,  alcohol,  and  ether  ;  but  are 
soluble  in  caustic  potash,  and  are  precipitated  therefrom  by  acids. 

(/)  TJrostealith  is  applied  to  a  caoutchouc-like  soft  elastic  substance,  and  is  very  rare.  When 
dry  it  is  brittle  and  hard,  brown  or  black.  When  warm  it  softens,  and  if  more  heat  be  applied 
it  melts.  It  is  soluble  in  ether,  and  the  residue  after  evaporation  becomes  violet  on  being 
heated.    It  is  soluble  in  warm  caustic  potash,  with  the  formation  of  a  soap. 

II,  If  the  concretions  are  only  partly  combuBtible,  thus  leaving  a  residue,  they  contain 
organic  and  inorganic  constituents. 

(a)  Pulverise  a  part  of  the  stone,  boil  it  in  water,  and  filter  while  hot.  The  urates  are  dis- 
solved. To  test  if  the  uric  acid  is  united  with  soda,  potash,  lime,  or  magnesia,  the  filtrate  is 
evaporated  and  burned.  The  ash  is  investigated  with  the  spectroscope  (§  14),  when  the  char- 
acteristic bands  of  sodium  or  potash  are  observed.  Magnesic  urate  and  calcic  urate  are  changed 
into  carbonate  by  burning.  To  separate  them,  dissolve  the  ash  in  dilute  hydrochloric  acid,  and 
filter.  The  filtrate  is  neutralised  with  ammonia,  and  again  redissolved  by  a  few  drops  of  acetic 
acid.  The  addition  of  ammonium  oxalate  precipitates  calcic  oxalate.  Filter,  and  add  to  the 
filtrate  sodic  phosphate  and  ammonia,  when  the  magnesia  is  precipitated  as  amnionio-magneaic 
phosphate. 

(b)  Calcic  oxalate  (especially  in  children,  either  as  small  smooth  pale  stones,  or  in  dark, 
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wartv  haid  "mulberry  calculi")  is  not  nlTected  by  acetic  acid,  is  dissolved  by  mineral  acids 
without  elVervosci'iice,  and  again  precipitated  by  ammonia.  Heated  on  nlatinurn  loil  it  chai-s 
and  blackens,  then  it  becomes  xyhito,  owing  to  the  formation  of  calcic  carbonate,  which 
elfervesces  on  the  addition  of  an  acid. 

M  Calcic  carbonate  (chielly  in  whitish-grey,  earthy,  chalk-like  ca  cull,  somewhat  rare) 
dissolves  with  cHervescenco  in  hydrochloric  acid.  When  burned  it  hrst  becomes  black,  owing 
to  admixture  with  mucus,  and  then  white.  j.     ^\  ■ 

(d)  Ammonio-magnesic  phosphate  and  basic  calcic  phosphate  usually  occur  together  in  soft, 
wl  te,  earthy  stones,  which  occasionally  are  very  large.  These  .stones  show  that  the  u"ne  has 
bee  aramoniacal  for  a  very  long  time.  The  first  substance  when  heated  gives  the  odour  of 
amiLnrXch  ismore  distinct  when  heated  with  caustic  potash;  is  soluble  in  acetic  acul 
~  eflbi-vescence,  and  is  again  precipitated  in  a  crystalline  form  ^^his  solution  on 
addition  of  ammonia.  When  heated  it  fuses  into  a  white  enamel-like  mass  [hence,  't  is  calkd 
''  f  s  b  e  calculus  "l.  Basic  calcic  phosphate  does  not  etiervesce  with  acids.  T he  solution  in 
hjShloric  ackl  is  precipitated  by  ammonia.    When  ammonium  oxalate  is  added  to  the  acetic 

^t)^NeSS'caSpShr^-e  in  calculi  while  it  fvecfuenM n  tl^m  ^^^^ 
Physically  and  chemically,  these  concretions  resemble  the  earthy  phosphates,  only  they  do  not 
contain  magnesia. 

273  THE  SECEETION  OF  URINE.— [The  functions  of  the  kidney  are— 

1.  To" excrete  waste  products,  chiefly  nitrogenous  bodies  and  salts; 

2.  To  excrete  water ;  ,  .  .„  ^  ,  ,  v,„.. 
3  And  perhaps  also  to  reabsorb  water  from  the  unniferous  tubules,  after  it  has 

washed  out  the  waste  products  from  the  renal  epithelium. 

The  chief  parts  of  the  organs  concerned  in  1,  are  the  epithehal  cells  of  the  con- 
voluted tubules  ;  the  glomeruli  permit  water  and  some  solids  to  pass  through  them, 
whSe  the  constriction^  of  the  tubules  may  prevent  the  too  rapid  outflow  of  water, 
and  thus  enable  part  of  it  to  be  reabsorbed.]  ,.  • 

Theories -The  two  chief  older  theories  regarding  the  secretion  of  urine  are  the 
followTng  -1  According  to  Bowman  (1842),  through  the  glomeruh  are  filtered 
o^rZ^cater  and  some  of  the  highly  diffusible  and  soluble  salts  present  in  the 
h Inofl  while  the  specific  urinary  constituents  are  secreted  by  the  activity  of  the 
Shelkim  of  the  Sary  tubulel,  and  are  extracted  or  removed  frona  the  epithelium 
bf  the  ^ter  flowing  along  the  tubules.  This  has  been  called  the  "  vital  theory. 
9^  TlX  g  (1 84f )  assumes  that  very  dilute  urine  is  secreted  or  filtered  through  the 
eiomeruC  As  it  passes  along  the  urinary  tubules  it  becomes  more  concentrated 
SZa  to  endotmosis.  It  gives  back  some  of  its  water  to  the  blood  and  lymph  of 
Xe  Idne'rurbecoming  more  concentrated,  and  assuming  its  normal  character. 
FThis  is  commonly  known  as  the  "  mechanical    theory.]  ,      -4.     i    •  „i 

tL  seciXn  of  urine  in  the  kidneys  does  not  depend  upon  definite  physical 
forces  oZ  A  great  number  of  facts  force  us  to  conclude  that  the  vital  activity 
of  certa^  secretory  cells  plays  a  foremost  part  in  the  process  of  secretion  {B. 
Heidenhain).  n  \  Tbp  water  and  (2)  the  urinary  eonstitu- 

''\tfZeT:^t  of  ^ine,  which  is  secreted  chiefly  .ithin  *e  Malpighian 

capsules  depends  pmimHly  upon  the  blood-prem,re  Ok  area  0/  *  j''?  "'''  f' 
3  Mlow? therefore,  the  k4s  of  filtration  (§  191,  ^^\(^r'r'',""^ J;f> -,21 

respect  the  secretion  of  urine  "Ji^f.-f  tlt?ruri^^^^^^^^^ 
or  bile    "We  may  state  it  more  accurately  thus,  that  the  anjount  ol  ^  ,. 

"v'ery  c'ioselv  upon'  the  diflerences  of  l-^>-^\^^Z^''^\^M^tZ^^ 
or,ri  +bo  nvp=!'<ure  within  the  renal  tubules,    it  tlie  uietei  oe  iit,ai.uicu. 
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cardiac  or  pulmonary  disease  the  venous  congestion  thereby  produced  may  bring 

about  the  same  result.] 

Glomerular  Epithelium.— The  amount  of  urine  secreted  does  not  depend  upon 
the  hydrostatic  pressure  alone,  but  it  seems  that  the  epithelial  cells  covering  the 
.rlomerulus  also  participate  actively  in  the  process  of  secretion.  Besides  the  water, 
a  certain  amount  of  the  salts  present  in  the  urine  is  excreted  through  the  glomeruli. 
The  senm-albumin  of  the  hood,  however,  is  2nrve7ited  from  2Mssing  throiigh.  With 
reo^ard  to  the  secretory  activity  of  these  cells,  the  quantity  of  water  must  also 
depend  upon  the  amount  of  the  urinary  constituents  and  water  present  in  the  blood 
(^R.  Heidenhain). 

Only  when  the  vitality  of  the  secretory  cells  is  intact,  is  there  independent  activity  of  these 
secretory  cells  (Heidenhain).  When  the  renal  artery  is  closed  temporarily,  their  activity  is 
paralysed  so  that  tlie  kidneys  cease  to  secrete,  and  even  after  the  compression  is  removed  and 
the  circulation  re-established,  secretion  does  not  take  place  for  some  time  {Ovcrbcck). 

That  the  secretion  depends  in  part  upon  the  blood-pressure  is  proved  by  the 
following  considerations  : — 

1.  Ina-ease  of  the  total  contents  of  the  vascidar  system,  so  as  to  increase  the  blood- 
pressure,  increases  the  amount  of  water  which  filters  through  the  glomeruli.  The 
injection  of  water  into  the  blood-vessels,  or  drinking  copious  draughts  of  water, 
acts  partly  in  this  way.  If  the  blood-pressure  rises  above  a  certain  height,  albumin 
may  pass  into  the  urine.  The  active  jxirticipation  of  the  cells  of  the  glomeruli  is 
rendered  probable  by  the  fact  that,  after  very  copious  drinking,  the  blood-pressure 
is  not  always  raised  (Paivlow)  ;  further,  after  copious  transfusion,  the  quantity  of 
urine  is  not  increased.  Conversely,  the  loss  of  water  owing  to  profuse  sweating  or 
diarrhoea,  copious  haemorrhage,  or  prolonged  thirst,  diminishes  the  secretion  of 
urine. 

2.  Diminution  of  the  capacity  of  the  vascular  system,  provided  the  pressure 
within  the  renal  area  be  thereby  increased,  acts  in  a  similar  manner.  This  may  be 
produced  by  contraction  of  the  cutaneous  vessels,  owing  to  the  action  of  cold, 
stimulation  of  the  vaso-motor  centre,  or  large  vaso-motor  nerves,  ligature,  or 
compression  of  large  arteries  (§  85,  e),  or  enveloping  the  extremities  in  tight 
bandages.  All  these  conditions  cause  an  increase  in  the  amount  of  urine,  and  of 
course  the  opposite  conditions  bring  about  a  diminution  of  urine,  e.g.,  the  action 
of  heat  on  the  skin  causing  redness  and  dilatation  of  the  cutaneous  vessels, 
weakening  of  the  vaso-motor  centre,  or  paralysis  of  a  large  number  of  vaso-motor 
nerves.  . 

3.  Increased  action  of  the  heart,  whereby  the  tension  and  rapidity  of  the  blood  in 
the  arteries  are  increased  (§  85,  c),  augments  the  amount  of  urine  ;  conversely, 
feeble  action  of  the  heart  (paralysis  of  motor  cardiac  nerves,  disease  of  the  cardiac 
musculature,  certain  valvular  lesions)  diminishes  the  amount.  Artificial  stimulation 
of  the  vagi  in  animals,  so  as  to  slow  the  action  of  the  heart,  and  thus  diminish  the 
mean  blood-pressure  from  130  to  100  mm.  Hg,  causes  a  diminution  in  the  amount 
of  urine  to  the  extent  of  one-fifth  (Goll,  CI.  Bernard);  when  the  pressure  in  the 
aorta  falls  to  40  mm.  the  secretion  of  urine  ceases.  [If  the  medulla  oblongata  be 
divided  (dog),  there  is  an  immediate  fall  of  the  general  blood-pressure,  and  although, 
as  a  general  rule,  the  secretion  of  urine  is  arrested  when  the  pressure  falls  to  40  to 
50  mm.  Hg,  yet  secretion  has  been  observed  to  take  place  with  a  lower  pressure 
than  this.] 

4.  The  amount  of  urine  secreted  rises  or  falls  according  to  the  degree  of  fulness  of 
the  renal  artery  {Ludtvig,  Max  Hermann)  ;  even  when  this  artery  is  moderately 
constricted  in  animals,  there  is  a  decided  diminution  in  the  amount  of  urine. 

Pathological. — In  fever  the  renal  vessels  are  less  full  and  there  is  consecutive  diminution  of 
urine  {Mendclson).  It  is  most  important,  in  connection  with  certain  renal  diseases,  to  note 
that  ligature  of  the  renal  artery,  even  when  it  is  obliterated  for  only  two  hours,  causes  necrosi.s 
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of  the  epithelium  of  the  ui  inifevous  tubules.  "When  the  arterial  ansemia  is  kept  up  for  a  long 
time,  the  wbolo  rcnnl  tissue  dies  {LiUcn).  After  long-continued  ligation  of  the  renal  artery, 
the  Jpithelium  of  the  glomeruli  becomes  greatly  changed  {Uibhcrt). 

5.  Most  diuretics  act  in  one  or  other  of  the  above  mentioned  ways. 
[Some  diuretics  net  by  increasing  the  general  blood-pressure  (digitalis  and  the  action  of  cold 
on  the  skin),  others  mav  increase  the  blood-pressure  locally  within  the  kidney,  and  this  they 
may  do  in  several  ways.  The  nitrites  are  saiil  to  paralyse  the  muscular  fibres  in  the  vasa 
aflerentia,  and  thus  raise  the  blood-pressure  within  the  glomeruli.  But  some  also  act  on  the 
secretory  cpilhelium,  such  as  iirea  and  cafl'cin.  IBrunton  recommends  the  combination  of 
diuretics  in  appropriate  cases,  and  the  diuretics  must  be  chosen  according  to  the  end  in  view— 
as  we  wish  to  remove  excess  of  fluids  from  the  tissues  and  serous  cavities,  or  as  we  wish  to  re- 
move injurious  waste  products,  or  merely  to  dilute  the  urine.] 

[6.  The  amount  of  urine  also  depends  upon  the  com20osition  of  the  Hood.  Drink- 
ing a  large  quantity  of  water,  whereby  the  blood  becomes  more  watery,  increases 
the  amount  of  urine,  but  this  is  true  only  within  certain  limits.  It  is  not  merely 
the  increase  of  volume  of  the  blood  acting  mechanically  which  causes  this  increase, 
as  we  know  that  large  quantities  of  fluid  may  be  transfused  without  the  general 
blood-pressure  being  materially  raised  thereby.]  ,    ,     v,    i  •  .i, 

[Heidenhain  argues,  that  it  is  not  so  much  the  pressure  of  the  blood  in  the 
glomeruli  as  its  velocity,  which  determines  the  process  of  the  secretion  of  water  m 
the  kidnej^  He  contends  that,  while  increase  of  the  pressure  in  the  renal  artery 
causes  an  increased  flow  of  urine,  ligature  of  the  renal  vein,  whereby  the  pressure 
in  the  glomeruli  is  also  increased,  arrests  the  secretion  altogether.  In  both  cases 
the  pressure  is  increased  within  the  glomeruli,  and  the  two  cases  difier  essentially 
in  the  velocity  of  the  blood-current  through  the  glomeruli.] 

Pressure  in  the  Vas  AfFerens.— The  pressure  in  each  vas  affereiis  must  be 
relatively  great,  because  (1)  the  double  set  of  capillaries  in  the  kidney  offers  con- 
siderable resistance,  and  (2)  the  lumen  of  the  vas  efferens  is  narrower  than  that  of 
the  vas  afferens.    Hence,  owing  to  the  high  blood-pressure  in  the  capillaries  of  the 
renal  glomeruli,  filtration  must  take  place  from  the  blood  into  the  Malpighian 
capsules     When  the  vasa  afferentia  are  dilated,  the  filtration-pressure  is  increased, 
while,  when  they  are  contracted,  the  secretion  is  lessened.  _  When  the  pressure 
becomes  so  diminished  as  to  retard  greatly  the  blood-stream  m  the  renal  vein,  the 
secretion  of  urine  begins  to  be  arrested.    Occlusion  of  the  renal  vein  completely 
suppresses  the  secretion  {H.  Meyer,  v.  FrericU).    Ludwig  concluded  from  tfiis 
observation,  that  the  filtration  or  excretion  of  fluid  could  not  take  place  through  the 
renal  capillaries  proper,  as,  owing  to  occlusion  of  the  renal  ^^j'^' ^^^^l^lood-pressure 
in  these  capillaries  must  rise,  which  ought  to  lead  to  mcreased  filtration     Such  an 
experiment  points  to  the  conclusion  that  the  filtration  must  take  place  through  the 
ccLlaries  of  the  glomeruli.    The  venous  stasis  distends  the  vas  efferens,  which 
springs  from  the  centre  of  the  glomerulus,  and  compresses  the  capilkry  oops  agai^^^^^ 
the  wall  of  the  Malpighian  capsule,  so  that  filtration  cannot  take  place  through 
them     It  is  not  decided  whether  any  fluid  is  given  off  through  the  convoluted 
urinary  tubules.  x-  n 

Venous  congestion  in  the  kidneys  diminishes  the  quantity  of  urine  and  the  urea.    The  JsaCl 
remains  constant,  but  pathological  albumin  is  increased  (f  ""/''L^'f  J^f^ijo  to  140  mm 
Pressure  in  Ureter. --As  the  blood-pressure  in  the  renal  artery  is  about  120  "^^^^ 

"'?B^  Secretory  Activity  of  the  Renal  Epithelium.-The  degree  of  concentra- 
tion of  the  urinl  depends^  upon  the  quantity  of  the  dissolved  constituents  which 
has  passed  from  the  blood  into  the  urine.  The  secretory  cells  of  the  convoluted 
Jubu le    bV  hdr  own  proper  vital  activity,  seem  to  be  able  to  take  up,  or  secrete, 
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some  at  least  of  these  substances  from  the  blood  (Boivman,  Jleidenham).  The 
watery  part  of  the  urine,  containing  only  easily  diffusible  salts,  as  it  flows  along  the 
tubules  from  the  glomeruli,  extracts  or  washes  out  these  substances  from  the 
secretory  epithelium  of  the  convoluted  tubules. 

Experiments.  1.  Sulphindigotate  of  soda  and  sodium  urate,  when  injected  into 

the  blood,  pass  into  the  urine,  and  are  found  within  the  protoplasm  of  the  cells  of 
the  convoluted  tubules  [only  in  those  parts  lined  by  "  rodded  "  epithelium],  but  not 
in  the  Malpighian  capsules  {Heidenhain).  A  little  later  these  substances  are  found 
in  the  Imncnoi  the  urinary  tubules,  from  which  they  are  washed  out  by  the  watery 
part  of  the  urine  coming  from  the  glomeruli.  If,  however,  two  days  before  the 
injection  of  these  substances  into  the  blood,  the  cortical  part  of  the  kidney  contain- 
ing the  Malpighian  capsules  be  cauterised,  [e.g.,  by  nitrate  of  silver],  or  sliced  off, 
the  blue  pigment  remains  within  the  convoluted  tubules.  It  cannot  be  carried  on- 
ward, as  the  water  which  should  carry  it  along  has  ceased  to  be  secreted,  owing  to 
the  destruction  of  the  glomeruli.  This  experiment  also  goes  to  show  that,  through 
the  glomendi  the  watery  part  of  the  urine  is  chiefly  excreted,  while  through  the  con- 
voluted tubules  the  sjjecific  iLrinary  constitiients  are  excreted.  Uric  acid  salts,  injected 
into  the  blood,  were  observed  by  Heidenhain  to  be  excreted  by  the  convoluted 
tubules.  Von  Wittich  had  previously  observed  that  in  birds,  crystals  of  uric  acid 
were  excreted  by  the  epithelium  of  the  convoluted  tubules.  [The  presence  of 
crystals  of  uric  acid  in  the  renal  epithelium  was  observed  by  Bowman,  and  used  as  an 
argument  to  support  his  theory.]  Nussbaum,  in  1878,  stated  that  ^crea  is  secreted 
by  the  urinary  tubules  and  not  by  the  glomeruli. 

The  same  is  true  for  the  hile-pigmonts,  for  the  iron  salts  of  the  vegetable  acids  when  injected 
subcutaneously,  and  for  hajmoglobin.  After  injection  of  viilk  into  the  blood- \ressels,  numerous 
fatty  granules  occur  within  the  epithelium  of  the  urinary  tubules  (§  102). 

[Nussbaum's  Experiments.— In  the  frog  and  newt,  the  kidney  is  supplied  with 
blood  in  a  manner  different  from  that  obtaining  in  mammals.  The  glomeruli  are 
supplied  by  branches  of  the  renal  artery.  The  tubules  are  supplied  by  the  renal- 
portal  vein.  The  vein  coming  from  the  posterior  extremities  divides  at  the  upper 
end  of  the  thigh  into  two  branches,  one  of  which  enters  the  kidney,  and  breaks  up 
to  form  a  capillary  plexus  which  surrounds  the  uriniferous  tubules,  but  this  plexus 
is  also  joined  by  the  efferent  vessels  of  the  glomeruli.  These  two  systems  are 
partly  independent  of  each  other.  After  ligaturing  the  renal  artery,  Nussbaum 
asserted  that  the  circulation  in  the  glomeruli  was  cut  off,  while  ligature  of  the  renal- 
portal  vein  excluded  the  functional  activity  of  the  tubules.  By  injecting  a  sub- 
stance into  the  blood,  after  ligaturing  either  the  artery  or  renal-portal  vein,  and 
observing  whether  it  occurs  in  the  urine,  he  infers  that  it  is  given  off  either  by  the 
glomeruli  or  the  tubules.  Siigar,  2^e23tones,  and  egg-albumin  rapidly  pass  through 
an  intact  kidney,  but  if  the  renal  artery  be  tied  they  are  not  excreted.  Ui-ea 
when  injected  into  the  circulation  is  excreted  after  the  artery  is  tied,  so  that  it  is 
excreted  through  the  tubules,  but  at  the  same  time  it  takes  with  it  a  considerable 
quantity  of  water.  Thus,  water  is  excreted  in  tivo  ways  from  the  kidney,  by  the 
glomeruli  and  also  from  the  venous  plexus  around  the  tubules  along  with  the  urea. 
Indigo-carmine  merely  passes  into  the  tubular  epithelium  of  the  convoluted  tubules, 
but  it  does  not  cause  a  secretion  of  urine.  Albumin  passes  through  the  glomeruli, 
but  only  after  their  membranes  have  been  altered  in  some  way,  as  by  clamping  the 
renal  artery  for  a  time.] 

[Adami's  Experiments  on  the  kidney  of  the  frog  tend  to  show  that  Nussbaum's  conclusions 
are  not  justified,  for  Adami  found  that  if  the  renal  arteries  in  the  frog  be  ligatnred,  within  a 
few  hours  a  collateral  circulation  is  established,  and  a  certain  amount  of  blood  flows  through 
the  kidney.  He  proved  this  by  injecting  into  the  blood,  carmine  or  painter's  vermilion,  in  a 
state  of  fine  suspension,  and  after  ligature  of  the  renal  arteries,  he  found  it  in  many  of  the 
glomeruli,  while  laky  blood  similarly  injected  revealed  its  presence  as  menisci  of  Hb  in  the. 
Malpighian  corpuscles.    Even  secretion  of  some  urine  may  go  on  after  ligature  of  the  renal 
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avtories.  It  is  evident,  tlien,  that  Nussbaum'b  method  is  not  a  reliable  one  for  locating  the 
parts  of  the  kidney  through  which  certain  sul)stances  are  excreted.  Adami's  experiments  also 
■rive  some  sniiport  to  Hcidenhnin's  view,  that  the  glomerular  epithelium  "possesses  powers  of  a 
selective  secretory  nature,"  for  he  finds  that  in  froj^s,  after  ligature  of  the  renal  arteries,  where, 
of  course  the  pressure  in  the  gloniernli  isju-st  nearly  that  in  the  veins,  and  m  the  dog  after 
section  of  the  spinal  cord,  so  that  the  blood-pressure  has  fallen  Ijelow  40  mm.  Hg,  whereby  the 
secretion  of  urine  is  arrested,  the  injection  of  laky  l>lood  causes  Hb  to  appear  in  the  capsules, 
althou'^h  there  is  no  simultaneous  excretion  of  water.]   ■  ^.-4. 

Excretion  of  Pigments.— Only  during  very  copiouB  excretion  does  the  capsule  participate. 
After  the  introduction  of  a  large  amount  of  sodic  sulphindigotate,  and  when  the  experiment 
has  lasted  for  a  long  time,  the  epithelium  of  the  capsule  becomes  blue.  In  albuminuria,  the 
abnormal  excretion  of  urine  takes  place  ftrst  in  the  urinary  tubules,  and  afterwards  m  the 
capsules,  Hb  is  partly  found  in  the  capsules.  According  to  Nussbaum,  egg-albumm  passes  out 
through  the  capsule. 

2.  Even  when  tlie  secretion  of  the  watery  ^xirt  of  the  urine  is  completely  arrested, 
either  by  ligature  of  the  ureter,  or  after  a  very  great  fall  of  the  blood-pressure  in 
the  renal  artery,  [as  after  section  of  the  cervical  spinal  cord],  the  before-mentioned 
substances,  when  injected  into  the  blood,  are  found  in  the  cells  of  the  convoluted 
tubules  The  injection  of  urea  under  these  circumstances  causes  renewed  secretion. 
These  facts  show  that,  independently  of  the  filtration  pressure,  the  secretory  activity 
of  these  cells  is  still  maintained. 

The  independent  vital  activity  of  the  secretory  cells  of  the  urinary  tubules  which  as  yet  we 
are  unable  to  explain  on  purely  physical  grounds,  renders  it  probable  that  the  tubules  are  not  to 
be  compared  to  in  apparatus  provided  with  physical  membranes.  This  is  proved  by  the  foUow- 
in<^  experiment  :-Abeles  caused  arterial  blood  to  circulate  through  freshly  excised  living 
kidnev  A  mle  urine-like  fluid  dropped  from  the  ureter.  On  adding  some  urea  or  sugar  to 
the  Wood,  the  secretion  became  more  concentrated.  Thus,  the  excised  living  kidney^^^^^^^^ 
excretes  substances  in  a  more  concentrated  form  than  those  supplied  to  it  in  the  diluted  blood 
SlTng  tl  10  gh  it.  J.  Munk  obtained  similar  results  in  excised  kidneys  with  common  salt 
Stipes  g?ape-su-ar,  glycerin,  with  increase  in  the  amount  of  urme  secreted^  The 
addition  of  c'atfein  or  theobromin  to  the  perfused  blood  increases  the  secretion,  exciting  the 

-ffiiJ^l^J^I^^SSSil^S^  wliy  the  sernm^ 

mss  into  the  urine  while  egg-albumin  and  dissolved  heemoglobm  readily  do  so.  Among  the 
LT/whic  oc  rinlhe  blood  and  blood-corpuscles,  of  course  only  those  in  solution  can  pass 
in  0  Ihe  rinc  Those  which  are  united  ^vith  proteid  bodies,  or  are  fixed  m  the  cellular 
elements  cannot  pass  out,  or  at  least  only  after  they  been  split  up  Thus,  we  may  explain  the 
dSenc;  between  the  salts  of  the  urine  and  those  of  the  blood.  Similarly,  the  urine  can  only 
rnn tain  the  absorbed  and  not  the  chemically-united  ceases.  ,         ^        p  4.i,„ 

Satureof  the  Ureter. -If  the  secretio.n  be  arrested  by  compression  or  by  l/g^tur«  °f^^^^ 
nvptPr  t-liP  Ivmuh-SDaces  of  the  kidney  become  filled  with  flmd,  which  may  pass  into  the  blood, 
so  St  Se  ^<^^^an  ^^L^^^^^^^^  cedematoik  owing  to  the  passage  of  fluid  into  f  Ivmph-spaces 
The  seciSion  Undergoes  a  change,  as  first  water  passes  ^ack  into        ^ood^^^^  ^odic 

f ^  -^ffir^tjSSfc  ^'^^'^t'i^Sf'^  of 

^^N^ols^SSRenal  Activity.-It  is  -markable  .that  both  kidneys  do  not  s^^^^^^^^^^^^ 
.ymmetrSuy-there  is  an  alternate  condition  of  hyper^emia  and  secretory  ^^tav^^^^  °PP°s^^^^ 

Kitoey.-I„  flisoussing  the  s.cetion  ol  ft.  kidney,  fe  m.st  .t^^ 

fSt  iSsorpti^  of  fluid  takes  place  within  the  kidney  was  P?»'t/f       "'f 'J^^tm^^^^ 

L  pract  cally  a  process  of  filtration  and  reabsorption.    H|ifner  pointed  ^ 

th^  kidneys' of  Various  classes  of  vertebrates  con-esponded  cl^^^^  .^^ 
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collected  the  dilute  urine  from  the  Malpighinu  corpuscles  before  it  passed  through  Henle's 
loops.  ] 

274  FORMATION  OF  THE  URINARY  CONSTITUENTS.— The  que,stiou 
lias  often  been  discussed,  whether  all  the  urinary  constituents  are  merely  excreted 
throuoh  the  kidneys,  i.e.,  that  they  exist  preformed  in  the  blood;  or  whether  some 
of  them  do  not  exist  preformed  in  the  blood,  but  are  formed  within  the  kidneys,  as 
a  result  of  the  activity  of  the  renal  epithelium.  ,    ,  ,    ^  . 

Urea  is  formed  Outside  the  Kidney.— Urea  exists  preformed  in  the  blood,  from 
which  it  is  separated  by  the  activity  of  the  kidney.  This  is  proved  by  the  follow- 
ing considerations : — 

1  The  blood  contains  one  part  of  urea  in  3000  to  5000  parts,  but  the  renal  vein  contains  less 
urea  than  the  blood  of  the  corresponding  artery.  x       ^  .^  1        ^  ^^ 

2  After  extirpation  of  the  kidneys,  or  nephrotomy,  or  after  ligature  of  the  renal  vessels,  the 
amount  of  urea  accumulates  in  the  blood,  and  increases  with  the  duration  of  the  expernnent  to 

1  to  '  At  the  same  time  there  is  vomiting  and  diarrhoea,  and  the  fluids  so  voided  con- 
taui  ureaTcZ.  Bernard).    Animals  die  in  from  one  to  three  days  after  the  operation. 

3  After  lio-ature  of  the  ureters,  the  secretion  of  urme  is  soon  arrested.  Urea  accumulates 
in  the  blood  %ut  not  to  a  greater  extent  than  after  nephrotomy.  It  is  possible,  however,  that 
the  kidneys,'  like  other  organs,  may  form  a  small  amount  of  urea,  due  to  the  metabohsm  of  their 
own  tissues. 

[Urea  exists  in  the  blood,  whence  does  the  blood  derive  it  1  It  can  only  obtain 
it  from  one  or  more  of  several  organs— (1)  muscle,  (2)  nervous  system,  and  (3) 
glands,  of  which  the  liver  is  the  most  prominent.  This  is  best  stated  by  the  method 
of  exclusion.] 

[1  That  urea  is  not  formed  in  muscle  is  shown,  among  other  considerations,  by  the  fact  that 
only  a  trace  of  urea  occurs  in  muscle  (§  293),  and  that  the  amount  is  not  increased  by  exercise. 
Blood  which  has  been  transfused  through  a  muscle,  or  the  blood  after  circulating  m  a  muscle 
durino-  violent  exercise,  does  not  contain  an  increase  of  urea,  nor  does  the  addition  of  ammonia 
carbonate  to  blood  circulating  through  muscle  show  any  increase  of  urea.  Again  muscular 
exertion  docs  not  (as  a  rule)  increase  the  amount  of  urea  in  the  urine,  as  shown  by  the  experi- 
ments of  Fick  and  Wislicenus  (§  294),  Parkes,  and  others.  The  excretion  chiefly  increased  by 
muscular  exertion  is  the  pulmonary  COo  (§  127).] 

[2.  From  what  we  know  of  the  nervous  system,  it  is  not  formed  there.  We  are  therefore 
forced  to  consider  the  evidence  as  to  the  liver,  as  the  organ,  or,  at  least,  the  chief  organ  in  which 
it  is  formed.  This  evidence  is  in  some  respects  contradictory,  but  it  is  partly  experimental 
and  partly  clinical.  Although  Hoppe-Seyler  denies  the  existence  of  urea  in  the  liver,  _  its 
existence  there  was  proved  by  Gscheidlen  ;  and  Cyon,  on  passing  blood  through  an  excised  liver 
by  the  "perfusion"  method  of  Ludwig,  found  that  blood,  after  being  passed  sevcral_  times 
through  the  organ,  contained  an  increased  amount  of  urea.  The  objection  to  these  experiments 
is  that  Cyon's  method  of  estimating  the  urea  was  unreliable.  But  von  Schroeder,  using  a  simi- 
lar method,  finds  that  if  blood  be  perfused  through  the  liver  of  a  dog  in  full  digestion,  there  is 
a  great  increase  in  the  amount  of  urea,  while  there  is  none  in  the  liver  of  a  fasting  dog.  If 
ammonia  carbonate  be  added  to  the  blood,  there  is  a  very  much  greater  amount  of  urea  in  the 
blood  of  the  hepatic  vein.  This  last  fact  is  confirmed  by  Salomon.  The  experiments  of 
Minkow.ski  on  the  liver  of  the  goose  (§  386)  show  that,  when  the  liver  is  excluded  from  the 
circulation,  lactic  acid  takes  the  place  of  uric  acid  in  this  bird.  Brouardel  further  states, 
that  if  the  region  of  the  liver  be  so  beaten  as  to  cause  congestion  of  that  organ,  there  is  an 
increase  of  the  urea  in  the  urine.] 

[The  clinical  evidence  points  strongly  to  the  formation  of  urea  in  the  liver.  Parkes  pointed 
out  that  in  hepatic  abscess,  during  the  early  congestive  stage,  the  urea  in  the  urine  is  increased, 
while  it  is  diminished  in  the  suppurative  stage,  when  the  hepatic  parenchyma  is  destroyed.  The 
urea  is  also  diminished  in  cancer  of  the  liver,  phthisis,  and  some  forms  of  hepatic  cirrhosis, 
while  it  is  increased  during  hepatic  congestion,  and  specially  so  in  some  cases  of  diabetes  melli- 
tus.  The  most  striking  fact  of  all  is  that,  in  acute  yeUow  atrophy  of  the  liver,  the  urea  is 
enormously  diminished  in  the  urine,  and  may  even  disappear  from  it  while  its  place  is  taken  by 
the  intermediate  products,  leucin  and  tyrosin  (u  Frcrichs).  In  poisoning  by  phosphorus,  coin- 
cident with  the  atrophy  of  the  liver,  there  is  a  fall  in  the  urea  excretion.  Noel-Paton  finds 
that  some  drugs  which  increase  the  quantity  of  bile  in  dogs  in  a  state  of  N-equilibrium  (§  178), 
e.g.,  sodic  salicylate  and  benzoate,  colchicum,  mercuric  chloride  and  euonymin  also  increase  the 
urea  in  the  urine,  he  therefore  concludes  "that  the  formation  of  urea  in  the  liver  bears  a  very 
direct  relationship  to  the  secretion  of  bile  by  that  organ."] 

As  to  the  antecedents  of  urea  there  is  the  greatest  doubt  (§  256). 


426 


FORMATION  OF  UBIC  ACID. 


Uric  Acid  is  foimed  Oiitside  the  Kidneys. — 1.  Birds'  blood  noimally  contains  uric  acid 
{Mcissncr).  [The  livor  of  the  ]ngcou  contains  6  to  14  times  as  much  uric  acid  as  the  blood.] 
Ligature  of  the  ureters  or  renal  blood-ve.s.sels  {Pawlinoff},  or  gradual  destruction  of  the  renal 
secretory  parenchyma  by  the  subcutaneous  injection  of  neutral  potassium  chromate  (^6s<«i»),  is 
followed  by  the  deposition  of  uric  acid  in  the  joints  and  tissues,  and  it  may  even  form  a  white 
incrustation  on  the  serous  membranes.  The  brain  remains  free  {Zalcsky,  Op'plcr).  Acid  urates 
of  ammonia,  soda,  and  magnesia  are  also  similarly  deposited.  E.xtirpation  of  a  snake's  kidneys 
gives  the  same  result,  but  to  a  less  degree. 

[Minkowski  found  that,  after  excluding  the  liver  from  the  circulation,  lactic  acid  took  the 
place  of  uric  acid  in  the  urine  (p.  425).  Some  uric  acid  still  appears  in  the  urine,  which  cannot 
be  derived  from  the  small  amount  in  the  blood,  so  that,  according  to  v.  Schroeder,  there  are 
perhaps  other  foci  of  formation  of  uric  acid.] 

[The  latter  experiment  points  to  tlie  formation  of  uric  acid  in  the  liver  in  birds, 
and  this  is  supposed  to  be  strengthened  by  the  appearance  of  the  deposition  of  urates 
in  the  urine  in  certain  disorders  of  digestion.]  Von  Schroeder  and  Colasanti,  how- 
ever, as  the  result  of  their  experiments  upon  snakes,  corne  to  the  conclusion  that 
there  is  no  special  organ  concerned  in  the  formation  of  uric  acid. 

Hippuric  acid  is  partly  formed  in  the  kidney,  for  the  blood  of  herbivora  does  not  contain  a 
trace  of  it  {Mcissncr  and  Shcpard).  In  rabbits,  perhaps  it  is  formed  synthetically,  in  other 
tissues  as  well  as  in  the  kidney.  If  blood  containing  sodic  benzoate  and  glycm  be  passed 
through  the  blood-vessels  of  afresh  kidney,  hippuric  acid  is  formed (§  260)  {Bunge,  Schmiedeberg, 
Kochs).    [The  other  evidence  is  given  in  §  260.]  ,  .  .i 

Kreatinin  has  intimate  relations  to  kreatin  of  muscle,  but  where  it  is  formed  is  not  known. 
If  phenol  and  pyrokatechin  are  digested  along  with  fresh  renal  siMance,  a  compound  of 
mlphuric  acid  similar  to  that  occurring  in  urine  is  formed  (§  262).  The  latter  substance 
however,  is  also  formed  by  similarly  digesting  liver,  pancreas,  and  musck.  It  is  concluded 
from  these  experiments  that  these  substances  are  formed  in  the  body  withm  the  kidneys  and 
the  other  organs  mentioned  {Kochs).  ^    -      ,       -d   •  i  „ 

Chemistry  of  the  Kidney.— The  kidneys  contain  a  very  large  amount  of  tvater.  Besides 
serum-albumin,  globulin,  albumin  soluble  in  sodium  carbonate  {Goitivalt),  gelatm-yielding 
substances,  fat  in  the  epithelium,  elastic  substance  derived  from  the  membrana  propria  of  the 
tubules,  the  kidneys  contain  leucin,  xanthin,  hypoxanthin,  kreatin,  taurin,  inosit,  cystm  (the 
last  in  no  other  tissue),  but  only  in  very  small  amount.  The  occurrence  of  these  substances 
points  to  a  lively  metabolism  in  the  kidneys,  which  is  also  proved  by  the  liberal  supply  oi  blood 
they  receive. 

Blood-Vessels.— The  kidneys  receive  a  very  large  supply  of  blood,  and  during 
secretion  the  blood  of  the  renal  vein  is  bright  red.  [In  the  dog,  the  diameter  of 
the  renal  artery  may  be  diminished  to  "5  mm.  without  the  amount  of  blood  flowing 
through  the  kidney  being  thereby  greatly  interfered  with.  Hence,  within  wide 
limits,  the  amount  of  blood  is  independent  of  the  size  of  the  arterial  lumen,  and  is 
therefore  dependent  on  the  blood-pressure  in  the  aorta,  and  the  resistance  to  the 
blood-current  within  and  beyond  the  kidney  {Heiclenhain).'\ 

The  reaction  of  the  kidneys  is  acid,  even  in  those  animals  whose  urine  is  alkaline.  Perhaps 
this  fact  is  connected  with  the  retention  of  the  albumin  in  the  vessels. 

975  PASSAGE  OF  VARIOUS  SUBSTANCES  INTO  THE  URINE. -1.  The  following 
substances  pass  unchanged  into  the  urine  :-Sulphate,  borate,  silicate,  nitrate,  and  carbonate 
of  the  alkalies  ;  alkaline  chlorides,  bromides,  iodides  ;  potassium  sulphocyanide  and  ferro- 
cyanide  ;  bile  salts,  urea,  kreatinin  ;  cumaric,  oxalic,  camphoric,  Py^'Og'^^i^' fl'^^lS^n?^^^^^ 
Many  alkcdoids,  e.g.,  morphia,  strychnia,  curara,  quinine  cafFein  ;  sulpl^^*?*"'. 
of  soda,  carmine,  madder,  logwood,  colouring  matter  of  cranberries,  cherries  rhubarb ;  santon m 
lastly,  salts  of  gold,  silver,  mercury,  antimony,  arsenic,  bismuth,  iron  (but  not  lead),  although 
the  greatest  part  of  these  is  excreted  by  the  bile  and  the  fteces.  ,    .  i,„^u:„«v, 

2  Inorcrauic  acids  reappear  in  man  and  carnivora  as  neutral  salts  of  ammonia,  m  herbivora, 

"3"^Sf  ^bstt^cf  Sh,  when  injected  in  small  amount,  seem  to  be  decoH^ed  in  t^^^^^ 
blood  pass  in  part  into  the  urine,  when  they  occur  m  such  I'lrge /-^mo""*  of  thP 

they  cannot  be  completely  decomposed-sugar,  hajmoglobin,  egg-albumm,  alkaline  salts  of  the 

'TlSn?1SsS\pper'ran  oxidised  form  in  the  urine-moderate  quantities  of 
oriniJ  aikaUne  sal  s  ^alkaline  carbonates  {Wohler),  uric  acid  in  part  as  al lantoin 
SLS  sulphfdes  and  sulphites  of  soda,  in  part  as  sodium  sulphate,  potassium  sulphide  as 
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5.  Those  bodies  which  are  completely  decomposed,  as  glycerin,  resins,  give  rise  to  no  special 

"^TrnZ^lSt^'oornbine  and  appear  as  conjugated  compounds  in  the  urine  «ff  the 
oric^in  of  t\e  hipp  lie  acid  by  conjngat/on  (§  2(i0),  the  conjugation  of  sulphonic  acjd  §  262  , 
a  id  the  formation  of  urea  by  synthesis  from  carbamic  acid  and  ammonia  {DrccJwel)  (§  256) 
AfL  the  usHf  crrnphor,  chloral,  or  butylchloral,  a  conjugated  compound  with  glycuronic  acid 
^an  acid  eailv  ?elat^^^  sugar)  appears  in  the  urine.  Taurin  and  sarcosin  unite  with 
iu^phaminic  ail.    When  broinophenol  is  given,  it  unites  with  mercapturic  acid,  a  body  nearly 

'''7!*  Tanniracid!^C,4Hlo09,  takes  up  H^O,  and  is  decomposed  into  two  molecules  of  gallic  acid 

^?*^rhe^odates  of  potash  and  soda  are  reduced  to  iodides  ;  malic  acid  (C^HoO,)  partly  to 
succinic  acid  (C^HeOJ  ;  indigo-blue  (C,,U,,l>i -Ad  takes  up  hydrogen  and  becomes  mdigo-white 

^^9.^si^substances  do  not  pass  into  the  urine  at  all,  e.g.,  oils,  insoluble  metallit  salts  and 
mG  t'xls 

276  INFLUENCE  OE  NERVES  AND  OTHER  CONDITIONS.— At  present 
we  are  'acquainted  merely  with  the  influence  of  the  vaso-motor  nerves  on  the 
filtration  of  the  urine  through  the  renal  vessels.  Hack  kidney  seems  to  be  supplied 
with  vaso-motor  nerves,  which  spring  from  both  halves  of  the  spinal  cord  (Mcolaides). 
As  a  creneral  rule,  dilatation  of  the  branches  of  the  renal  artery,  chiefly  the  vasa 
afferentia,  must  raise  the  pressure  within'  the  glomeruli,  and  thus  increase  the 
amount  of  water  filtered  through  them.  The  more  the  dilatation  is  confined  to  the 
area  of  the  renal  artery  alone,  the  greater  is  the  amount  of  the  urine.  [As  yet  we 
know  the  nervous  system  influences  the  secretion  of  urme  only  m  so  far  as  it  modi- 
fies the  pressure  and  velocity  of  the  blood-current  in  the  kidney.  We  have  no 
satisfactory  evidence  of  the  existence  of  direct  secretory  nerves  in  the  kidney.  J 

1.  Renal  Plexus  and  its  Centre.— Section  of  the  nerves  of  the  renal  plexus— 
the  nerves  around  the  renal  artery— generally  causes  a  considerable  increase  in  the 
secretion  of  urine,  hydruria  or  polyuria ;  sometimes,  on  account  of  the  great  rise 
of  the  pressure  within  the  glomeruli,  albumin  passes  into  the  urine,  and  there  may 
be  rupture  of  the  vessels  of  the  glomeruli,  leading  to  the  passage  of  blood  into  the 
urine.  The  nerve-centre  for  the  renal  nerves  lies  in  the  floor  of  the  fourth 
ventricle,  in  front  of  the  origin  of  the  vagus.  Injury  to  this  part  of  the  floor  of  the 
fourth  ventricle,  e.c/.,  by  puncture  (piqure),  may  increase  the  amount  of  urine 
(diabetes  insipidus),  which  is  sometimes  accompanied  by  the  simultaneous  appear- 
ance of  albumin  and  blood  in  the  urine  (CI.  Bernard).  Section  of  the  parts  which 
lie  directly  in  the  course  of  these  fibres,  as  they  pass  from  their  centre  to  the  kidney, 
produces  the  same  effects.  Close  to  this  centre  in  the  medulla,  lies  the  centre  for 
the  vaso-motor  nerves  of  the  liver,  whose  injury  causes  diabetes  mellitus  (§  175), 
Eckhard  found  that  stimulation  of  the  vermiform  process  of  the  cerebellum  produced 
hydruria.  In  man,  stimulation  of  these  parts  by  tumours  or  inflammation,  &c., 
produces  similar  results. 

2.  Paralysis  of  Limited  Vascular  Areas. — If,  simultaneously  with  the  paralysis 
of  the  nerves  of  the  renal  artery,  the  nerves  of  a  neighbouring  large  vascular  area 
be  paralysed,  necessarily  the  blood-pressure  in  the  renal  artery  area  will  not  be  so 
high,  as  more  blood  flows  into  the  other  paralysed  province.  Under  these  circum- 
stances, there  may  be  only  a  temporary,  or,  indeed,  no  increase  of  urine,  provided 
the  paralysed  area  be  sufficiently  large.  There  is  a  moderate  increase  of  urine  for 
several  hours  after  section  of  the  splanchnic  nerve.  This  nerve  contains  the  renal 
vaso-motor  nerves  (which,  in  part,  at  least,  leave  the  spinal  cord  at  the  first  dorsal 
nerve  and  pass  into  the  sympathetic  nerve),  but  it  also  contains  the  vaso-motor 
nerves  for  the  large  area  of  the  intestinal  and  abdominal  viscera.  Stimulation  of 
this  nerve  has  the  opposite  effect  {€L  Bernard,  Echhard).  [The  polyuria  thus 
produced  is  not  so  great  as  after  section  of  the  renal  nerves,  because  the  splanchnic 
supplies  such  a  large  vascular  area,  that  much  blood  accumulates  in  that  area,  and 
also  because  all  the  renal  nerves  do  not  run  in  the  splanchnics.] 
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3.  Paralysis  of  Large  Areas. — If,  simultaneously  with  paralysis  of  the  renal 
nerves,  the  great  majority  of  the  vaso-motor  nerves  of  the  body  be  paralysed  [as  by 
section  of  the  medulla  oblongata],  then,  owing  to  the  great  dilatation  of  all  these 
vessels,  the  blood-pressure  falls  at  once  throughout  the  arterial  system.  The  result 
of  this  may  be,  provided  the  pressure  is  sufficiently  low,  that  there  is  a  great  decrease, 
or,  it  may  be,  entire  cessation  of  the  secretion  of  urine.  The  secretion  is  arrested  when 
the  cervical  cord  is  completely  divided,  down  even  as  far  as  the  seventh  cervical 
vertebra  {Eckhard).  The  polyuria  caused  by  injury  to  the  floor  of  the  fourth 
ventricle  at  once  disappears  when  the  spinal  cord  (even  down  to  the  twelfth  dorsal 
nerve)  is  divided. 

[4.  Other  Conditions.— As  already  stated,  section  of  the  renal  nerves  is  followed 
by  polyuria,  owing  to  the  increased  pressure  in  the  glomeruli,  but  this  polyuria 
may  be  increased  by  stimulating  the  spinal  cord  below  the  medulla  oblongata, 
because  the  contraction  of  the  blood-vessels  throughout  the  body  still  further  raises 
the  blood-pressure  within  the  glomeruli.  If,  however,  the  spinal  cord  be  divided 
below  the  medulla  oblongata— the  renal  nerve  being  also  divided— the  polyuria 
ceases,  because  of  the  fall  of  the  general  blood-pressure  thereby  produced. 
Division  of  the  spinal  cord  in  the  dorsal  region  also  diminishes  or  arrests  the  secretion 
of  urine,  owing  to  the  fall  of  the  blood-pressure ;  but  animals  recover  from  this 
operation,  the  general  blood-pressure  rises,  and  with  it  the  secretion  of  urme. 
Stimulation  of  the  cord  below  the  medulla  arrests  the  secretion,  as  it  causes  con- 
traction of  the  renal  arteries  along  with  the  other  arteries  of  the  body.] 

[Volume  of  the  Kidney— Oncometer.— By  means  of  the  plethysmograph  (§  lUl) 
we  can  measure  the  variations  in  the  size  of  a  limb,  while  by  the  oncograph  (^kos, 
volume)  similar  variations  in  the  volume  of  the  spleen  are  measured  (§  103).  Roy 
and  Cohnheim  have  measured  the  variations  in  the  volume  of  the  kidney  by  means 
of  an  instrument  which  consists  of  two  parts,  one  termed  the  oncometer  or  renal 
plethysmometer,  in  which  the  organ  is  enclosed,  while  the  other  part  is  the 
registering  portion  or  oncograph.  The  kidney  is  enclosed  m  a  kidney-shaped 
metallic  capsule  (fig.  286),  composed  of  two  halves  which  move  on  the  hinge,  li,  to 


Fio-  286  Fig-  287. 

Fie  286.-Oncometer.    K,  kidiiey  ;  the  thick  line  is  the  metallic  faP^^^^^.j/'' jj^.Tfis/^^Sit'' 
^  for  filling  apparatus  ;  T,  tube  to  connect  with     ;  a  v,  u,  artery,  ^^  'H^X^AvT  S 
aficVSi).    Fig.  287. -Oncograph.   C,  chamber  filled  with  oil,  communicating  bj  li\ntn 
T  ■  J)  piston  ;  %  writing-lever  {Stirling,  after  lloy). 
introduce  the  organ.    The  renal  vessels  pass  out  at  a,  v    Jhe  Hdn^^^^^^^^^ 
with  a  thin  membrane,  and  between  this  membrane         the  inner  .urface  ot  t 
capsule  is  a  space  filled  with  warm  ojj  th-ugh   he  tub^.J|^;^tan  be  ^de  t'o 
means  of  a  stop-cock  after  the  space  is  filled  with  oil.    The  tube,  i,  can  ue 
Communicate  Jvith' another  tube,  T„  leading  into  a  metaUic  chamber,  C,  of  the 
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oncograph  (fig.  287),  wliicli  is  provided  with  a  movable  piston,  p,  attached  by  a 
thread  to  the  writing-lever,  I.  Any  increase  in  the  size  of  the  organ  expels  oil 
from  the  chamber,  0,  into  C',  and  thus  the  piston  is  raised,  while  a  diminution  in 
the  size  of  the  kidney  diminishes  the  fluid  in  C,  and  the  lever  falls.  The  actual 
volume  of  the  living  kidney  depends  upon  the  state  of  distension  of  its  structural 
elements,  upon  the  amount  of  lym[)h  in  its  lymph-spaces,  but  chiefly  upon  the 
amount  of  blood  in  Its  blood-vessels,  and  this  again  must  depend  upon  the  condi- 
tion of  the  non-striped  muscles  in  the  renal  arteries.  When  the  vessels  dilate,  the 
kidney  increases  in  size,  and  when  they  contract  it  contracts,  so  that  we  can 
register  on  the  same  revolving  cylinder  the  variations  of  the  volume  at  the  same 
time  that  we  record  the  general  arterial  blood-pressure.]  ■ 

[In  the  normal  circulation  through  the  kiclney,  the  kidney  curve,  i.e.,  the  curve 
of  the  volume  of  the  kidney,  runs  parallel  with  the  blood-pressure  curve,  and  shows 
the  large  respiratory  undulations,  as  well  as  the  smaller  elevations  due  to  the  systole 
of  the  heart  (fig.  288).  Usually,  when  the  blood-pressure  falls,  the  kidney  curve 
sinks,  and  when  the  blood-pressure  rises  the  volume  of  the  kidney  increases. 
When  the  blood-pressure  curve  is  complicated  by  Traube-Hering  waves  (§  85)  the 
op2)osite  effect  is  produced  on  the  kidney  curve ;  the  highest  blood-jiressure  corre- 
sponds to  the  smallest  size  of  the  kidney,  and  conversely.  This  is  due  to  the  fact 
that,  when  these  curves  occur,  all  the  small  arterioles,  including  those  in  the  kidney, 
are  contracted.  A  kidney  placed  in  an  oncometer  secretes  urine  like  a  kidney 
under  natural  conditions.] 


^  HIN 


Fig.  288. 

B.P.,  Blood-pressure  curve  ;  K.,  curve  of  the  volume  of  the  kidney  ;  T,  time  curve,  intei'vals 
indicate  a  quarter  of  a  minute  ;  A,  abscissa  {Stirling,  after  Roy). 

[Arrest  of  the  respiration  in  a  curarised  animal  produces  a  rapid  and  great 
diminution  of  the  volume  of  the  kidney,  caused  by  the  venous  blood  stimulating  the 
vaso-motor  centres,  and  thus  contracting  the  small  arterioles,  including  those  of  the 
kidney.  This  result  occurs  whether  one  or  "both  splanchnics  are  divided,  proving 
that  all  the  vaso-motor  nerves  of  the  kidney  do  not  reach  it  through  the  splanch- 
nics. When  all  the  renal  nerves  at  the  hilum  are  divided,  arrest  of  the  respiration 
causes  dilatation  of  the  organ,  which  condition  runs  parallel  with  the  rise  of  the 
blood-pressure.  Stimulation  of  a  sensory  nerve,  e.g.,  the  central  end  of  the  sciatic 
nerve,  while  causing  an  increase  qf  the  blood-pressure,  makes  the  kidney  shrink.] 

[In  poisoning  with  strychnin,  the  kidney  shrinks  while  the  blood-pressure  rises. 
tStimulation  of  the  central  or  peripheral  end  of  the  splanchnics,  divided  at  the 
diaphragm,  causes  contraction  of  the  renal  vessels  of  both  sides ;  the  former  is  a  re- 
flex, the  latter  a  direct  effect.  Stimulation  of  the  peripheral  end  of  one  splanchnic 
sometimes  affects  both  kidneys.  Stimulation  of  the  peripheral  end  of  the  renal 
nerves  always  causes  a  diminution  in  the  volume  of  the  kidney,  so  that  Cohnheim 
and  Eoy  inferred  that,  although  there  was  evidence  of  the  existence  of  vaso-motor 
and  sensory  nerves  to  the  kidney,  they  found  none  of  vaso-dilators.  Each  kidney 
acts  independently  of  the  other.  Sudden  compression  of  one  rental  artery  has  not 
the  slightest  effect  upon  the  blood-current  of  the  other  kidney.    If  a  kidney  be 
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exposed  ia  an  animal,  by  making  an  incision  in  tlie  lumbar  region  on  stimulatmg 
the  medulla  oblongata  directly  with  electricity,  we  may  observe  the  kidney  itsell 
becoming  paler,  the  palor  appearing  in  a  great  many  small  spots  on  the  surtace  ot 
the  organ,  corresponding  to  the  distribution  of  the  interlobular  artenes.J 

rCohnheim  showed  that  the  composition  of  the  blood  has  a  remarkable  efiect 
on  the  renal  circulation.  Some  substances  (water  and  urea),  when  injected  into 
the  blood,  cause  the  kidney  first  to  shrink  and  then  to  expand,  while  sodic  acetate 
dilates  the  kidney,  even  after  all  the  renal  nerves  are  divided-an  operation  which 
is  very  difficult  indeed.  Provided  all  the  renal  nerves  be  divided,  these  ettects 
would  indicate  the  existence  of  some  local  intra-renal  vaso-motor  mechanism  govern- 
ina  the  renal  blood-vessels.  The  general  blood-pressure  is  not  thereby  modihed ; 
nor  need  we  wonder  at  this,  as  ligature  of  oue  renal  artery  does  not  increase  the 

^''TThrreciFoctriSalion  between  the  skin  and  the  kidneys  is  known  to  every 
one  On  a  cold  day,  when  the  skin  is  pallid,  owing  to  contraction  of  the  cutaneous 
vessels,  the  amount  of  urine  secreted  is  great,  and  conversely,  m  summer  less  urine 
is  passed  than  in  winter.    Washing  the  skin  of  a  dog  for  two  minutes  with  ice-cold 

^''^:'^S:s^^^^^^  ki^ey  is  materially  in 

JncedTy  r^ubin^^^^  mixed  ^ith  the  blood  perfused.  J^^-ff -W-t 
be  due  to  the  action  of  these  chemical  ^^g^^dients  upon  the  nuclei  of  t^h^^^^^^^^ 
thelial  lining  of  the  blood-vessels,  especially  the  capillaries,  or  the  effects  upon  the 
muscular  fibres  of  the  blood-vessels.  _ » 

S:^Kortb  U.I^"pl2S^e'b?s^^^     M  .he  amo„.t.furine  sected         much  .bov. 

^^1:^:^X1^'^^^  t,raLrcipS.ni  t/h. ....  ^  .he 

nerve  for  the  salivary  glands  (§  145). 

277.  UE^MIA-AMMON™A.-SyniptomB  Jf^j^-f ^^^^^^^^ 
nephrotomy,  or  ligature  of  the  m-eter  ;  in  f^^,^^^^^^^^^^  a  series  of 

of  the  kidney,  leading  to  the  f^^P^™  °i  ^  °°The^  called  urcemic  intoxi- 

characteristic  symptoms  which  are  f-^llo^^J^^g  ,'^Xnoine^^^  and  deep  coma,  and 

cation  or  urmvvia.    There  are  ^^^^^^^f  ^''J^^^J  jJ'^Xre  is^^^^^^^^^^^^ 

occasionally  local  or  ^ore  gen-al  ilTZylf  ^o^^^^^^       diarrLa.  while  in  the 

Zr^S^^^^^^'f^^  of  those  suh- 

jrsh»^ 

tained  which  of  these  substances  causes       Phenomena  ^^^.^  ^^^^^  ^^^^^ 

1.  The  first  thought  is  to  ascribe  them  to  the   etention  oM:he  ^^^^^^^^^  ^^ea  and 

dogs  exhibited  ureemic  symptoms  if  they  ^^e^,^';^ ^^ab    ?he  unemic  symptoms  were 

little  water.  Meissner  found  that  in  ^°£°*°X  iiTecron  of  a  moderate  amount  of  urea 
hastenedbytheinjectionof  ipa  into  he  Wood.    The ^^^^^^^ 

i^r^Sifa^^^ 

^^ffiSeSS^i^f  ammonium  carbonate  FoJ^^r  thT  bl^SS  a— 
so  that  V.  Frerichs  thought  that  the  urea  was  f'^^'^^ff'^^^^^^^^^^        nephrotomy,  if  at 

"mptoms  in  <log»      injecting  salts  of  ammon.a. 
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3.  As  ligatui-Q  of  tbo  ureters  produces  a  comatose  condition  in  those  animals  which  excrete 
chieily  uric  acid  in  the  urine— birds  and  snakes  [Zalcsky)— it  is  possible  that  other  sub- 
stances may  produce  the  poisonous  symptoms.  The  injection  of  kreatinin  causes  feebleness 
and  contraction  of  the  muscles  in  dogs  {Meisancr).  Bernard,  Traube,  and  more  recently  Feltz 
and  Ritter  ascribe  the  symptoms  to  an  accumulation  of  the  neutral  potassium  salts  in  the  blood 
(§  54).  The  injection  of  kreatin,  succinic  acid  (Mcissner),  ui'ic  acid,  and  sodic  urate  {llankc),  is 
without  effect.  Schottin  and  Oppler  ascribe  the  results  to  an  accumulation  of  normal  or 
abnormal  extractives.  It  is  possible  that  several  substances  and  their  decomposition-products 
contribute  to  produce  the  result,  so  that  there  is  a  combined  action  of  several  factors,  but 
perhaps  the  retention  of  the  potash  salts  plays  the  most  important  iiart. 

The  direct  application  of  some  urinary  substances  (kreatinin,  kreatin,  acid  potassic  phosphate, 
urates)  to  the  surface  of  the  cerebrum  causes  all  the  symptoms  of  uroemia.  Urea  is  inactive, 
and  slightly  active  are  ammonium  and  sodic  carbonate,  leucin,  NaCl,  KCl  [Landois). 

[Alkaloids  in  Urine. — Human  urine,  and  especially  febrile  urine,  when  injected  under  the 
skin  of  frogs  or  rabbits,  acts  as  a  poison,  and  even  causes  death,  by  arresting  the  respiration. 
The  alkaloids  seem  to  be  formed  by  the  action  of  vegetable  organisms  in  the  intestine,  whence  they 
are  absorbed  into  the  blood  and  pass  into  the  urine  (§  116).  Urine  rendered  colourless  by  char- 
coal loses  half  its  toxic  power,  and  the  poisonous  substance  is  not  volatile,  and  even  resists  boiling. 
These  alkaloids  are  increased  in  the  urine  in  typhoid  fever,  pneumonia,  but  not  in  diabetes.] 

Ammonisemia. — When  urine  undergoes  the  alkaline  fermentation  within  the  bladder,  and 
ammonium  carbonate  is  formed,  the  ammonia  may  be  absorbed  and  produce  this  condition. 
The  breath  and  excretions  smell  strongly  of  ammonia  ;  the  mouth,  pharynx,  and  skin  are  very 
dry ;  there  is  vomiting,  with  diarrhcea  or  constipation,  while  ulcers  may  form  in  the  intestine. 
The  patient  rapidly  loses  flesh,  and  death  occurs  without  any  disturbance  of  the  mental 
faculties. 

Uric  Acid  Diathesis. — When  too  much  nitrogenous  food,  too  much  of  any  alcoholic  fluid  is 
persistently  used,  and  little  muscular  exercise  taken,  especially  if  the  respiratory  organs  are  in- 
terfered with,  uric  acid  may  not  unfrequently  accumulate  in  the  blood  {Garrocl).  It  may  be 
deposited  in  the  joints  and  their  ligaments,  especially  in  the  foot  and  hand,  giving  rise  to  pain- 
ful inflammation,  and  forming  goUt-stones  or  chalk-stones.  The  heart,  liver,  and  kidneys  are 
rarely  affected.    The  tissues  near  these  deposits  undergo  necrosis. 

278.  STRUCTUB,E  AND  FUNCTIONS  OF  THE  UEETEE.— Mucous  Membrane.— The 

pelvis  of  the  kidney  and  the  ureter  are  lined  by  a  mumis  membrane,  consisting  of  connective- 
tissue,  and  covered  with  several  _  ^   

layers  of  stratified  "  transitional "   Adventitia. 

epithelium  (fig.  290).  The  cells 
are  of  various  shapes,  those  of  the 
lowest  layer  being  usually  more  or 
less  spherical  and  small,  while 
many  of  the  cells  in  the  upper 
layers  are  in-egular  in  shape,  often 
with  long  processes  passing  into 
the  deeper  layers. 

Sub-mucosa. — Under  the  epi- 
thelium there  is  a  layer  of  adenoid 
tissue  (Hamburger,  Ohiar-i),  which 
may  contain  small  lymph -follicles 
[embedded  in  loose  connective- 
tissue].  In  the  pelvis  of  the  kidney 
and  ureter  there  are  a  few  small 
mucous  glands  lined  by  a  single 
layer  of  columnar  epithelium 
{Unrich,  Ecjli). 

The  muscular  coat  consists  of  an 
inner  somewhat  stronger  layer  of 
longitudinal  non-striped  fibres,  and 
an  outer  circular  layer  (fig.  289). 
In  the  lo\yest  third  of  the  ureter  Transverse  section  of  the  lower  part  of  human  ureter,  x  15. 
there  are  in  additmn  a  number  of    e,  epithelium  ;  t,  tunica  propria  :  s,  sub-mucosa  :  I  and  r, 
scattered  muscular   fibres.      All     longitudinal  and  circular  fibres, 
these  layers  are  surrounded  and 

supported  by  connective-tissue.  The  outer  layers  of  the  connective-tissue  form  an  outer  coat  or 
aaventitia  which  contains  the  large  vessels  and  nerves.  The  various  coats  of  the  ureter  can 
be  lollowed  up  to  the  pelvis  of  the  kidney,  and  to  its  oalices.  The  papilh-e  are  covered  only  by 
the  mucous  membrane  while  the  muscular  layer  ceases  at  the  apex  of  the  pyramids,  where 
they  are  disposed  circularly,  to  form  a  kind  oi  sphincter  muscle  for  each  papilla  (ifcn^c). 
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The  blood-vessels  supply  the  various  coats,  and  form  a  capillary  T)lexa8  under  the  epithelium 
The  nerves  arc  not  viry  numerous,  but  they  contain  nieJuUated  (tew)  and  non-niedu  latc-d 
ftbrcr'vUh  numerous  ganglia  scattered  in  thei.^  course.    They  are  partly  wiotor  and  supply  the 
mi  scuhr  lave  s  and  smne  pass  towards  the  epithelium,  and  are  memory  aiid  cxcito-rnjlco:  m  innc- 
tion     The  ri  eWc  aree.vi^  a  calculus  passes  along  the  ureteis  and  thus  give  rise  to 

S^epain    ™  the  wall  of  the  bladder  ohlUjuely.    The  inner  opening  is  a 

Tirow  sli^n  the  mucous  membrane,  directed  downwards  and  inwards,  and  provided  with  a 
pointed  valve-like  process  (tig.  291). 

Movement  of  the  Urine.— The  urine  is  propelled  along  the  ureter  thus 
The  secretion,  which  is  continually  being  formed  under  a  high  pressure  in  the 

kidney,  propels  the  urine  onwards  in  front  ot 
it,  as  the  urine  is  under  a  low  pressure  in  the 
ureter.    (2)  Gravity  aids  the  passage  of  the 
urine  when  the  person  is  in  the  erect  posture. 
(3)  The  muscles  of  the  ureter  contract  rhythmi- 
cally and  peristaltically,  and  so  propel  it  towards 
the  bladder.    This  movement  is  reflex,  and  is 
due  to  the  presence  of  the  urine  in  the  ureter. 
Every  three-quarters  of  a  minute  several  drops 
,     .,,1^1     of  urine  pass  into  the  bladder.    But  the  fibres 
Transitional  epithelium  from  the  bladdei.         „igo  he  excited  directly.    The  contraction 
Manv  of  the  large  cells  lie  upon  the  may  aiso  ue  exciucu  J  „ 

sSit  of  the  columnar  and  caudate  passes  along  the  tube  at  the  rate  of  20  to  30 
cells,  and  depressions  are  seen  on  their  per  second,  always  from  above  downwaras. 
under  surface.  The  greater  the  tension  of  the  ureter  due  to 

the  urine  the  more  rapid  is  the  peristaltic  movement. 

both  uinvaris  aod  downwarfs.    Engdmaim  otarvod  that  the  „,„es  nor 

crauc'lia  were  to  be  found,  and 
be  concluded  that  the  move- 
ment was  propagated  by  "muB- 


cular  conduction."  If  this  be 
so,  then  an  impulse  may  be  pro- 
liacrated  from  one  uon-striped 
muscular  cell  to  anotherwithout 
the  intervention  of  nerves  (see 
Heart,  §  58,  I.,  3). 

Prevention  of  Reflux. 

 The  urine  is  prevented 

from  exerting  a  backward 
pressure  towards  the  kid- 
neys :— (1)  The  urine  which 
collects  in  the  pelvis  of  the 
kidney  is   under   a  bigh 
pressure,  and   thus  tends 
uniformly  to  compress  the 
pyramids,  so  that  the  urine 
.  cannot  pass  into  the  minute 
the  urinary  tub- 
When  there  is  a 

'  S      Jf         ?i?„ts  of'  h\t"cS"i  »a  eTnrideUle  accumulation 
X  boa  ..l  '™7,m^^^^  of  urine  in  a  ureter, 

from  the  presence  of  an  impacted  calculus  or  other  cause  the-^^^^^^^^^ 
peristalsis,  and,  at  the  same  time;      c''^cuto  ^^^^Jj^^^^^^^  Zm.  through  the 
pyramids  compress  the  pyramids  and  1  *;^'^»^^  Sck  from  the  bladder 
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passes  through  it,  are  compressed,  so  that  tlie  edges  of  the  slit-like  opening  of  the 
ureter  are  rendered  more  tense,  and  are  thus  approximated  towards  each  other 
(fig.  291). 

279  UEINAEY  BLADDER  AND  UKETHRA.— Structure.— The  mucous  membrane  of  the 

bkdderVesombles  that  of  the  ureter;  the  upper  layers  of  the  stratified  transitional  epithelium 
are  flattened  It  is  obvious  that  the  form  of  the  cells  must  vary  with  the  state  of  distention  or 
contraction  of  the  bladder.  [The  mucous  membrane  and  muscular  coats  are  thicker  than  in 
the  ureter.    There  are  mucous  glands  in  the  mucous  membrane,  especially  near  the  neck  ol  tne 

Sub-mucous  Coat. — There  is  a  layer  of  delicate  fibrillar  connective-tissue  mixed  wjth  elastic 
fibres  between  the  mucous  and  muscular  layers. 

[The  serous  coat  is  continuous  with,  and  has  the  same  structure  as  the  peritoneum,  and  it 
covers  only  the  posterior  and  upper  half  of  tbe  organ.] 

Musculature.— The  non-striped  muscular  fibres  are  arranged  in  bundles  in  several  layers,  an 
external  longitudinal  layer,  best  developed  on  the  anterior  and  posterior  surfaces,  and  an  inner 
circular  layer.  [Between  these  two  is  an  ohliqua  layer.]  There  are  other  bundles  ot  muscular 
fibres  arranged  in  diflerent  directions.  Physiologically,  the  musculature  of  the  bladder  represents 
a  single  or  common  hollow  muscle,  whose  function  when  it  contracts  is  to  diminish  uniformly 
the  size  of  the  bladder,  and  thus  to  expel  its  contents  (§  306).  ,         ,  , 

The  blood-vessels  resemble  those  of  the  ureter.  The  nerves  form  a  plexus,  and  are  placed 
partly  in  the  mucous  membrane  and  partly  in  the  muscular  coat,  and,  like  all  the  extra-renal 
parts  of  the  urinary  apparatus,  are  provided  with  ganglia,  lying  in  the  mucosa,  sub-mucosa, 
and  connected  to  each  other  by  fibres  [Mater).  Ganglia  occur  in  the  course  of  the  motor  nerve- 
fibres  in  the  bladder  (  W.  Wolff).  Their  functions  are  motor,  sensory,  excito-motor,  and  vaso- 
motor.   [Sympathetic  nerve-ganglia  also  exist  underneath  the  serous  coat  [F.  Darwm).] 

A  too  minute  dissection  of  the  several  layers  and  bundles  of  the  musculature  ot  the  bladder 
has  given  rise  to  erroneous  inferences.  Thus,  we  speak  of  a  detrusor  m-msB,  which,  however, 
consists  chiefly  of  fibres  running  on  the  anterior  and  posterior  surfaces,  from  the  vertex  to  the 
fundus.  There  does  not  seem  to  be  a  special  sphincter  vesicae  intemus ;  it  is  merely  a  thicker 
circular  (6  to  12  mm.)  laver  of  non-striped  muscle  which  surrounds  the  beginning  of  the 
urethra,  and  which,  from  its  shape,  helps  to  form  the  funnel-like  exit  of  the  bladder.  Numerous 
muscular  bundles,  connected  partly  with  the  longitudinal  and  partly  with  the  circular  fibres  of 
the  bladder,  exist,  especially  in  the  trigone,  between  the  orifice  of  the  ureters. 

In  the  female,  the  urethra  serves  merely  for  the  passage  of  urine.  The  mucous  membrane 
consists  of  connective-tissue  with  many  elastic  fibres,  and  provided  with  papilla3.  It  is  covered 
by  stratified  epithelium  and  contains  several  mucous  glands  {Littrii).  Outside  this  is  a  layer 
of  longitudinal,  smooth,  muscular  fibres,  and  outside  this  again  a  layer  of  circular  fibres.  Many 
elastic  fibres  exist  in  all  the  layers,  which  are  traversed  by  numerous  wide  venous  channels. 

The  proper  spMncter  urethrse  is  a  transversely  striped  muscle  subject  to  the  will, 
and  consists  of  completely  circular  fibres  which  extend  downwards  as  far  as  the 
middle  of  the  urethra,  and  partly  of  longitudinal  fibres,  which  extend  only  on  the 
posterior  surface  towards  the  base  of  the  bladder,  where  they  become  lost  between 
the  fibres  of  the  circular  layer. 

In  the  male  urethra,  the  epithelium  of  the  prostatic  part  is  the  same  as  that  in  the  bladder  ; 
in  the  membranous  portion  it  is  stratified,  and  in  the  cavernous  part  the  simple  cylindrical  form. 
The  mucous  membrane,  under  the  epithelium  itself,  is  beset  with  pa'pillce,  chiefly  in  the 
posterior  part  of  the  urethra,  and  contains  the  mucous  glands  of  Littre. 

Non-striped  muscle  occurs  in  the  prostatic  part  arranged  longitudinally,  chiefly  at  the 
coUiculus  seminalis  ;  in  the  membranous  portion  the  direction  of  the  fibres  is  chiefly  circular, 
with  a  few  longitudinal  fibres  intercalated  ;  the  cavernous  part  has  a  few  circular  fibres 
posteriorly,  but  anteriorly  the  muscular  fibres  are  single  and  placed  obliquely  and  longitudi- 
nally. 

Closure  of  the  Bladder. — The  so-called  internal  vesical  sphincter  of  the 
anatomists,  which  consists  of  non-striped  muscle,  is  in  reality  an  integral  part  of 
the  muscular  coat  of  the  bladder  and  surrounds  the  orifice  of  the  urethra  as  far 
down  as  the  prostatic  portion,  just  above  the  colliculus  seminalis.  It  is,  however, 
not  the  sphincter  muscle.  The  proper  sphincter  urethrse  (sph.  vesicas  externus) 
lies  below  the  latter.  It  is  a  completely  circular  muscle  disposed  around  the 
urethra,  close  above  the  entrance  of  the  urethra  into  the  septum  urogenitale  at  the 
apex  of  the  prostate,  where  it  exchanges  fibres  with  the  deep  transverse  muscle  of 
the  perinseum  which  lies  under  it. 
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Some  lon"itudinaI  fibres,  which  vim  along  the  upjier  inargiii  of  the  ])vostate  from  the  bladder, 
belou"  to  this  sphincter  muscle.  Single  transverse  bundles  passing  forward  from  the  surface  of 
the  neck  of  the  bladder,  the  transverse  bands  which  lie  within  the  prostate,  the  aijex  of  the 
coUiculus  seminalis,  and  a  strong  transverse  bundle  passing  in  front  of  the  origin  of  the  urethra 
into  the  substance  of  the  prostate— all  belong  to  the  sphincter  muscle  {Eealc).  lu  the  male 
urethra,  the  blood-vessels  form  a  rich  capillary  plexus  under  the  epithelium,  below  which  is  a 
wide-meshed  Z//Htp/iftiw  plexus.  , ,      t    ^  i. 

rTomis  of  Sphincter  Urethrse.  — Open  the  abdomen  of  a  rabbit,  ligature  one  ureter,  tie  a 
cannula  in  the  otiier,  and  pour  water  into  the  bladder  until  it  runs  out  through  the  urethra, 
which  is  usually  under  a  pressure  of  16  to  20  inches.  If  the  spinal  cord  be  divided  between 
the  fifth  and  seventh  lumbar  vertebiw,  a  column  of  6  inches  is  sulhcient  to  overcome  the 
resistance  of  the  sphincter,  while  section  at  the  fourth  lumbar  vertebra  has  no  eliect  on  the 
height  of  the  pressure.  In  such  an  animal  the  bladder  becomes  distended,  but  m  one  with  its 
cord  divided  Ijetweeu  the  fifth  and  seventh  lumbar  vertebne,  there  is  incontinence  ot  u"ne— 
in  the  former  case  because  the  excito-motor  impulses  are  cut  oil  Irom  the  centi-e  (5  to  7 
vert.),  and  in  the  latter  because  the  tonus  of  the  sphincter  is  destroyed  {Ku2}ressow).  ihis 
tonus  is  denied  by  Landois  and  others.] 

280  —ACCUMULATION  OF  URINE— MICTURITION.— After  emptying 
the  bladder,  the  urine  slowly  collects  again,  the  bladder  being  thereby  gradually 
distended.    [A  healthy  bladder  may  be  said  to  be  full  when  it  contains  20  oz.J 
As  lon^  as  there  is  a  moderate  amount  of  urine  in  the  bladder,  the  elasticity  of  the 
elastic  fibres  surrounding  the  urethra,  and  that  of  the  sphincter  of  the  urethra 
(and  in  the  male  of  the  prostate),  suffice  to  retain  the  urine  in  the  bladder.  ThLs 
is  shown  by  the  fact  that  the  urine  does  not  escape  from  the  bladder  after  death. 
If  the  bladder  be  greatly  distended  (1-5  to  1-8  litre),  so  that  its  apex  projects 
above  the  pubes,  the  sensory  nerves  in  its  walls  are  stimulated  and  cause  a  feeling 
of  a  full  bladder,  while  at  the  same  time  the  urethral  opening  is_  dilated,  so  that  a 
few  drops  of  urine  pass  into  the  beginning  of  the  urethra     Besides  the  subjective 
feeling  of  a  full  bladder,  this  tension  of  the  walls  of  the  bladder  causes  a  r./e^ 
effect,  so  that  the  urinary  bladder  contracts  periodically  upon  its  fluid  contents 
and  so  do  the  sphincter  of  the  urethra  and  the  muscular  fibres^  of  the  urethra,  and 
thus  the  urethra  is  closed  against  the  passage  of  these  drops  of  urine.        long  as 
the  pressure  within  the  bladder  is  not  very  high,  the  reflex  activity  of  the  trans- 
versely striped  sphincter  overcomes  the  other  (as  during  sleep)  ;  but  as  the  pressure 
Ses  and  the  distension  increases,  the  contraction  of  the  walls  of  the  bladder  over- 
comes tLcW  produced  by  the  sphincter,  and  the  bladder  is  emptied,  as  occurs 

-i:^^::^^^  urethr.  comes  under  the  --10^^^^^^^^^^ 
that  it  can  be  contracted  voluntarily,  as  occurs  m  man  when  he  ^^^^^^l^^^^^ 
the  bulbo-cavernosus  muscle  to  retain  urme  m  the  bladder.    Tlie  sphincter  am 
usnally  contracts  at  the  same  time.    The  reflex  act  vity  o  the  sphincter  may  ako 
be  inhibited  voluntarily,  so  that  it  may  be  completely  relaxed.    This  is  the  con 
dition  when  the  bladder  is  emptied  voluntarily. 

Sli<.ht  movements,  confined  to  the  bladder,  occur  during  psychical  or  emoti^^^^^^ 

water  manometer  communicating  with  the  interior  of  the  bladder.] 

Nerves  -The  nerves  concerned  in  the  retention  and  evacuation  ot  tl^e  "rme  are  . 
1    Thl  motor  nerves  of  the  sphincter  urethras,  which  lie  in  the  pudendal  nerve 
an"o"o"fXthirdandfU-thsacr^^ 

as  soon  as  the  bladder  becomes  so  distended  as  to  dilate  the  urethral  opemn,. 
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urine  begins  to  trickle  away  (incontinence  of  urine).  2.  The  sensory  nerves  of  the 
urethra,  which  excite  these  reflexes,  leave  the  spinal  cord  by  the  posterior  roots  of 
the  third,  fourth,  and  fifth  sacral  nerves.  Section  of  these  nerves  causes  incon- 
tinence of  urine.  The  centre  in  dogs  lies  opposite  the  fifth,  and  in  rabbits,  oppo- 
site the  seventh,  lumbar  vertebra  {Budge).  3.  Fibres  pass  from  the  cerebrum — 
those  that  convey  voluntary  impulses  through  the  peduncles,  and  the  anterior 
columns  of  the  spinal  cord  (according  to  Mosso  and  Pellacani,  through  the  posterior 
columns  and  the  posterior  part  of  the  lateral  columns),  to  the  motor  fibres  of  the 
sphincter  urethrte.  4.  The  inhibitory  fibres  concerned  in  the  reflex-inhibition  of 
the  sphincter  urethrtB,  take  the  same  course  (perhaps  from  the  optic  thalamus?) 
downwards  through  the  cord  to  where  the  third,  fourth,  and  fifth  sacral  nerves 
leave  it.  5.  Sensory  nerves  proceed  from  the  urethra  and  bladder  to  the  brain, 
but  their  course  is  not  known.  Some  of  the  motor  and  sensory  fibres  lie  for  a  part 
of  their  course  in  the  sympathetic. 

Transverse  section  of  the  spinal  cord  above  where  the  nerves  leave  it,  is 
always  followed  in  the  first  instance  by  retention  of  urine,  so  that  the  bladder  be- 
comes distended.  This  occurs  because — (1)  the  section  of  the  spinal  cord  increases 
the  reflex  activity  of  the  urethral  sphincter ;  and  (2),  because  the  inhibition  of  this 
reflex  can  no  longer  take  place.  As  soon,  however,  as  the  bladder  becomes  so  dis- 
tended, as  in  a  purely  mechanical  manner  to  cause  dilatation  of  the  urethral  orifice, 
then  the  urine  trickles  away,  but  the  amount  of  urine  which  trickles  out  in  drops 
is  small.  Thus  the  bladder  becomes  more  and  more  distended,  as  the  continuously 
distended  walls  of  the  organ  yield  to  the  increased  tension,  so  that  the  bladder  may 
become  distended  to  an  enormous  extent.  The  urine  very  frequently  becomes 
ammoniacal,  accompanied  by  catarrh  and  inflammation  of  the  bladder  (§  263). 

Voluntary  Micturition. — Observers  are  not  agreed  as  to  the  mechanism  con- 
cerned in  emptying  the  bladder  when  it  is  only  partially  full.  It  is  stated  by  some 
that  a  voluntary  impulse  passes  from  the  brain  along  a  cerebral  peduncle,  and  the 
cord,  to  the  anterior  roots  of  the  3rd  and  4th  sacral  nerves,  and  partly  through 
motor  fibres  from  the  2nd  to  the  5th  lumbar  nerves  (especially  the  3rd),  to  act 
directly  upon  the  smooth  muscular  fibres  of  the  bladder.  This  is  assumed,  because 
electrical  stimulation  of  any  part  of  this  nervous  channel  causes  contraction  of  the 
bladder.  This  view,  however,  does  not  seem  to  be  the  true  one.  It  is  to  be  re- 
membered that  Budge  showed  that  the  sensory  nerves  of  the  wall  of  the  bladder 
are  contained  in  the  first,  second,  third,  and  fourth  sacral  nerves,  and  also  in  part 
in  the  course  of  the  hypogastric  plexus,  whence  they  ultimately  pass  by  the  rami 
communicantes  into  the  spinal  cord. 

According  to  Landois,  the  smooth  musculature  of  the  bladder  cannot  be  excited 
directly  by  a  voluntary  impulse,  but  it  is  always  caused  to  contract  reflexly.  If  we 
wish  to  micturate  when  the  urinary  bladder  contains  a  small  quantity  of  urine, 
we  first  excite  the  sensory  nerves  of  the  opening  of  the  urethra,  either  by  causing 
contraction  or  relaxation  of  the  sphincter  urethraa,  or  by  means  of  slight  abdominal 
pressure,  and  thus  force  a  little  urine  into  the  urethral  orifice.  This  sensory 
stimulation  causes  a  reflex  contraction  of  the  walls  of  the  urinary  bladder.  At 
the  same  time,  this  condition  is  maintained  voluntarily,  by  the  action  of  the  intra- 
cranial reflex-inhibitory  centre  of  the  sphincter  urethrte.  The  centre  for  the  reflex 
stimulation  of  the  movements  of  the  walls  of  the  urinary  bladder  is  placed  some- 
what higher  in  the  spinal  cord  than  that  for  the  sphincter  urethra}.  In  dogs,  it  is 
opposite  the  4th  lumbar  vertebra  {Gianuzzi,  Budge). 

[Two  centres  are  assumed  to  exist  in  the  cord,  fig.  292,  one  the  automatic  (A.C.)  at  the  segment 
corresponding  to  the  2nd,  3rd,  and  4th  sacral  ne'rves,  which  maintains  the  tonic  action  of  the 
.sphmcter ;  the  other,  a  reflex  centre  (R.  C. ),  is  situated  higher,  and  through  it  the  detrusor  urinaj 
IS  excited  to  contraction.  Both  centres  are  connected  to  and  governed  or  controlled  by  a  cerebral 
centre  (C. ).  The  automatic  centre  is  connected  with  the  sphincter,  and  the  other  with  the  urine- 
expelhng  fibres.    They  are  also  connected  with  afferent  fibres  from  the  bladder  and  elsewhere. 


ABSORPTION. 

Tho  attevent  or  sensory  fibres  are  also  oounected  with  the  brain.  The  automatic  centre  maintains 
tl  e  cCirrof  the  bladder,  but  if  tho  latter  be  distended,  dilierent  inipulses  proceeding  from  it 
reacl  i^>r  spinal  centre,  and  it  may  be  the  cerebrum.  The  in.pu  ses  reaching  the  automatic 
cent  e  i  hiS  action  and  those  to  the  rellcx  centre  excite  it,  so  that  the  detrusor  ur.uie  con- 
tSs  he  atll-rcnt  impulses  be  powerful,  a  desire  to  urinate  is  excited  and  voluntary 

tiatts.    Jl  tne  i    impulses  are  excited  which  act  upon  the  spinal  centres  as  the 

aflerent  impulses  do,  and  thus  the  act  of  urination  is  more  easily 

accomplished.]  .       ,  i  „„„;„i 

We  may  conceive  a  voluntary  impulse  to  pass  down  special 
fibres  to  an  inhibitory  centre,  which  may  either  act  Jnftly  on 
the  motor  centre,  or  possibly  may  send  branches  directly  to  the 

sphincter  muscles.  „ 

Painful  stimulation  of  sensory  nerves  causes  reflex  contiaction 
of  the  bladder  and  evacuation  of  the  iirine  (in  children  during 
teethiu")  Reflex  contraction  of  the  bladder  can  be  brought  about 
in  cats  by  stimulation  of  the  inferior  mesenteric  ganglion.  After 
s  Sof  all  the  nerves  going  to  the  bladder,  haemorrhage  and 
asphyxia  cause  coutractioS  by  a  direct  effect  upon  the  structures 
in  the  wall  of  the  bladder.  As  yet  no  one  has  succeeded  in  excit- 
Inc  aitmcially  the  inhibitory  centre  in  the  brain  for  the  sphincter 
muscle  (Sokoivin  ami  Koivalesky).  ,  i,- 

It  se  ms  probable  that,  as  in  the  case  of  the  anal  sphincter 
(S  160),  there  is  not  a  continuous  tome  reflex  stimulation  of  the 
Ipl  inc  er  urethree ;  the  reflex  is  excited  each  time  by  the  contents 
Ti  e  sphincter  vesicas  of  the  anatomists,  which  consists  of  smooth 
mutci  lar  tissue,  docs  not  seem  to  take  part  in  closing  the  bladder 
Bud' e  and  Landois  found  that,  after  removal  of  the  transversely 
Sed  sphincter  urethra,  stimulation  of  the  smooth  sphincter 
Mnot   ause  occlusion  of  the  bladder  nor  could  L.  Rosenthal 

t  W  kaent  impute.      the  bl.ddev  is  PX^-r.  So^reSit  oArl^^^^^^^^  i» 
capable  of .b»orbihg»bst.nce«-i;otaBsi,.mw^^^^^^ 

a  ptst'rai";x;;r;.!Si's.tt:„SStt  ,o™ea,    „i,.e  ».,b. 

"S,eT:»^!il'S»eMadde,,*^^^^^^^^^^ 

water.    Increase  of  the  ■»"»-»"""°fi>r,C  b  Sdjr'  The  erect  po.tare  also  increases  .t, 

found  20  to  30  inches  of  water.]  ,  ^    kidney  become  dilated,  owing  to 

[HydronephroBis  occurs  when  the  ureters  and  pel^  «  ot        v  c    y  ^^^^  obstruction 

pattill  and  gradual  obstruction  of  * -J^^Irv  sec  Uoi  la 

become  complete,  there  IS  cessation  of  the  uim  specially  the  casern 

remains  contracted  for  several  seconds  aftei  it  emimea,  ,  ^^^3^5  damming  up 
irritable  bladder;  so  that  this  condition  may  also  give  use  to  uy  i 

the  urine  in  the  ureters.]                                    „„;,lorl  if  first  is  small,  but  it  increases  with 
SaBiditv  of  Micturition. -The  amount  of  urine  voided  at  last  ,    ,  ^  ,  , 


Fig.  292. 
Scheme  of  micturition :— A.C., 


the  time,  an 


ofMicturition.-The  amount  of  ^ipe  yoiaeti     .u..  .0  o       ,  ^        of  urine 
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bladder  ;  the  latter  sometimes  occurs  after  delivery,  iu  consequence  of  the  pressure  of  the  child 
against  the  bladder.  3.  After  section  of  the  spinal  cord  (p.  435).  4.  Where  the  voluntary 
impulses  are  unable  to  act  upon  the  inhibitory  apparatus  of  the  sphincter  urethra?  rcltex,  as  well 
as  when  the  sphincter  urethiw  rellex  is  increased.  ^   ,    r.     i    ■     r  ..i 

Incontinence  of  urine  (stillicidium  mma)  occurs  in  conse(iuenco  of— 1.  1  ara lysis  ot  the 
sphincter  urethrre.  2.  Loss  of  sensibility  of  the  urethra,  which  of  course  abolishes  the  reflex  of 
the  sphincter.  3.  Trickling  of  the  urine  is  a  secondary  consequence  of  section  of  the  spinal 
cord,  or  of  its  degeneration.  ,     ,  . 

Strangury  is  an  excessive  reflex  contraction  of  the  walls  of  the  bladder  and  sphincter,  duo  to 
stimulation  of  the  bladder  and  urethra  ;  it  is  observed  in  inflammation,  neuralgia  [and  after 
the  use  of  some  poisons,  c.</.,  cantharides].      .       ,    ,      ,  '       ,  ,  , 

Emiresis  noctiinia,  or  involuntary  emptying  of  the  bladder  at  night,  may  be  due  to  an 
increased  reflex  excitability  of  the  wall  of  the  bladder,  or  weakness  of  the  sphincter. 

282  COMPAEATIVE  AND  HISTORICAL. — Amongst  vertebrates,  the  urinary  and  genital 
oro-ans  are  frequently  combined,  except  in  the  osseous  fishes.  The  Wolffian  bodies  which  act 
as°or'>-ans  of  excretion  during  the  embryonic  period,  remain  throughout  life  in  fishes  and 
amplubians  and  continue  to  act  as  such.  Fishes.— The  myxinoids  (cyclostomata)  have  the 
simplest  kidneys ;  on  each  side  is  a  long  ureter  with  a  series  of  short-stalked  glomeruli  with 
capsules  arranged  along  it.  Both  ureters  open  at  the  genital  pore.  Iu  the  other  fishes,  the 
kidneys  lie  often  as  elongated  compact  masses  along  both  sides  of  the  vertebral  column. 
The  two  ureters  unite  to  form  a  urethra,  which  always  opens  behind  the  anus,  either 
united  with  the  opening  of  the  genital  organs,  or  behind  this.  Iu  the  sturgeon  and  hag-fish, 
the  anus  and  orifice  of  the  urethra  together  form  a  cloaca.  Bladder-like  formations,  which, 
however,  are  morphologically  homologous  with  the  urinary  bladder  of  mammals,  occur  in  fishes, 
either  on  each  ureter  (ray,  hag-fish),  or  where  both  join.  In  amphibians,  the  vasa  eff'erentia  of 
the  testicles  are  united  with  the  urinary  tubules  ;  the  duct  iu  the  frog  unites  with  the  one  on 
the  other  side,  and  both  conjoined  opens  into  the  cloaca,  whilst  the  capacious  urinary  Madder 
opens  through  the  anterior  wall  of  the  cloaca.  From  reptiles  upwards,  the  kidney  is  no  longer 
a  persistent  Wolffian  body,  but  a  new  organ.  In  reptiles,  it  is  usually  flattened  and  elongated; 
the  ureters  open  singly  into  the  cloaca.  Saurians  and  tortoises  have  a  urinary  bladder.  In 
birds,  the  isolated  ureters  open  into  the  urogenital  sinus,  which  opens  into  the  cloaca,  internal 
to  the  excretory  ducts  of  the  genital  apparatus.  The  urinary  bladder  is  always  absent.  In 
mammals,  the  kidneys  often  consist  of  many  lobules,  e.g.,  dolphin,  ox. 

Amongst  invertebrates,  the  moUusca  have  excretory  organs  in  the  form  of  canals,  which  are 
provided" with  an  outer  and  an  inner  opening.  In  the  mussel,  this  canal  is  provided  with  a 
sponge-like  organ,  often  with  a  central  cavity,  and  consisting  of  ciliated  secretory  cells,  placed  at 
the  base  of  the  gills  (organ  of  Bojanus).  In  gasteropods,  with  analogous  organs,  uric  acid  has 
been  found.  Insects,  spidei-s,  aiid  centipedes  have  the  so-called  Malpighian  vessels,  which  are 
excretory  organs  partly  for  uric  acid  and  partly  for  bile.  These  vessels  are  long  tubes,  which 
open  into  the  first  part  of  the  large  intestine.  In  crabs,  blind  tubes  connected  with  the 
intestinal  tube,  perhaps  have  the  same  functions.    The  vermes  also  have  renal  organs. 

Historical. — Aristotle  directed  attention  to  the  relatively  large  size  of  the  human  bladder — 
he  named  the  ureters.  Massa  (1552)  found  lymphatics  in  the  kidney.  Eustachius  (t  1580) 
ligatured  the  ureters  and  found  the  bladder  empty.  Cusanus  (1565)  investigated  the  colour 
and  weight  of  the  urine.  Eousset  (1581)  described  the  muscular  nature  of  the  walls  of  the 
bladder.  Vesling  described  the  trigone  (1753).  The  first  important  chemical  investigations  on 
the  urine  date  from  the  time  of  van  Helmont  (1644).  He  isolated  the  solids  of  the  urine  and 
found  among  them  common  salt ;  he  ascertained  the  higher  specific  gravity  of  fever-urine,  and 
ascribed  the  origin  of  urinary  calculi  to  the  solids  of  the  urine.  Scheele  (1766)  discovered  uric 
acid  and  calcium  phosphate;  Arand  and  Kunckel,  phosphorus;  Rouelle  (1773),  urea;  and  it  got 
its  name  from  Fourcroy  and  Vauquelin  (1799).  Berzelius  found  lactic  acid ;  Seguin,  albumin  in 
pathological  urine  ;  Liebig,  hippuric  acid  ;  Heint;^  and  v.  Pettenkofer,  kreatin  and  kreatinin  ; 
Wollaston  (1810),  cystin.    Marcet  found  xanthin  ;  and  Lindbergson,  maguesic  carbonate, 


Functions  of  the  Skin. 

283,  STRUCTURE  OF  THE  SKIN,  HAIRS,  AND  NAIL.— The  skin  (3-3  to 
2*7  mm.  thick  ;  specific  gravity,  10-57)  consists  of — 
[1.  The  epidermis ; 

2.  The  chorium,  or  cutis  vera,  with  the  papillee  (fig.  294).] 

The  epidermis  (O'OS  to  0'12  mm.  thick)  consists  of  many  layers  of  stratified  epithelial  cells 
united  to  each  other  by  cement  substance  (figs.  293,  294).    The  superficial  layers — stratum 
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Stratum 
Malpighii. 


corneiim — consist  of  several  layers  of  dry  horny  non-nucleated  squames,  wliicli  swell  up  in  solu- 
tion of  caustic  soda  (lif;.  294,  E).  [It  is  ahvayn  thickest  where  intermittent  pressure  is  applied, 
as  on  the  sole  of  the  foot  and  palm  of  the  liand.]  The  next  layer  is  the  Btratmn  hicidum,  which 
is  clear  and  transparent  in  a  section  of  skin,  hence  the  name,  and  consists  of  coniiiact  layers  of 
clear  cells  with  vestiges  of  nuclei.  Under  this  is  the  rete  mucosum  or  rete  Malpigliii  (li-^.  294,  d), 
consisting  of  many  layers  of  nucleated  protoplasmic  epithelial  cells  which  contain  pigment  in 
the  dark  races,  and  in  the  skin  of  the  scrotum,  and  around  the  anus.  [The  superhcial  cells  are 
more  fusiform  and  contain  granules  which  stain  deeply  witli  carmine.  They  constitute,  3, 
the  stratum  gramUosum.  In  these  cells  the  formation  of  keratin  is  about  to  begin,  and  the 
.n'auules  have  been  called  eleidin  granules  by  Ranvier.  They  are  chemically  on  the  way  to 
be  transformed  into  keratin.    All  corneous  structures  contain  similar  granules  in  the  area  where 

the  cells  are  becoming  corneous.     llien  loUow 
several  layers  of  more  or  less  polyhedral  cells, 
softer  and  more  plastic  in  their  nature,  and  ex- 
hibiting the  characters  of  so-called  "prickle 
cells"  (fig.  294,  R).    [The  spaces  between  the 
fibrils  connecting  adjacent  cells  are  lymph  spaces.] 
The  deepest  layers  of  cells  are  more  or  less 
columnai-,  and  the  cells  are  placed  vertically  upon 
the  papillre.    Granular  leucocytes  or  wandering 
cells  are  sometimes  found  between  these  cells. 
This,  the  fourth  laver,  has  been  called  the  stratum 
Malpighii.  The  rete  Malpighii  dips  down  between 
adjacent  papillte  and  forms  interpapillary  pro- 
cesses.   According  to  Klein,  a  delicate  basement 
membrane  separates  the  epidermis  from  the  true 
skin.  ]    The  superficial  layers  of  the  epidermis  are 
continually  being  thrown  off,  while  new  cells  are 
continually  being  formed  in  the  deeper  layers  of 
the  skin  by  proliferation  of  the  cells  of  the  rete 
Malpighii.     There  is  a  gi-adual  change  in  the 
microscopic  and  chemical  characters  of  the  cells 
from  the  deepest  to  the  superficial  layers  of  the 
epidermis.     [In  a  vertical  section  of  the  skin 
stained  with  picro-carmine,  the  S.  granulosum 
is  deeply  stained  red,  and  is  thus  readily  distin- 
guished amongst  the  other  layers  of  the  epidermis.] 
[Epider-  (  (1)  Stratum  corncum, 
1  (2)  Stratum  lucidum, 
\  (3)  Stratum  granulosum, 
(4)  Stratum  Malpighii, 
No  pigment  is  formed  within  the  epidermis 
itself;  when  it  is  present,  it  is  carried  by  leucocytes 
from  the  subcutaneous  tissue  {PdcM,  Ehrmann, 
Acby).    This  explains  how  it  is  that  a  piece  of 
white  skin,  transplanted  to  a  negro,  becomes 
black  {Karg).  ^   .   ,  . 

The  chorium  (fig.  294,  I,  C)  is  beset  over  its 
entire  surface  by  numerous  (0-5  to  01  mm.  high) 
nanUlffi  ffi^r  094)  the  larcrest  being  upon  the  volar  surface  of  the  hand  and  foot,  on  the  nipple 
S  .Sns  penJ     Most  of  tl  e  papilll  contain  a  looped  capiUary       while  m  certain  regions 
.  me'  oTE  conSn  a°touchlcoWle  (fig-  295  a).    The  pai^U^  .-u-e  disp^^^^^^ 
whose  arrangement  varies  in  different  parts  of  the  body     In  the  P^^^  ,y;^^;;'?^^^^^^^^ 
the  foot  thef  occur  in  rows,  which  are  marked  out  by  the  ^^/tence  of  dd^^^^^^ 
surface  visible  to  the  naked  eye.    The  chorium  consists  of  a  dense  netwoik  of  l^un^les  ot  wmte 
fibrou  ti  st  mfxecWith  a  network  of  elastic  fibres,  .^uch  are  '--'^^f  £ 
silversmiths  the  elastic  fibres  are  blackened  by  the  partial  'l^P^^'*  °" 

same  obtains  in  those  who  take  silver  nitrate  in  such  quantity  as  to  produce  aifJ  "«-™^7^°" 
nective  tissue  contains  many  connective-tissue  corpuscles  and  nunierous  leucocytes     T  e  deepe. 

of  the  rhomb  corresponds  to  the  greater  tension  of  he  skin  *  J  P'^' ;,  ^„,tnY  situations,  the 
t^lS^^^^oTZ^t^:^^::^^  or  bones 
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Fig.  293. 

Vertical  section  of  the  human  epidermis  ; 
the  nerve-fibrils,  n,  b,  stained  with 
gold  chloride. 
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(tenacula  cutis) ;  in  other  parts,  as  over  bony  prominences,  bursfe  partially  lined  with  endo- 
thelium and  filled  with  svnovia-like  fluid,  occur.  _ 
Smooth  mnsciilar  fibres  occur  in  the  chorium  in  certain  situations  on  extensor  surlaces 


Fig.  294. 

I,  Vertical  section  of  the  skin,  with  a  hair  and  sebaceous  gland,  T.  Epidermis  and  chorium 
shortened— 1,  outer  ;  2,  inner  fibrous  layer  of  the  hair-follicle  ;  3,  its  hyaline  layer  ;  4, 
outer  root  sheath;  5,  Hiixley's  layer  of  the  inner  root  sheath;  6,  Henle's  layer  of  the 
same  ;  root  of  tlie  hair,  with  its  papilla ;  A,  an-ector  pili  muscle  ;  C,  chorium  ;  a,  siib- 
Girtaneous  fatty  tissue  ;  &,  epidermis  (horny  layer) ;  cl,  rete  Malpighii ;  cj,  blood-vessels  of 
papillfe  ;  v,  lymphatics  of  the  same  ;  h,  horny  or  corneous  substance ;  i,  medulla  or  pith  ; 
%,  epidermis  or  cuticle  of  hair  ;  K,  coil  of  sweet-gland  ;  E,  epidermal  scales  (seen  from  above 
and  an  face)  from  the  stratum  corneuni  ;  R,  prickle  cells  from  the  rete  Malpighii ;  n,  super- 
ficial, and  m,  deep  cells  from  the  nail ;  H,  hair  magnified ;  c,  cuticle ;  c,  medulla,  with  cells ; 
/,  /,  fusiform  fibrous  cells  of  the  substance  of  the  hair  ;  x,  cells  of  Huxley's  layer  ;  I,  those 
of  Henle's  layer  ;  S,  transverse  section  of  a  sweat-gland  from  the  axilla  ;  a,  smooth  muscular 
fibres  surrounding  it ;  t,  cells  from  a  sebaceous  gland,  some  of  them  containing  granules  of  oil. 

(Neumann) ;  nipple,  areola  mammre,  prepuce,  perinteum,  and  in  special  abundance  in  the 
tunica  dartos  of  the  scrotum. 

[Guanin  in  the  Skin. — The  skin  of  many  amphibians  and  reptiles  contains  brown  or  black 
pigment-granules,  and  other  granules  of  a  white,  silvery,  or  chalky  appearance.  Ewald  and 
Krukenberg  have  shown  that  the  latter  consists  of  guanin,  and  that  this  substance  is  very 
widely  diffused  in  the  skin  of  fishes,  amphibians,  and  reptiles.    Test :— Select  a  piece  of  skin 
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DEVELOPMENT  OF  THE  NAILS  AND  HAIR. 


from  thu  belly  of  a  frog  ;  i)lace  it  in  a  porcelain  capsule  as  for  the  murexide  test ;  add  concen- 
trated nitric  acid,  and  heat  to  dryness,  wluMi  a  yellow  residue  is  ol)tained  ;  on  adding  a  drop  of 
caustic  soda  a  red  colour  is  struck.  The  yellow  residue  gives  no  reaction  witli  aninionia  If  to 
the  lluid  more  water  bo  added,  and  it  be  then  heated,  distributed  over  the  surface  ol  the  cap- 
sule and  cooled  by  blowing  upon  it,  various  .shades  of  purple  and  violet  are  obtained.] 

Tiio  nailB  (specilic  gravity  M9)  consist  of  numerous  layers  of  solid,  horny,  homogeneous, 
cnidormal  or  nail-cells,  which  may  bo  isolated  with  a  solution  of  caustic  alkali,  when  they 
swell  ui>  and  exhibit  the  remains  of  an  elongated  nucleus  (fig.  294,  n,  m).  fhe  whole  under 
surface  of  the  nail  rests  upon  the  nail-bed ;  the  lateral  and  posterior  edges  lie  in  a  deep  gioove, 
the  nail-ffi'oove  (fig.  296,  e).  The  chorium  under  the  nail  is  covered  throughout  its  entire 
extent  by  longitudinal  rows  of  papillae  (fig.  296,  d).  Above  this  there  lies  as  in  the  skin  many 
B.\n.iiL  uj      o  \  o  layers  of  prickle  cells  like  those  m  the  lete 

Malpighii  (fig.  294,  d),  and  above  this  again 
is  the  substance  of  the  nail  (fig.  296,  a). 
[The  stratum  granulosum  is  rudimentaiy  in 
the  nail-bed.  The  substance  of  the  nail  re- 
presents the  stratum  lucidum,  there  being 
no  stratum  corneum  [Klein).]  The  poste- 
rior part  of  the  nail-groove  and  the  half 
moon,  brighter  part  or  lunule,  form  the  root 
of  the  nail.  They  are,  at  the  same  time, 
the  matrix,  from  which  growth  of  the  nail 
takes  place.  The  lunule  is  present  in  an 
„.    „Q,  isolated  nail,  and  is  due  to  diminished  trans- 

^^S-  parency  of  the  posterior  part  of  the  nail, 

Papillai  of  the  skin,  epidermis  removed,  bloocl-  ^^^.^^^  ^-^^  special  thickness  and  uniform 
vessels  injected  ;  some  contain  a  M^agner  s  touch-  ^jg^j.fi^^tion  of  the  cells  of  the  rete  Malpighii 
corpuscle,  a,  the  others  a  capillary  loop.  (Toldt). 

PrnwtTi  of  the  Nail  -According  to  Unna,  the  matrix  extends  to  the  front  part  of  the  lunule 

^'^^^^^-^■^^^^^^^^ 

and  forwards,  through  the  thick- 
ness of  the  substance  of  the  nail. 
The  nail  is  of  the  same  thickness 
from  the  anterior  margin  of  the 
lunule  forwards  to  its  free  margin. 
Thus  the  nail  does  not  gi'ow  in 
thickness  in  this  region.    In  the 
course  of  a  year  the  fingers  produce 
I  about  2  gTins.  of  nail  substance, 
]  an  d  relatively  more  in  summer  than 
5  in  winter. 

Development.  —  1.  From  the 
second  to  the  eighth  month  of 
fo3tal  life,  the  position  of  the  nail  is 
indicated  by  a  partial  but  marked 
horny  condition  of  the  epidermis  on 
the  back  of  the  first  phalanx,  the 
Fig.  296.  "eponycliium."    The  remainder 

Transverse  section  of  one-half  of  a  nail,  a,  nail-substance  ;  this  substance  is  represented 
r  moi^  open  layer  of  cells  of  the  nail-bed  ;  c,  stratum  anviug  life  by  the  normally  formed 
Malpi-hii  of  the  nail-bed  ;  d,  transversely  divided  pa-  epidermal  layer,  which  separates 

uail  grows  and  pushes  forward  towards  «'>?  »'"»"■  'K  „dl  bed.  3.  When,  at  a  later 
covered  by  the  eporrjehiam  '^Vfftc  v^^^^^    Aft  r  hi  h  the  papilto  ar;  tom.ed  on 

SfbV'rrTarae'Sm'i.™^^^^^^  "-""'"^  '° 

^'^^^^STaU^'Slvvholeof  thesMn 

with  hairs,  wMeh  may  bo  strong  or  erie  Oa^^^^^^^         est.-emitv  (root)  in  a  depression  of  the 
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sometimes  as  far  as  the  subcutaneous  tissue.  The  structure  of  a  hair-follicle  is  the  following  :- 
1  The  outer  fibroiis  layer  (figs.  294,  1,  293),  composed  of  interwoven  bundles  of  connective- 
tissue,  ar,;„ged  for  the'most^part  longitudinally  and  P^'ovi^ed  with  numerous  blood-ve^^^^ 
and  nerves  Fit  is  just  the  connective-tissue  of  the  surrounding  chorium.]  2.  Ihe  mner 
fibro^  laver  ffi^s  4i,  2,  297)  consists  of  a  layer  of  fusiform  cells  ?  smooth  muscular  hbres) 
manned  cScU^^^^^^  does  not  extend  throi/ghout  the  whole  length  of  the  follicle.]  3.  In- 
sert" S  1^4 1  is  a  te^  hyaline,  glass-like  basement  membrane  (hgs.  292  3,  29/) 
Sich  ends  at  the  neck  of  the  hair-follicle  ;  while  above  it  is  continued  as  the  Imsement 
membrane  which  exists  between  the  epidermis  and  chorium.  In  addition  to  these  coverings,  a 
hair-follicle  has  epithelial  coverings  which  must  be  regarded  in  relation  to  the  layers  ot  tlie 
epidermis.  Immeiliately  within  the  glass-like  membrane  is  the  outer  root-sheatli  (hgs.  294,  4, 
297  "98)'  which  consists  of  so  many  layers  of  epithelial  cells  that  it  forms  a  conspicuous 
coverhi"  '  It  is,  in  fact,  a  direct  continuation  of  the  stratum  Malpighii,  and  consists  of  many 
layers  of  soft  cells,  the  cells  of  the  outer  layer  being  cylindrical.  Towards  the  base  of  the  hair- 
foUiele  it  becomes  narrower,  and  is  united  to,  and  continues  with  the  cells  of  the  root  ot  the 
hair  itself,  at  least  in  fully  developed  hairs.  The  horny  layer  of  the  epidermis  continues  to 
retain  its  properties  as  far  down  as  the  orifice  of  the  seba- 
ceous follicle ;  below  this  point,  however,  it  is  continued  as 
the  inner  root-sheath.  This  consists  of  (1)  a  single  layer 
of  elongated,  fiat,  homogeneous,  non-nucleated  cells  (figs. 
294,  6,  297,  f—Senlc's  layer)  placed  next  and  within  the 
outer  root-sheath.  Within  this  lies  (2)  Hiixley's  Imjer  (figs. 
294,  5,  297,  g),  consisting  of  nucleated  elongated  polygonal 
cells  (fig.  294,  X,  and  3),  while  the  ciUicla  of  the  hair-follicle 
is  composed  of  cells  analogous  to  those  of  the  surface  of  the 
hair  itself.  Towards  the  bulb  of  the  hair  these  three  layers 
become  fused  together. 

[Coverings  of  a  hatr-foUicle  arranged  from  without  in- 
wards— 

,  ,         I  (a)  Longitudinallyarrauged  fibrous  tissue. 

1.  Fibrous  layers,  |      circularly  arranged  spindle  cells. 

2.  Glass-like  (hyaline)  membrane. 


Epithelial 
layers, 

The  hair  itself. 


(a)  Outer  root-sheath. 
[h)  Inner  root-sheath, 
(c)  Cuticle  of  the  hair. 


K  Henle's  layer. 
I  Huxley's  layer. 


The  arrector  pili  muscle  (fig.  294,  A)  is  a  fan-like  arrange- 
ment of  a  layer  of  smooth  muscular  fibres,  attached  below 
to  the  side  of  a  hair-follicle  and  extending  towards  the 
surface  of  the  chorium  ;  as  it  stretches  obliquely  upwards, 
it  subtends  the  obtuse  angle  formed  by  the  hair-follicle  and  Fig.  297. 

the  surface  of  the  skin,  [or,  in  other  words,  it  forms  an  acute  Transverse  section  of  a  hair  and 
angle  with  the  hair- follicle,  and  between  it  and  the  follicle  follicle,  a,  outer  fibrous  coat 
lies  the  sebaceous  gland].  When  these  muscles  contract, 
they  raise  and  erect  the  haii--follicles,  producing  the  con- 
dition of  cutis  anserina  or  gooscskin.  As  the  sebaceous 
gland  lies  in  the  angle  between  the  muscle  and'  the  hair- 
follicle,  contraction  of  the  muscle  compresses  the  gland  and 
favours  the  evacuation  of  the  sebaceous  secretion.  It  also 
compresses  the  blood-vessels  of  the  papilla  ( Unna). 

The  hair  with  its  large  bulbous  extremity — hair-bulb — 
sits  upon,  or  rather  embraces,  the  papilla.  It  consists  of  (1) 
the  vmrroiv  or  medulla  (fig.  294,  i),  which  is  absent  in  woolly  hair  and  in  the  hairs  formed  during 
the  first  year  of  life.  It  is  composed  of  two  or  three  rows  of  cubical  cells  (H,  c).  (2)  Outside 
this  lies  the  thicker  cortex  {h),  which  consists  of  elongated,  rigid,  horny,  fibrous  cells  (H,  /,  f), 
while  in  and  between  these  cells  lie  the  pigment  granules  of  the  hair.  (3)  The  surface  of  the 
hair  is  covered  with  a  cuticle  (^"),  and  consists  of  imbricated  layers  of  non-nucleated  squames. 

Grey  Hair. — When  the  hair  becomes  grey,  as  in  old  age,  this  is  due  to  defective  formation  of 
pigment  in  the  cortical  part.  The  silvery  appearance  of  white  hair  is  increased  when  small  air- 
cavities  are  developed,  especially  in  the  medulla  and  to  a  less  extent  in  the  cortex,  where  they 
reflect  the  light.  Landois  records  a  case  of  the  hair  becoming  suddenly  grey,  in  a  man  whose 
hair  became  grey  during  a  single  night,  in  the  course  of  an  attack  of  delirium  tremens. 
Numerous  air-spaces  were  found  throughout  the  entire  marrow  of  the  (blond)  hairs,  while  the 
hair-pigment  still  remained. 

[Blood-Pigment  in  Hairs. — The  feelers  of  albino  rabbits  contain  in  some  part  of  their  sub- 
.stances  blood-pigment  [Sig.  Mayer).] 


with  b,  blood-vessels  ;  c,  inner 
circularly  disposed  layer ;  d, 
glass-like  layer  ;  e,  outer,  /,  g, 
inner,  root-sheath  ;  /,  outer 
layer  of  the  same  (Henle's 
sheath)  ;  g,  inner  layer  of  the 
same  (Huxley's  sheath)  ;  h, 
cuticle ;  I,  hair. 
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DEVELOPMENT  AND  PROrERTIES  OF  HAIR. 


Development  of  Hair. — Aocording  to  KoUiker,  from  the  12th  to  13th  week  of  intra-uterinc 
life,  solid  IhigL'V-liko  processes  of  the  eiiidermis  are  pushed  down  into  the  choriiim.  The  process 
becomes  llask-shajied,  while  the  central  cells  of  the  cylinder  become  elongated  and  form  a 
conical  body,  arising  ns  it  were  from  the  depth  of  the  recess.  It  soon  dillerentiates  into  an 
inner  darker  part,  which  becomes  the  hair,  and  a  thinner,  clearer  layer  covering  the  former, 

the  inner  root-sheath.  The  outer  cells,  i.e.,  those  lying 
next  the  wall  of  the  sac,  form  the  outer  root-sheath. 
Outside  this,  again,  the  fibrous  tissue  of  the  chorium 
forms  a  rudimentary  hair-follicle,  while  one  of  the 
papillic  grows  up  against  it,  indents  it,  and  becomes 
embraced  by  the  bulb  of  the  hair.  This  is  the  hair 
jiapilla,  which  contains  a  loop  of  blood-vessels.  The 
-J  cells  of  the  bulb  of  the  hair  proliferate  rapidly  and  thus 
the  hair  grows  in  length.  The  point  of  the  hair  is 
thereby  gradually  pushed  upwards,  pierces  the  inner 
root-sheath,  and  passes  obliquely  through  the  epidermis. 
The  hairs  appear  upon  the  forehead  at  the  19th  week ; 
at  the  23rd  to  25th  week  the  lanugo  hairs  appear  free, 
and  they  have  a  characteristic  arrangement  on  different 
parts  of  the  body. 

Physical  Properties.  —  Hair  has  very  considerable 
elasticity  (stretching  to  0'33  of  its  length),  considerable 
cohesion  (carrying  3  to  b  lbs. ),  resists  putrefaction  for 
a  long  time,  and  is  highly  hygroscopic.  The  last  pro- 
perty is  also  possessed  by  epidermal  scales,  as  is  proved 
by  the  pains  that  occur  in  old  wounds  and  scars  during 
damp  weather. 

Growth  of  a  hair  occurs  by  proliferation  of  the  cells  on 
the  surface  of  the  hair  papilla,  these  cells  representing 
the  matrix  of  the  hair.  Layer  after  layer  is  formed,  and 
gradually  the  hair  is  raised  higher  within  its  follicle. 

Change  of  the  Hair.— According  to  one  view,  when 
the  hair  has  reached  its  full  length,  the  process  of  forma- 
tion on  the  surface  of  the  hair  papilla  is  interrupted ; 
the  root  of  the  hair  is  raised  from  the  papilla,  becomes 
horny,  remains  almost  devoid  of  pigment,  and  is  gradu- 
ally more  and  more  lifted  upwards  from  the  surface  of 
the  papilla,  while  its  lower  bulbous  end  becomes  split 
up  like  a  brush.  The  lower  empty  part  of  the  hair- 
foUicle  becomes  smaller,  while  on  the  old  papilla  a  new 
formation  of  a  hair  begins,  the  old  hair  at  the  same  time 
falling  out  ( Unna).  According  to  Stieda,  the  old  papilla 
disappears,  while  a  new  one  is  formed  in  the  hau--follicle, 
and  from  it  the  new  hair  is  developed.  According  to 
KoUiker,  again,  both  processes  obtain. 
ci  284  THE  GLANDS  OF  THE  SKIN. —The  sebaceous 

Fig.  298.  glands  (fig.  294,  1,  T)  are  simple  acinous  glands,  which 

Section  of  a  hair-follicle  while  a  hair  open  by  a  duct  into  the  hair-foUicles  of  large  hairs  near 
is  bein-  shed.  «,  outer  and  middle  their  u^per  part ;  in  the  case  of  small  hairs  they  may 
sheatSs  o  hair-follicle;  h,  hyaline  project  from'  the  duct  of  the  gland  (fig.  299).  In  some 
membmne  ;  c,  papilla,  ^ith  a  capil-  situations,  the  ducts  of  the  glands  open  free  upon  the 
krT;  k  oute^,  ViBner  root-sheath  ;  surface,  e.g.,  the  glands  of  labia  minora  Slans,  prepuce 
f  cuticle  of  the  latter  ;  f/,  cuticle  of  (Tyson's  glands),  and  the  red  margins  of  the  hps.  ihe 
the  hair-  K  young  non-meduUated  largest  glands  occur  in  the  nose  and  in  the  labia  ;  tuey 
hair  T 'tip  of  new  hair  ;  I,  hair-  are\bsent  only  from  the  vola  manus  and  planta  pedis 
nob  of  the  .shed  hair,  with  k,  the  The  oblong  alveoli  of  the  gland  consist  o  a  ^^f"* 
Jemainder  of  the  cast-off  outer  root-  „,embrane  lined  with  small  ""f^f  J^^^^^^^ 
.heath  lar  secretory  cells  fig.  294,  t).    AV  ithm  this  are  otner 

'"'^it^lX^/iS^'ik  I.       -metimes  called  sudoriparous  glands,  consist  of  a  long 
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blind  tube  whose  lower  oml  is  arranged  in  the  form  of  a  coil  i.laced  m  the  areolar  tissue  under 
the  skin  'while  the  somewhat  smaller  upper  end  or  excretory  portion  winds  in  a  yertica  , 
sliKhtlv  wave-like  manner,  through  the  chorium,  and  in  a  cork-screw  or  spiral  manner  through 
the  euidermis  where  it  opens  with  a  free,  somewhat  trumpet-shiiped,  mouth,  ihe  glands  are 
very  — "u^  the  palm  of  the  hand,  sole  of  the  foot,  axilla,  forehead,  and  around 

the  ninnle-  few  on  the  back  of  the  trunk,  and  are  absent  on  the  glaus,  prepuce,  and  margin  of 
the  lips  The  circumanal  glands  and  the  ceriuninous  glands  of  the  external  auditory  meatus, 
and  Moil's  glands,  which  open  into  the  hair-follicles  of  the  eyelashes,  are  nioditications  of  the 

Each  o-lnn'd-tube  consists  of  a  basement  membrane  lined  by  cells  ;  the  excretory  part  or 
sweat-canal  of  the  tube  is  lined  by  several  layers  of  cubical  cells,  whose  surface  is  covered  by  a 
delicate  cuticular  layer,  a  small  central  lumen  being 
left.  Within  the  coil  the  structure  is  different.  The 
first  part  of  the  coil  resembles  the  above,  but  as  the 
coil  is  the  true  secretory  part  of  the  gland,  its  stracture 
differs  from  the  sweat-canal.  This,  the  so-called  distal 
portion  of  the  tube,  is  lined  by  a  single  layer  of  moder- 
ately tall  clear  nucleated  cylindrical  epithelium  (fig. 
294,  S),  often  containing  oil-globules.  Smooth  muscu- 
lar fibres  are  arranged  longitudinally  along  the  tube  m 
the  large  glands  (fig.  294,  S,  a).  There  is  a  distinct 
lumen  present  in  the  tube.  As  the  duct  passes  through 
the  epidermis,  it  winds  its  way  between  the  epidermal 
cells  without  any  independent  membrane  lining  it 
(HeynoM).  A  network  of  capillaries  surrounds  the 
coil.  Before  the  arteries  split  up  into  capillaries,  they 
form  a  true  rete  mirabile  around  the  coil  {Briickc).  This 
is  comparable  to  the  glomerulus  of  the  kidney,  which 
may  also  be  regarded  as  a  rete  mirabile.  Nurnerous 
nerves  pass  to  form  a  plexus,  and  terminate  in  the 
glands  {Tomsa). 

The  total  number  of  sweat-glands  is  estimated  by 
Krause  at  1h  millions,  which  gives  a  secretory  surface 
of  nearly  1800  square  metres.  These  glands  secrete 
sweat.  Nevertheless,  an  oily  or  fatty  substance  is  often 
mixed  with  the  sweat.  In  some  animals  (glands  in 
the  sole  of  the  foot  of  the  dog,  and  in  birds)  this  oily 
secretion  is  very  marked. 

Numerous  lymphatics  occur  in  the  cutis,  some  arise 
by  a  blind  end,  and  others  from  loops  within  the  papilla 
on  a  plane  lower  than  the  vascular  capillary.  [These 
open  into  more  or  less  horizontal  networks  of  tubular 
lymphatics  in  the  cutis,  and  these  again  into  the  wide 

L^^J^^^^'L"!  *5,i'l^?"^o'^!°Jl'  *i?i'l'{.„'!!!.^'l!!lT"  sebaceous  gland,  with  a  lanugo  hair.  «, 

granular  epithelium  ;  h,  rete  Malpighii 
continuous  with  a ;  c,  fatty  cells  and 
free  fat ;  d,  acini ;  c,  hair-follicle,  with 
a  small  hair,  /. 


Fig.  299. 


provided  with  valves.]  Special  lymphatic  spaces  are 
disposed  in  relation  with  the  hair-follicles  and  their 
glands  {Neumann),  [and  also  with  the  fat  [Klein).  The 
lymphatics  of  the  skin  are  readily  injected  with  Berlin 
blue  by  the  puncture  method]. 

The  blood-vessels  of  the  skin  are  arranged  in  several  systems.  There  is  a  superficial  system, 
from  which  proceed  the  capillaries  for  the  papill?e.  There  is  a  deeper  system  of  vessels  which 
supplies  special  blood-vessels  to  [a)  the  fatty  tissue  ;  (h)  the  hair-follicles,  each  of  which  has  a 
special  vascular  arrangement  of  its  own,  and  in  connection  with  this  each  sebaceous  gland 
receives  a  special  artery  ;  (c)  an  artery  goes  also  to  each  coil  of  a  sweat-gland,  where  it  forms  a 
dense  plexus  of  capillaries  ( Tomsa). 

285.  THE  SKIN  AS  A  PROTECTIVE  COVERING.— The  subcutaneous 

fatty  tissue  fills  up  the  depressions  between  adjoining  parts  of  the  body  and  covers 
projecting  parts,  so  that  a  more  rounded  appearance  of  the  body  is  thereby  ob- 
tained. It  also  acts  as  a  aoit  elastic  pad  and  protects  delicate  parts  from  external 
pressure  (sole  of  the  foot,  palm  of  the  hand),  and  it  often  surrounds  and  protects 
blood-vessels,  nerves,  &c.  It  is  a  bad  conductor  of  heat,  and  thus  acts  as  one  of 
the  factors  regulating  the  radiation  of  heat  (§  214,  II.,  4),  and,  therefore,  the 
temperature  of  the  body.  The  epidermis  and  cutis  vera  also  act  in  the  same  manner 
(§  212).    Klug  found  that  the  heat-conduction  is  less  through  the  skin  and  sub- 
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cutaneous  fatty  tissue  than  through  the  skin  alone ;  the  epidermis  conducts  heat 
less  easily  than  the  fat  and  the  choriuni. 

The  solid,  elastic,  easily  movable  cutis  affords  a  good  ]>roiection  against  external, 
mechanical  injuries;   while  the  dry,  impermeable,  horny  epidermis,  devoid  of 
nerves  and  blood-vessels,  affords  a  further  protection  against  the  absorption  of 
poisons,  and  at  the  same  time  it  is  capable  of  resisting,  to  a  certain  degree,  thermal 
and  oven  chemical  actions.    A  thin  layer  of  fatty  matter  protects  the  free  surface  of 
the  epidermis  from  the  macerating  action  of  fluids,  and  from  the  disintegrating 
action  of  the  air.    The  epidermis  is  important  in  connection  with  the  fluids  of  the 
body.    It  exerts  pressure  upon  the  cutaneous  capillaries,  and,  to  a  limited  extent, 
prevents  too  great  diffusion  of  fluid  from  the  cutaneous  vessels.    Parts  oi  the  skin 
devoid  of  epidermis  are  red  and  always  moist.    When  dry,  the  epidermis  and  the 
epidermal  appendages  are  bad  conductors  of  electricity  (§  326).    Lastly,  the  exist- 
ence of  uninjured  epidermis  prevents  adjoining  parts  from  growing  together. 

As  the  epidermis  is  but  slightly  extensile  it  is  stretched  over  the  folds  and  papillae  of  the  cutis 
vera,  which  becomes  level  when  the  skin  is  stretched,  and  the  papilljB  may  even  disappear  with 
strong  tension  (Lewinsici). 

286  CUTANEOUS  EESPIRATION:  SEBUM— SWEAT.— The  skin,  with  a 
surface  of  more  than  11  square  metre,  has  the  following  secretory  functions  :— 

1.  The  respiratory  excretion ; 

2.  The  secretion  of  sebaceous  matter ;  and 

3.  The  secretion  of  sweat.  .  ,  ,  i 
[Besides  this  the  skin  is  protective,  contains  sense-organs,  is  largely  concerned 

in  regulating  the  temperature,  and  may  be  concerned  in  absorption.] 

1  ReBpiration  by  the  skin  has  been  referred  to  (§  131).  The  organs  concerned  are  the  tubes 
of  the  sweat-glands,  moistened  as  they  are  with  fluids,  and  surrounded  hj  a  rich  network  of 
capillaries.  It  is  uncertain  whether  or  not  the  skin  gives  off  a  small  amount  of  N  or  ammonia. 
Rbhri-  made  experiments  upon  an  arm  placed  in  an  air-tight  metal  box.  According  to  him 
fhe  amount  of  CO.,  and  HoO  excreted  is  subject  to  certain  daily  variations  ;  it  is  increased  by 
digestion,  increased  tempei-ature  of  the  surroundings,  the  application  o  cutaneous  stininli,  ami 
bv  imped  ug  the  pulmonary  respiration.  The  exchange  of  gases  also  depends  upon  the  vascu- 
larity of  certain  parts  of  the  skin,  while  the  cutaneous  absorption  of  0  also  depends  upon  the 
number  of  coloured  corpuscles  in  the  blood.  . ,      ■    .  i  4. 

S  frogs  and  other  amphibians,  with  a  thin,  always  moist  epidermis,  the  cutaneous  respir- 
ation J  more  considerable  than  in  warm-blooded  animals.  In  winter,  m  frogs  the  skin  alone 
Selds  i  of  the  total  amount  of  CO.,  excreted  ;  in  summer,  f  of  the  same  {Bidder) ;  thus,  in 
these  animals  it  is  a  more  important  respiratory  organ  than  the  lungs  themselves.  • 

Suppression  of  the  cutaneous  activity  by  varnishing  or  dipping  the  skin  in  o^l-  <;-^«^^ 
by  asphyxia  (frogs)  sooner  than  ligature  of  the  lungs,    yamishmg  the  Skm.-men  the  sU^^ 
of- a  warm-bloode°l  animal  is  covered  with  an  impermeable  varnish  [such  as  gelatin]  iFma  cmiU, 
Rrcouerd  Brecliet)  death  occurs  after  a  time,  probably  owing  to  the  loss  of  too  much  heat. 
S  formation  of  cryLlline  ammonio-magnesic  phosphate  in  the  cutaneous  tissue  of  such 
at^mals^Silfis  not  sufficient  to  account  for  death,  nor  are  congestion  of  internal 
7^^\it  sZ..  effisions  satisfactory  explanations.    The  retention  of  the  volatile  subst^^^^^^ 
facids)  present  in  the  sweat  is  not  sufficient.    Strong  animals  live  longer  than  feeble  ones  , 
horses  die  after  several  days  [Gcrlach)  ;  they  shiver  and  lose  flesh.    The  larger  the  cutaneous 
See  left  unvarnf^^^      the  later  does  death  take  place.    Rabbits  die  when  I  of  their  surface 
L  vaSistd     When  the  entire  surface  of  the  animal  is  varnished,  the  temperature  rapidly 
fans  to  iri,  the  pulse  and  respirations  vary  ;  usually  they  fall  when  the  varnishing  p^^^^^^^ 
UmitPfl  •  increased  frequency  of  respiration  has  been  observed  (§  225).    Figt.,  clogs,  noises,  wnen 
or-halt^t  t^^^^^^^^^^^^  exhibit  only  a  ten.poi^ry.fall  of  the  te^f  ure^d  sho. 

=;m,«  r,f  weakness  but  do  not  die  (EUenhergcr  and  HofmeisUr).  [In  extensn e  burns_  ot  tnc 
sWn  ?ot  oiUy  rtheredi.sintegration  of  the  coloured  blood-corpuscles  {v.  Lesser)  hnt  m  sorno 
cases  £1^  oLurTn  t^  duodeVm.  The  cause  of  the  ulceration,  however,  has  not  been  ascer- 
tained .satisfactorily  (Curling).]  ■  •  t 
2.  Sebaceous  Secretion.-The  fatty  matter  as  it  is  excreted  from  the  acini  ot 
thP  =!ebaceous  dands  is  fluid,  but  even  within  the  excretory  duct  of  the  giaucl  it 
Lgnat  and  Us  a  white  fat-like  mass,  which  J-Y  sometimes  be  expre^^^^^ 
the  side  of  the  nose)  as  a  worm-like  white  body,  the  so-called  comedo,  ilie 
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sebaceous  matter  keeps  the  skin  supple,  and  prevents  the  hair  from  becoming  too 
dry  Microscopically,  the  secretion  is  seen  to  contain  innumerable  fatty  granules, 
a  few  "land-cells  filled  with  fat,  visible  after  the  addition  of  caustic  soda,  crystals 
of  chofesterin,  and  in  some  men  a  microscopic  mite-like  auimal  (Demodex  folli- 
culorum). 

Chemical  Composition. —The  constituents  are  for  the  most  jiait  fatty;  chiefly  oZtfZfi  (fluid) 
and  valmitin  (solid)  fat,  soaps,  and  some  cholesterin  ;  a  small  amount  of  albumin  and  unknown 
extractives.  Amongst  the  inorganic  constituents,  the  insoluble  earthy  phosphates  are  most 
abundant ;'  while  the  alkaline  chlorides  and  phosphates  are  less  abundant. 

The  vernix  caseosa,  which  covers  the  skin  of  a  new-born  child,  is  a  greasy  mixture  of  seba- 
ceous matter  and  macerated  epidermal  cells  (containiug  47-5  per  cent.  fat).  A  similar  product 
is  the  smegma  prajputialis  (52-8  per  cent,  fat),  in  which  an  ammonia  soap  is  present. 

The  cerumen  or  ear-wax  is  a  mixture  of  the  secretions  of  the  ceruminous  glands  of  the  ear 
(similar  in  stnicture  to  the  sweat-glands)  and  the  sebaceous  glands  of  the  auditory  canal.  Besides 
the  constituents  of  sebum,  it  contains  yellow  or  brownish  particles,  a  bitter  yellow  extractive 
substance  derived  from  the  ceruminous  glands,  potash  soaps,  and  a  special  fat.  The  secretion 
of  the  Meibomian  glands  is  sebum.  ,i         i.  , 

[Lanoline.— Liebreich  finds  in  feathers,  hairs,  wool,  and  keratin-tissues  generally,  a  choles- 
terin fat,  which  however  is  not  a  true  fat,  although  it  saponifies,  but  an  ethereal  compound  of 
certain  fattv  acids  with  cholesterin.  In  commerce  it  is  obtained  from  wool,  and  is  known  by 
the  above  name;  it  forms  an  admirable  basis  for  ointments,  and  it  is  very  readily  absorbed  by 
the  skin.]  Thus,  the  fat-like  substance  for  protecting  the  epidermis  is  partly  formed  along 
with  keratin  in  the  epidermis  itself. 

3.  The  Sweat. — The  sweat  is  secreted  in  the  coil  of  the  sweat-glands.  As  long 
as  the  secretion  is  small  in  amount,  the  water  secreted  is  evaporated  at  once  from 
the  skin  along  with  the  volatile  constituents  of  sweat ;  as  soon,  however,  as  the 
secretion  is  increased,  or  evaporation  is  prevented,  drops  of  sweat  appear  on  the 
surface  of  the  skin.  The  former  is  called  insensible  perspiration,  and  the  latter 
sensible  perspiration.  [Broadly,  the  quantity  is  about  2  lbs.  in  twenty-four 
hours.] 

The  sensible  perspiration  varies  greatlv ;  as  a  rule,  the  right  side  of  the  body  perspires  more 
freely  than  the  left.  The  palms  of  the  "hands  secrete  most,  then  follow  the  soles  of  the  feet, 
cheek,  breast,  upper  arm,  and  fore-arm  {Peipcr).  It  falls  from  morning  to  mid-day,  and  rises 
again  towards  evening,  reaching  its  maximum  before  midnight.  Much  moisture  and  cold  in 
the  surrounding  atmosphere  diminish  it,  and  so  does  diuresis.  In  children,  the  insensible  per- 
spiration is  relatively  great.    The  drinking  of  water  favours  it,  alcohol  diminishes  it  {H.  Schmid). 

Method.  — Sweat  is  obtained  from  a  man  by  placing  him  in  a  metallic  vessel  in  a  warm  bath ; 
the  sweat  is  rapidly  secreted  and  collected  in  the  vessel.  In  this  way  Favrc  collected  2560 
grammes  of  sweat  in  1^  hour.  An  arm  may  be  inclosed  in  a  cylindrical  vessel,  which  is  fixed 
air-tight  round  the  arm  with  an  elastic  bandage  (ScJiottin). 

Amongst  animals,  the  horse  .sweats,  so  does  the  ox,  but  to  a  less  extent ;  the  vola  and  plauta 
of  apes,  cats,  and  the  hedgehog  secrete  sweat  ;  the  snout  of  the  pig  sweats  (?),  while  the  goat, 
rabbit,  rat,  mouse,  and  dog  are  said  not  to  sweat  (Luchsingcr).  [The  skin  over  the  body  and 
the  pad  on  the  dog's  foot  contain  numerous  sweat-glands,  which  open  free  on  the  surface  of  the 
pad  and  into  the  hair-follicles  on  the  general  surface  of  the  skin  (  TV.  Stirling).] 

Microscopically. — The  sweat  contains  only  a  few  epidermal  scales  accidentally  mixed  with  it, 
■and  fine  fatty  gi-anules  from  the  sebaceous  glands. 

Chemical  Composition. — Its  reaction  is  alkaline,  although  it  frequently  is  acid, 
owing  to  the  admixture  of  fatty  acids  from  decomposed  sebum.  During  profuse 
secretion  it  becomes  neutral,  and  lastly  alkaline  again  [Triimpy  and  Luchsinger). 
The  sweat  is  colourless,  slightly  turbid,  of  a  saltish  taste,  and  has  a  characteristic 
odour  varying  in  different  parts  of  the  body  ;  the  odour  is  due  to  the  presence  of 
volatile  fatty  acids.  The  constituents  are  ivater,  which  is  increased  by  copious 
draughts  of  that  fluid,  and  solids,  which  amount  to  1-180  per  cent.  (0-70  to  2-66  per 
■cent. — Fimke),  and  of  these  0"96  per  cent,  is  organic  and0"33  inorganic.  Amongst 
the  organic  constituents  are  neutral  fats  (palmitin,  stearin),  also  present  in  the 
sweat  of  the  palm  of  the  hand,  which  contains  no  sebaceous  glands,  cholesterin, 
mlaiile  fatty  acids  (chiefly  formic,  acetic,  butyric,  propionic,  caproic,  capric  acids), 
varying  qualitatively  and  quantitatively  in  different  parts  of  the  body. — These 
acids  are  most  abundant  in  the  sweat  first  (acid)  secreted.    There  are  also  traces 
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of  albumin  (similar  to  casein)  and  urea,  about  O'l  per  cent.  In  urasmic  condition.s 
(anuria  in  cholera)  urea  has  been  found  crystallised  on  the  skin.  When  the 
secretion  of  sweat  is  greatly  increased,  the  amount  of  urea  in  the  urine  is  diminished, 
both  in  health  and  in  uriBmia  (Lnibe).  The  nature  of  the  reddish-yellow  pigment, 
which  is  extracted  from  the  residue  of  sweat  by  alcohol,  and  coloured  green  by 
oxalic  acid,  is  unknown.  Amongst  inorganic  constituents,  those  that  are  easily 
soluble  are  more  abundant  than  those  that  are  soluble  with  difficulty,  in  the  pro- 
portion of  17  to  1  ;  sodium  chloride,  0-2  ;  ijotassium  chloride,  0-2  ;  sulphates,  0-01 
per  1000,  together  with  traces  of  earthy  phosphates  and  sodium  phosphate.  Sweat 
contains  COg  in  a  state  of  absorption  and  some  N.  When  decomposed  with  free 
access  of  air,"it  yields  ammonia  salts  (Gorttjj-Besanez). 

Excretion  of  Substances. —Some  substances  when  introduced  into  the  body  reappear  in  the 
sweat— benzoic,  cinnamic,  tartaric,  and  succinic  acids  are  readily  excreted  ;  (luinine  and  potassic 
iodide  with  more  difficulty.  Mercuric  chloride,  arsenious  and  arsenic  acids,  sodium  and 
potassium  arseniate  have  also  been  found.  After  taking  arseniate  of  iron,  arsenious  acid  has 
been  found  in  the  sweat,  and  iron  in  the  urine.  Mercury  iodide  reappears  as  a  chloride  in  the 
sweat,  while  the  iodine  occurs  in  the  saliva. 

Formation  of  Pigments.— The  leucocytes  furnisli  the  material,  and  the  pigment 
is  deposited  in  granules  in  the  deeper  layers,  and,  to  a  less  extent,  in  the  upper 
layers,  of  the  rete  Malpighii.  This  occurs  in  the  folds  around  the  anus,  scrotum, 
nipple,  [especially  during  pregnancy],  and  everywhere  in  the  coloured  races,  ibere 
is  a  diffuse,  whitish-yellow  pigment  in  the  stratum  corneum,  which  becomes  darker 
in  old  a^e  The  pigmentation  depends  on  chemical  processes,  reduction  taking 
place,  and  these  processes  are  aided  by  light.  Granular  pigment  lies  also  in  the 
layers  of  prickle  cells.  The  dark  coloration  of  the  skin  may  be  arrested  by  free  O 
[hydric  peroxide],  while  the  corneous  change  is  prevented  at  the  same  time 

^^IftLgical.-To  this  belongs  the  formation  of  liver  spots  or  cholasma  freckles,  and  the 
pigmentation  of  Addison's  disease,  []ngmentation  round  old  "^^^^'^A^^^ig,  ^^l'  JX^^^ 
curious  cases  of  pigmentation,  especially  in  neurotic  women,  e.g.,  m  the  eyelids,  deserve  furthei 
study  in  relation  to  the  part  played  by  the  nervous  system  m  this  process.] 

287  INFLUENCE  OF  NERVES  ON  THE  SECRETION  OF  SWEAT.- 

The  secretion  of  the  skin,  which  averages  about  ^  of  the  body-weight  about 
double  the  amount  of  water  excreted  by  the  lungs,  may  be  increased  ^  ^i^"^^^^^- 
The  liability  to  perspire  varies  much  in  different  individuals.    The  following  con- 
ditions influence  thi  secretion-1.  Increased  temperature  of  the  Burround^gs 
causes  the  skin  to  become  red,  while  there  is  a  profuse  secretion  of  sweat  .14, 
cause  the^sL      ^^^^     ^  ^empLrature  of  the  skin  about  50=  C,  arrests  the  secretion 
2  "a  very  wktery  condition  of  the  blood,  e.g.,  after  copious  draughts  of  warm 
;ater,  increases  the  secretion.    Increased  cardiac  and  vascular  activity  wbereby 
the  blood-pressure  within  the  cutaneous  capillaries  is  --eased,  have  a  similar  ffect 
increased  sweating  follows  increased  muscular  activity.    3.  Certain  drugs  favour 
sweating,  e.g.,  pik,carpin,  Calabar  bean,  strychnin,  picrotoxin,  muscarin,  nico tin 
iZh^  ammoL  compounds;  while  others,  as  atropin  and  morphia,  in  large  doses 
dtminish  or  paralyse  the  secretion.    [Drugs  which  excite  copous     l^f P^^^*  ^'^^  J 
Sit  stands  as  beads  of  sweat  on  the  skin,  are  called  sudorifics,  while  t^ose  that 
exc  te  the  secretion  gently  are  diaphoretics,  the  difference  being  one  of  degree 
Tho  e  drugs  which  lelsen  the  secretion  are  called  antihydrotics.]    4.  It  is  in  port- 
ant  to  notice  the  antagomsm  which  exists,  probably  upon  /mechanical  grounds 
between  the  secretion  of  sweat,  the  urinary  secretion  and  the  ^v^^'^-tion  stools 
inte^tTne     Thus  copious  secretion  of  urine  {e.g.,  in  diabetes)  and  .^^atery  stools 
ofndde  witl  dryniss  of  the  skin.  .     the  secretion  of  ^.at  be  i^^^^^^^^^ 
nercentacre  of  salts,  urea,  and  albumin  is  also  increased,  whi  st  tlie  ot*^^;  ^[fe'' 
EtancS  are  diminished.    The.  more  -turated  the  air  is  wi  h^^^^^^^ 
sooner  does  the  secretion  appear  in  drops  upon  the  skin,  while  in  dry  air 
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motion,  owing  to  the  rapid  evaporation,  the  formation  of  drops  of  sweat  is  prevented, 
or  at  least  retarded.  [The  complementary  relation  between  the  skin  and  kidneys 
is  well  known.  In  summer,  when  the  skin  is  active,  the  kidneys  separate  less 
water  ;  in  winter,  when  the  skin  is  less  active,  it  is  cold  and  comjjaratively 
bloodless,  while  the  kidneys  excrete  more  water,  so  that  the  action  of  these  two 
organs  is  in  inverse  ratio.] 

The  influence  of  nerves  upon  the  secretion  of  sweat  is  very  marked. 

I.  Just  as  in  the  secretion  of  saliva  (§  145),  vaso  motor  nerves  are  usually  in 
action  at  the  same  time  as  the  proper  secretory  nerves  ;  the  vaso-dilator  nerves 
(sweating  with  a  red  congested  skin)  are  most  frequently  involved.  The  fact  that 
secretion  of  sweat  does  occasionally  take  place  when  the  skin  is  jxde  (fear,  death- 
afony)  shows  that,  when  the  vaso-motor  nerves  are  excited,  so  as  to  constrict  the 
cutaneous  blood-vessels,  the  sweat-secretory  nerve-fibres  may  also  be  active. 

Under  certain  circumstances,  the  amount  of  blood  in  the  skin  seems  to  determine  the 
occurrence  of  sweating ;  thus,  Dupuy  found  that  section  of  the  cervical  sympathetic  caused 
secretion  on  that  side 'of  the  neck  of  a  horse;  while  Nitzelnadel  found  that  percutaneous 
electrical  stimulation  of  the  cervical  sympathetic  in  man,  limited  the  sweating. 

[We  may  draw  a  parallel  between  the  secretion  of  saliva  and  that  of  sweat.  Both  are  formed 
in  fflands  derived  from  the  outer  layer  of  the  embryo.  Both  secretions  are  formed  from  lymph 
supplied  by  the  blood-stream,  and  if  the  lymph  be  in  sufficient  quantity,  secretion  may  take 
place  when  there  is  no  circulation,  although  in  both  cases  secretion  is  most  lively  wlien  the 
circulation  is  most  active  and  the  secretory  nerves  of  both  are  excited  simultaneously  ;  both 
glands  have  secretory  nerves  distinct  from  the  nerves  of  the  blood-vessels;  both  glands  may  be 
paralysed  by  the  action  of  the  nervous  system,  or  in  disease  (fever),  or  conversely,  both  are 
paralysed  by  atropine  and  excited  by  other  drug.s,  e.g.,  pilocarpiu.  In  the  gland  cells  of  both, 
histological  changes  accompany  the  secretory  act,  and  no  doubt  similar  electromotor  pheno- 
mena occur  in  both  glands.] 

II.  Secretory  nerves,  altogether  independent  of  the  circulation,  control  the 
secretion  of  sweat.  Stimulation  of  these  nerves,  even  in  a  limb  which  has  been 
amputated  in  a  kitten,  causes  a  temporary  secretion  of  sweat,  i.e.,  after  coniplete 
arrest  of  the  circulation  {Goltz,  Kendall  and  Luchsinger,  Ostroumow).  In  the  intact 
condition  of  the  body,  however,  profuse  perspiration,  at  all  events,  is  always 
associated  with  simultaneous  dilatation  of  the  blood-vessels  (just  as,  in  stimulation 
of  the  facial  nerve,  an  increased  secretion  of  saliva  is  associated  with  an  increased 
blood-stream — §  145,  A,  I.).  The  secretory  nerves  and  those  for  the  blood-vessels 
seem  to  lie  in  the  same  nerve-trunks. 

The  secretory  nerves  for  the  hind  limts  (cat)  lie  in  the  sciatic  nerve.  Luch- 
singer found  that  stimulation  of  the  peripheral  end  of  this  nerve  caused  renewed 
secretion  of  sweat  for  a  period  of  half  an  hour,  provided  the  foot  was  always  wiped 
to  remove  the  sweat  already  formed.  If  a  kitten,  whose  sciatic  nerve  is  divided  on 
one  side,  be  placed  in  a  chamber  filled  with  heated  air,  all  the  three  intact  limbs 
soon  begin  to  sweat,  but  the  limb  whose  nerve  is  divided  does  not,  nor  does  it  do 
so  when  the  veins  of  the  limb  are  ligatured  so  as  to  produce  congestion  of  its 
blood-vessels.  [The  cat  sweats  only  on  the  hairless  soles  of  the  feet.]  As  to  the 
course  of  the  secretory  fibres  to  the  sciatic  nerve,  some  pass  directly  from  the 
spinal  cord  {Vulpian),  some  pass  into  the  abdominal  sympathetic  [Luchsinger, 
Nawrocki,  Ostroumow),  through  the  rami  communicantes  and  the  anterior  spinal 
roots  from  the  upper  lumbar  and  lower  dorsal  spinal  cord  (9th  to  13th  dorsal 
vertebrae — cat),  where  the  sweat-centre  for  the  lower  limbs  is  situated. 

The  sweat-centre  may  be  excited  directly  : — (1)  By  a  highly  venous  condition 
of  the  blood,  as  during  dyspnoea,  e.g.,  the  secretion  of  sweat  that  sometimes  pre- 
cedes death  ;  (2)  by  overheated  blood  (45°  C.)  streaming  through  the  centre ;  (3) 
by  certain  poisons  (see  p.  446).  The  centre  may  be  also  excited  reflexly,  although 
the  results  are  variable,  e.g.,  stimulation  of  the  crural  and  peroneal  nerves,  as  well 
as  the  central  end  of  the  opposite  sciatic  nerve,  excites  it.  [The  pungency  of 
mustard  in  the  mouth  may  excite  free  perspiration  on  the  face.] 


448  PATHOLOGICAL  VAEIATIONS, 

Anterior  Extremity. — The  secretory  fibres  lie  in  the  ulnar  and  median  nerves, 
for  the  fore-linibs  of  the  cat ;  most  of  them,  or  indeed  all  of  them  {NawrocU),  pass 
into  the  thoracic  sympathetic  (Ggl.  stellatum),  and  part  0)  run  in  the  nerve-roots 
direct  from  the  spinal  cord  {Luchsinger,  Vtdpiun,  Ott).  A  similar  sweat-centre 
for  the  upper  limbs  lies  in  the  lower  part  of  the  cervical  spinal  cord.  Stmiulation 
of  the  central  ends  of  the  brachial  plexus  causes  a  reflex  secretion  of  sweat  upon 
the  foot  of  the  other  side  (Adamkiewkz).    At  the  same  time  the  hind  feet  also 

perspire.  ,  ,      •   ,  , 

Pathological.— Desuneration  of  the  motor  ganglia  of  the  anterior  horns  of  the  spinal  cord 
causes  loss  of  the  secietion  of  sweat,  in  addition  to  paralysis  of  the  voluntary  muscles  of  the 
trunk.  The  perspiration  is  increased  in  paralysed  as  well  as  in  ccdematous  limhs.  In  nephritis, 
there  are  great  variations  in  the  amount  of  water  given  off  by  the  skin. 

Head.— The  secretory  fibres  for  this  part  (horse,  man,  snout  of  pig)  he  in  the 
thoracic  sympathetic,  pass  into  the  ganglion  stellatum,  and  ascend  in  the  cervical 
sympathetic.  Percutaneous  electrical  stimulation  of  the  cervical  sympathetic  m 
inan  causes  sweating  of  that  side  of  the  face  and  of  the  arm  {M.  Mtyer).  In  the 
cephalic  portion  of  the  sympathetic,  some  of  the  fibres  pass  into  or  become  applied 
to  the  branches  of  the  trigeminus,  which  explains  why  stimulation  of  the  intra- 
orbital nerve  causes  secretion  of  sweat.  Some  fibres,  however,  arise  directly  from 
the  roots  of  the  trigeminus  (LucJmnger),  and  the  facial  {F^^Zp^cm,  AdamJciemcz). 
Undoubtedly  the  cerebrum  has  a  direct  effect  either  upon  the  vaso-motor  nerves 
(p.  447,  I.)  or  upon  the  sweat-secretory  fibres  (II.),  as  in  the  sweatmg  produced  by 
psychical  excitement  (pain,  fear,  &c.).  . 

^  idamkiewicz  and  Senator  found  that,  in  a  man  -f-"?  ^^^^^^^^^^^  '''''' 
the  cortex  cerebri  for  the  arm,  there  were  spasms  and  perspiration  in  the  arm. 

Sweat.Centre.-According  to  Adamkiewicz,  the  medulla  oblongata  contains  the 
dominating  sweat-centre  (§  373).  When  this  centre  is  stimulated  m  a  c^  aU 
the  four  felt  sweat,  even  three-quarters  of  an  hour  af  er  death 

Ill  The  nerve-fibres  which  terminate  in  the  smooth  muscular  fibres  of  tlie  sweat- 

This  observation  coincides  with  the  Pl^^^nomeaon  of  d  yness  of  the^^ 

Dieffenbach  found  that  transplanted  portions  of  f  ^^.^^f.'i^g^^  *Ve  ^timX^^^  sweat  appears 
was  restored.    If  a  motor  nerve  (t^^ial,  mej^^^^  anHlso  upoHhe 

on  the  skin  over  the  muscular  area  ^d  by  the  .^^^'i^^^^"^^?  ^l^en  the  circulation  is 

of  the  opposite  non-stimulated  side  of  the  body  ^stimi^^^^^^^     of  the  skin  always  cause 

arrested  as  well  as  when  it  is  ac  ive.    Sensory  and  sweating  is  inde- 

a  bilateral  reflex  secretion  independently  of  the  circulation,    ihe  aiea 

pendent  of  the  part  of  the  skin  stimulated.  _        ^;^^r,„Hnn  of  the  secretion  of 

-DArrTrnT nrxr AT,  VACATIONS  1.  Amdrosis  or  drminution  oi  tue  secieuuu  ui 

nutr-ition  of  the  skin  n  some  nervous  '^fjf  '  ^^'-'^ ^'^.^oS  .  /  ?n  unilateral  atrophy  of  the 
T^SS:;tS£:r£lSon  of  occu. 

consequence  of  the  irritation  of  the  nerves  <§f„S)'£-\,Srrnd^^^^^      and  the  so- 

debilitated  conditions  and  in  the  ^'Zt^^T^iLZ^^l  confined  to  one  side  of  the  hmd 
called  epileptoid  sweats  {Eahnburg).  S°metimes  the  i  cic^^^^^^  ^^j^'^'^^gr^^ous  phenomena,  partly 
(H.  unilateralis).    This  condition  is  °ften  accompam^^^^  uei        i  ^^^^^^^^ 

with  the  symptoms  of  para  ysis  of  the  f^^;y''=f],,^^y^|  exophthalmos).    It  may 

"  nStiieats  "  of  phthlBis  m  vor,  .<.ai  k»l  .ml  .\l..grcc»l>k.  1 
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3.  Paridi-osis  or  qualitative  changes  in  tho  secretion  of  swtat,  e.g.,  the  rare  case  o(  "  svjeating 
of  blood  "  (haamatohidi-osis),  is  sometiilics^  unilateral.  According  to  Hebra,  in  some  cases  this 
condition  represents  a  vicarious  form  of  menstruation.  It  is,  liowever,  usually  one  of  many 
phenomena  of  nervous  all'ections.  Bloody  sweat  sometimes  occurs  in  yellow  fever.  Bile- 
pigments  have  been  found  in  the  sweat  in  jaundice ;  blue  sweat  from  indigo  (Bizio),  from 
pyocyanin  (the  rare  blue  colouring-matter  of  pus),  or  from  ]ihosphate  of  the  oxide  of  iron  {Osc. 
Kollmann)  is  extremely  rare.  Such  coloured  sweats  are  called  chromidrosis.  Numerous  micro- 
organisms (which,  however,  are  innocuous)  live  between  the  epidermal  scales  and  on  the  hairs, 
two  varieties  of  Saccharomycetes  ;  in  cutaneous  folds  Leptothrix  epidermalis,  various  Schizo- 
niycetes,  and  five  Icinds  of  Micrococci ;  and  between  the  toes — Bacterium  graveoleus  {BordonU 
Uffrcduzzi),  which  causes  the  odour  of  the  sweat  of  the  feet.  Micro-organisms  are  also  the 
cause  of  yellow,  blue,  and  red  sw-eat ;  tho  last  is  due  to  Micrococcus  haematodes. 

Gh-apc-mgar  occurs  in  the  sweat  in  diabetes  mellitus  ;  uric  acid  and  cystin  very  rarely  ;  and 
in  the  sweat  of  stinking  feet,  leucin,  tyrosin,  valerianic  acid,  and  ammonia.  Stinking  sweat 
(bromidi'osis)  is  due  to  the  decomposition  of  the  sweat,  from  the  presence  of  a  special  micro- 
organism (Bacterium  foetidum — Thin).  In  the  sweating  stage  of  ague  butyrate  of  lime  has  been 
found,  while  in  the  sticky  sweat  of  acute  articular  rheumatism  there  is.more  albumin  {Ansehnino), 
and  the  same  is  the  case  iu  artificial  sweating  {Leube) ;  lactic  acid  is  present  in  the  sweat  in 
puerperal  fever. 

The  sebaceous  secretion  is  sometimes  increased,  constituting  seborrlioea,  which  may  be  local 
or  general.  It  may  be  diminished  (Asteatosis  cutis).  The  sebaceous  glands  degenerate  in  old 
people,  and  hence  the  glancing  of  the  skin  (Bemy).  If  the  ducts  of  the  glands  are  occluded  the 
sebum  accumulates.  Sometimes  the  duct  is  occluded  by  black  particles  or  ultramarine  {Unna) 
from  the  blue  used  in  colouring  the  linen.  "When  pressed  out,  the  fatty  worm-shaped  secretion 
is  called  "  comedo." 

289.  CUTANEOUS  ABSORPTION— GALVANIC  CONDUCTION. —After  long  immersion  in 
water  the  superficial  layers  of  the  epidermis  become  moist  and  swell  up.  The  skin  is  unable  to 
absorb  any  substances,  either  salts  or  vegetable  poisons,  from  watery  solutions  of  these.  This 
is  due  to  the  fat  normally  present  on  the  epidermis  and  in  the  pores  of  the  skin.  If  the  fat  be 
removed  from  the  skin  by  alcohol,  ether,  or  chloroform,  absorption  may  occur  in  a  few  minutes 
{Parisot).  According  to  Eohrig,  all  volatile  substances,  e.g.,  carbolic  acid  and  others,  which 
act  upon  and  corrode  the  epidermis,  are  capable  of  absorption.  While  according  to  Juhl,  such 
watery-  solutions  as  impinge  on  the  skin,  . in  a  finely  divided  spray,  are  also  capable  of  absorption, 
which  very  probably  takes  place  through  the  interstices  of  the  epidermis. 

[Inunction. — When  ointments  are  rubbed  into  the  skin  so  as  to  press  the  substance  into  the 
pores,  absorption  occurs,  e.g.,  potassium  iodide  in  an  ointment  so  rubbed  in  is  absorbed,  so  is 
mercurial  ointment.  V.  Voit  found  globules  of  mercury  between  the  layers  of  the  epidermis, 
and  even  in  the  chorium  of  a  person  who  was  executed,  into  whose  skin  mercurial  ointment  had 
been  previously  rubbed.  The  mercury  globules,  in  cases  of  mercurial  inunction,  pass  into  the 
hair-follicles  and  ducts  of  the  glands,  where  they  are  affected  by  the  secretion  of  the  glands  and 
transformed  into  a  compound  capable  of  absorption.  An  abraded  or  inflamed  surface  {e.g.,  after 
a  blister),  where  the  epidermis  is  removed,  absorbs  very  rapidly,  just  like  the  surface  of  a  wound 
(Endermic  method).] 

[Drugs  may  be  applied  locally  where  the  epidermis  is  intact — epidermic  method— as  when 
drugs  which  affect  the  sensory  nerves  of  a  part  are  painted  over  a  painful  area  to  diminish  the 
pain.  Another  method,  the  hypodermic,  now  largely  used,  is  that  of  injecting,  by  means  of  a 
hypodermic  syringe,  a  non-corrosive,  non-irritant '  drug,  in  solution,  into  the  subcutaneous 
tissue,  where  it  practically  passes  into  the  lymph  spaces  and  comes  into  direct  relation  with 
the  lymph-  and  blood-stream  ;  absorption  takes  place  with  great  rapidity,  even  more  so  thau 
from  the  stomach.] 

Gases.— Under  normal  conditions,  minute  traces  of  0  are  absorbed  from  the  air;  hydrocyanic 
acid,  sulphuretted  hydrogen— CO,  CO.^,  the  vapour  of  chloroform  and  ether  may  be  absorbed 
{Ohaussier,  Gerlach,  Eohrig).  In  a  bath  containing  sulphuretted  hydrogen,  this  gas  is  absorbed, 
while  COj  js  given  off  into  the  water  (Bohrig). 

Absorption  of  watery  solutions  takes  place  rapidly  through  the  skin  of  the  frog  {Guitmann, 
Jr.  Stirling,  v.  Wiltich).  Even  after  the  circulation  is  excluded  and  the  central  nervous  system 
destroyed,  much  water  i.s  absorbed  through  the  skiu  of  the  frog,  but  not  to  such  an  extent  as 
when  the  circulation  is  intact  [Spina). 

Galvanic  Conduction  through  the  Skin.— If  the  two  electrodes  of  a  constant  current  be  im- 
pregnated with  a  watery  solution  of  certain  substances  and  applied  to  the  skin,  and  if  the 
direction  of  the  current  be  changed  from  time  to  time,  strychnin  may  be  caused  to  pass  through 
the  skin  of  a  rabbit  in  a  few  minutes,  and  that  in  sufficient  amount  to  kill  the  animal  [H.  Miuik). 
In  man,  quinine  and  potassium  iodide  have  been  introduced  into  the  body  in  this  way,  and 
their  presence  detected  in  the  urine.  This  process  is  called  the  cataphoric  action  of  the  con- 
stant current  (§  328). 

290,  COMPARATIVE-HISTORICAL.— In  all  vertebrates,  the  skin  consists  of  chorium 
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and  epidermis.    In  some  reptiles,  the  ei)iilermis  becomes  horny,  and  forms  large  plates  or  scales. 
Similar  structures  occur  iu  the  odcutata  among  manimals.    The  epidermal  appendages  assume 
various  forms— such  as  hair,  nail,  spines,  bristles,  leathers,  claws,  lioof,  liorns,  spurs,  &c.  The 
scales  of  some  fishes  are  partly  osseous  structures.    Many  glands  occur  m  the  skin ;  lu  some 
amphibia  they  secrete  mucus,  in  others  the  secretion  is  poisonous.    Snakes  and  tortoises  are 
devoid  of  cutaneous  glands;  in  lizards  the  "leg-glands"  extend  from  the  anus  to  the  bend  of 
the  knee     In  the  crocodile,  the  glands  open  under  the  margins  of  tlie  cutaneo-osseous  scales. 
In  birds  the  cutaneous  glands  are  absent;  the  "coccygeal  glands"  form  an  oily  secretion  lor 
lubricating  the  feathers.    [This  is  denied  by  0.  Liebreich,  as  he  finds  no  cholesterin-fats  m 
their  secretion.]    The  civet  yland.s,  at  the  anus  of  the  civet  eat,  the  preputial  glands  of  the  musk 
deer,  the  glands  of  the  hare,  and  the  pedal  glands  of  ruminants,  are  really  greatly  developed 
sebaceous  glands.    In  some  invertebrata,  the  skin,  consisting  of  eiiidermis  and  chonum,  is 
intimately  united  with  the  subjacent  muscles,  forming  a  musculo-cutaneous  tube  for  the  body 
of  the  animal.    The  cephalopoda  have  chromatophores  in  their  skm,  i.e.,  round  or  irregular 
spaces  filled  with  coloured  granules.    Muscular  fibres  are  arranged  radially  around  these  spaces, 
so  that  when  these  muscles  contract  the  coloured  surface  is  increased,    fhe  change  of  colour  in 
these  animals  is  due  to  the  play  or  contraction  of  these  muscles  {BriicJcc).    Special  glands  are 
concerned  in  the  production  of  the  shell  of  the  snail.     The  annulosa  are  covered  with  a  cljitin- 
ous  investment,  which  is  continued  for  a  certain  distance  along  the  digestive  tract  and  the 
tracheie.    It  is  throwi  off  when  the  animal  sheds  its  covering.    It  not  only  protects  the  animal, 
but  it  forms  a  structure  for  the  attachment  of  muscles.    In  eclunodermata,  the  cutaneous 
covering  contains  calcareous  masses;  in  the  holothurians,  the  calcareous  structures  assume  the 

'"""^^LSr^^^  (born  460  B.C.)  and  Theophrastus  (born  371  B.c  )  d-tinguished  the 
perspiration  from,  the  sweat;  and,  according  to  the  latter,  the  secretion  of  sweat  stands  n  a 
certain  antagonislic  relation  to  the  urinary  secretion  and  to  the  water  in  the  feces  tnlrius 
to  Cassius  Felix  (^7  A.D.),  a  person  placed  in  a  bath  absorbs  water  through  the  skin  Sanctonus 
(?6iyZsured  the  amiunt^f  sweat  given  off ;  Alberti  (1581)  was  -^^^^1:  wed  th^^^^ 
bulb;  Donatus  (1588)  described  hair  becoming  grey  suddenly;  Riolan  (1626)  showed  that  the 
colour  of  the  skin  of  the  negro  was  due  to  the  epidermis. 


Physiology  of  the  Motor  Apparatus. 


its  two  ends  nearer 
In  ipuscle,  the  con- 


ciliated 

epithelium. 


OQl  rCILIARY  MOTION— PIGMENT  CELLS].— [(a)  Muscular  Move- 
ment--Bv  far  the  greatest  number  of  the  movements  occurring  in  our  bodies  is 
rccomplished  through  the  agency  of  muscular  fihre,  which,  when  it  is  excited  by  a 
stTriurcontrac^^^  and  thus  brings  .t,«  two  ends  nearer 

together,  while  it  bulges  to  a  corresponding  extent  laterally, 
traction  takes  place  in  a  definite  direction.]  ,     ,      , ,  , 

r?6\  Amoeboid  Movement.-Motion  is  also  exhibited  by  colourless  blood-cor- 
pu  cles,  lymph-corpuscles,  leucocytes,  and  some  other  corpuscles.  In  these 
structures  we  have  examples  of  amoeboid  movement  (§  9),  which  is  movement  m 

an  indefinite  direction.] 

\(c)  CiUary  Movement.— There  is  also  a  pecubar  form  of  movement,  known  as 
ciliarv  movement.  There  is  a  gradual  transition  between  these  different  forms  of 
movement.    The  ciUa  which  are  attached  to  the  ciliated  epithelium  are  the  motor 

agents  (fig.  300).]  ,     „  . 

rCiliated  epitheUtun-where  found. -hi  the  nasal  mucous  membrane,  except  the  olfactory 
region  ■  the  cavities  accessory  to  the  nose  ;  the  upper  half  of  the  pharynx,  Eustachian  tube, 
larynx,'  trachea,  and  bronchi ;  in  the  uterus, 
except  the  lower  half  of  the  cervix  ;  Fallopian 
tubes  ;  vasa  efferentia  to  the  lower  end  of  epi- 
didymis ;  ventricles  of  brain  (child) ;  and  the 
central  canal  of  the  spinal  cord.]  _ 

[The  cilia  are  flattened  blade-like  or  hair-like 
appendages  attached  to  the  free  end  of  the 
cells.  They  are  about  mnnr  inch  in  length,  and 
are  apparently  homogeneous  and  structureless. 
They  are  planted  upon  a  clear  non-contractile 
disc  on  the  free  end  of  the  cell,  and  some  ob- 
servers state  that  they  pass  through  the  disc  to 
become  continuous  with  the  protoplasm  of  the 
cell,  or  with  the  plexus  of  fibrils  which  pervades 
the  protoplasm,  so  that  by  some  observers  they 
are  regarded  as  prolongations  of  the  intra-epi- 
thelial  plexus  of  fibrils.  They  are  specially  modified  parts  of  an  epithelial  cell,  anil  are  con- 
tractile and  elastic.  They  are  colourless,  tolerably  strong,  not  coloured  by  staining  reagents, 
and  are  possessed  of  considerable  rigidity  and  flexibility.  They  are  always  connected  with  the 
protoplasm  of  cells,  and  are  never  outgrowths  of  the  solid  cell  membranes.  There  may  be  10 
to  20  cilia  distributed  uniformly  on  the  free  surface  of  a  cell  (fig.  300).] 

[In  the  large  ciliated  cells  in  the  intestine  of  some  moUuscs  (mussel),  the  cilia  perforate  tlie 
clear  refractile  disc,  which  appears  to  consist  of  small  globules— basal  pieces— united  by  their 
edge,  so  that  a  cilium  seems  to  spring  from  each  of  these,  while  continued  downw-ards  into  tlie 
protoplasm  of  the  cell,  but  not  attached  to  the  nucleus,  there  is  a  single  varicose  fibril— rooUet, 
and  the  leash  of  these  fibrils  passes  through  the  substance  of  the  cell  and  may  unite  towards  its 
lower  tailed  extremity  {Sngchnann).]  .n  i  •      ^  i 

[Ciliary  motion  may  be  studied  in  the  gill  of  a  mussel,  a  small  part  of  the  gill  being  teased 
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Fig.  300. 
Ciliated  epithelium. 
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in  sea  water ;  or  the  hard  jinlato  of  a  frog,  newly  killud,  may  be  scraped  and  the  scraping  ex- 
amiuod  in    p.c.  salt  solutinn.    On  analysing  the  niovonient,  all  the  cilia  will  be  observed  to 
oxeeuto  a  regular,  periodic,  lo  and  I'ro  rhytlunieal  movement  in  a  i)lanc  usually  verti,(;al  to  the 
surface  of  the  cells,  the  direction  of  the  movement  being  parallel  to  the  long  axis  of  the  organ. 
The  appearance  presented  by  the  movements  of  the  cilia  is  .sometimes  described  as  a  l&shing 
movement,  or  like  a  field  of  corn  moved  by  the  wind.    Each  vibration  of  a  ciliuni  consists  of  a 
rapid  forward  movement  or  liexion,  the  ti])  moving  more  than  the  base,  and  a  slower  badiward 
movement,  the  ciliuiii  again  straightening  itself.    The  forward  movement  is  about  twice  as  rapid 
as  the  backward  movement.    The  amplitude  of  the  movement  varies  according  to  the  kind  of 
cell  and  other  conditions,  being  less  when  the  cells  are  about  to  die,  but  it  is  the  same  for  aU  the 
cilia  attached  to  one  cell,  and  is  seldom  more  than  20°  to  50°.    There  is  a  certain  periodicity 
in  their  movement— in  the  frog  they  contract  about  12  times  per  second.    The  result  of  the 
rapid  forward  movement  is  that  the  surrounding  fluid,  and  any  particles  it  may  contain,  are 
moved  in  the  direction  in  which  the  cilia  bend.    All  the  cilia  of  adjoining  cells  do  not  move  at 
.once,  but  in  regular  succession,  the  movement  travelling  from  one  cell  to  the  other,  but  how 
this  co-ordination  is  brought  about  we  do  not  know.    At  least  it  is  quite  independent  of  the 
nervous  system,  as  ciliary  movement  goes  on,  in  isolated  cells,  and  in  man  it  has  been  observed 
in  the  trachea  two  days  after  death.    Conditions  for  Movement.— In  order  that  ciliary  move- 
ment may  go  on,  it  is  essential  that  (1)  the  cilia  bo  connected  with  part  of  a  cell;  (2)  moisture  ;^ 
(3)  oxygen  be  present ;  and  (4)  the  temperature  be  within  certain  limits.] 

[A  ciliated  epithelial  cell  is  a  good  examjilc  of  the  physiological  division  of  labour.  •  It  is 
derived  from  a  cell  which  originally  held  motor,  automatic,  and  nutritive  functions  all  com- 
bined in  one  mass  of  protoplasm,  but  in  the  fully  developed  cell,  the  nutritive  and  regulative 
functions  are  confined  to  the  protoplasm,  while  the  cilia  alone  are  contractile.  If  the  cilia' 
be  separated  from  the  cell,  they  no  longer  move.  If,  however,  a  cell  be  divided  so  that  part  of 
it  remains  attached  to  the  cilia,  the  latter  still  move.  The  nucleus  is  not  essential  for  this  act. 
It  would  seem,  therefore,  that  though  the  cilia  are  contractile,  the  motor  impulse  ijrobably 
proceeds  from  the  cell.  Each  cell  can  regulate  its  own  nutrition,  for  during  life  they  resist  the 
entrance  of  certain  coloured  fluids.  ] 

[Effect  of  Eeagents.— Gentle  heat  accelerates  the  number  and  intensity  of  the  movements, 
cold  retards  them.  A  temperature  of  45°  C.  causes  coagulation  of  their  proteids,  makes  them 
permanently  rigid,  and  kills  them,  just  in  the  same  way  as  it  acts  on  muscle,  causing  heat- 
stiffening  (§  295,  1).  Weak  alkalies  may  cause  them  to  contract  after  their  movement  is 
arrested'or  nearly  so  (Virchoio),  and  any  current  of  fluid  in  fact  may  do  so.  Lister  showed 
that  the  vapour  of  ether  and  chloroform  arrests  the  movements  as  long  as  the  narcosis  lasts, 
but  if  the  vapoiu-  be  not  applied  for  too  long  a  time,  the  cilia  may  begin  to  move  again.  The 
prolonged  action  of  the  vapour  kills  them.  As  yet  we  do  not  know  any  specific  poison  for 
cilia— atropin,  veratrin,-  and  ciirara  acting  like  other  substances  with  the  same  endosmotic 
equivalent  {Engehnaim}.} 

[Functions  of  Cilia. — The  moving  cilia  propel  fluids  or  particles  along  the 
passages  which  they  line.  By  carrying  secretions  along  the  tubes  which  they  hne 
towards  where  these  tubes  open  on  the  surface,  they  aid  in  excretion.  In  the  re- 
spiratory passages,  they  carry  outwards  along  the  bronchi  and  trachea,  the  mucus 
formed  by  the  mucous  glands  in  these  regions.  When  the  mucus  reaches  the 
larynx  it  is  either  swallowed  or  coughed  up.  That  the  cilia  carry  particles  upwards 
in  a  spiral  direction  in  the  trachea  has  been  proved  by  actual  laryngoscopic  investi- 
gation, and  also  by  excising  a  trachea  and  sprinkling  a  coloured  powder  on  its 
mucous  membrane,  when  the  coloured  particles  (Berlin  blue  or  charcoal)  are  slowly 
carried  towards  the  upper  end  of  the  trachea.  In  bronchitis  the  ciliated  epithelium 
is  shed,  and  hence  the  mucus  tends  to  accumulate  in  the  bronchi.  They  remove 
mucus  from  cavities  accessory  to  the  nose,  and  from  the  tympanum,  while  the  ova 
are  carried  partly  by  their  agency  from  the  ovary  along  the  Fallopian  tube  to  the 
uterus.  In  some  of  the  lower  animals  they  act  as  organs  of  locomotion,  and  in 
others  as  adjuvants  to  respirationj  by  creating  currents  of  water  in  the  region  of  the 
organs  of  respiration.] 

rThe  Force  of  Ciliary  Movement— Wyman  and  Bowditch  found  that  the  amount  of  work 
that  can  be  done  by  cilia  is  very  considerable.  The  work  was  estimated  by  the  weight  wliicn 
a  measured  surface  of  the  mucous  membrane  of  the  frog's  hard  palate  was  able  to  carry  up  an 
inclined  plane  of  a  definite  slope  in  a  given  time.]  . 

fPigment-cells  belong  to  the  group  of  contractile  tissues,  and  are  well  developed  m  tue  irog, 
ami  Sv  other  animals"  where  their  characters  have  been  carefully  studied  They  are  genera  ly 
JegarS  as  comparable  to  branched  connective-tissue  corpuscles,  loaded  with  pigmented  granules 
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of  melanin..-  The  pigment-granules  may  be  diflused  in  the  cell,  or  aggregated  around  the  nucleus  ; 
in  the  former  case,  the  skin  of  the  frog  appears  dark  in  colour,  in  the  latter,  it  is  but  slightly 
liigraente(,l  (fig.  301).  The  question  has  been  raised  whether  thoy  are  actual  cells  or  merely 
spaces,  branched,  and  containing  a  ,^ 
fluid  with  granules  in  suspension.    In  ,   ..  i/^^ 

any  case,  they  undergo  marked  changes  .\         iW  M  /^'"^ 

of  shape  under  various  influences.    II  '^i    i,\  _  i/f 

the  motor-nerve  to  one  leg  of  a  frog  be 
divided,  the  skin  of  the  leg  on  that 
side  becomes  gradually  darker  in  colour 
than  the  intact  leg.    A  similar  result 

is  seen  in  the  curara  experiment,  when  /t#«^;i'-^^^-;#""  ;7 

all  paj-ts  are  ligatured  except  the  nerve.         C  ' 
Local  applications  aftect  the  state  of         '^.j-ft  W  t^l 
difiiision  of  the  pigment,  as  v.  Wittich  M 
found  that  turpentine  or  electricity     jff  - 
caused  the  cells  of  the  tree-frog  to  con-        \  ^' 
tract,  and  the  same  eftect  is  produced         J^^;?       .}''    '^^  -"'''"^ 
by  light.    In  Rana  temporaria  local  "       "-J  /''' 

irritation  has  little  eff'ect,  but  light,  on  j  '. 

the  contrary,  has,  although  the  effect  ,     n    <■  i    c  i-     .   <•   ^  n  -^v 

of  ■lit'ht  seems  to  be  brought  about  Pigment-cells  from  the  web  of  frogs  foot ;  rt,  cell  with 
throuo-h  the  eye,  probably  by  a  reflex  pigment-granules  diffused  ;  h,  granules  more  concen- 
mechanism  ( Lister).  A  pale-coloured  t''ated ;  c,  more  concentrated  still ;  d,  cells  with  guanin- 
frog,  put  in  a  dark  place,  assumes,  after    granules  {Stirling). 

a  time,  a  different  colour,  as  the  pigment  is  diffused  in  the  dai'k ;  but  if  it  be  exposed  to  a 
bright  light  it  soon  becomes  pale  again.  The  same  phenomenon  may  be  seen  on  studying  the 
web  of  a  frog's  leg  under  the  microscope.  The  marked  variations  of  colour — within  a  certain 
range — in  the  chameleon  is  due  to  the  condition  of  the  pigment-cells  in  its'  skin,  covered  as 
they  are  bj'  epidermis,  containing  a  thin  stratum  of  air  [Briicke).  When  it  is  poisoned  with 
strychnin,  its  whole  body  turns  pale ;  if  it  be  ill,  its  body  becomes  spotted  in  a  dendritic 
fashion,  and  if  its  cutaneous  nerves  be  divided,  the  area  supplied  by  the  nerve  changes  to  black. 
The  condition  of  its  skin,  therefore,  is  readil}'  affected  by  the  condition  of  its  nervous  system, 
for  psychical  excitement  also  alters  its  colour.  If  the  sympathetic  nerve  in  the  neck  of  a  turbot 
be  divided,  the  skin  on  the  dorsal  part  of  the  head  becomes  black.  It  is  notorious  that  the 
colour  of  fishes  is  adapted  to  the  colour  of  their  environment.  If  the  nerve  proceeding  from 
the  stellate  ganglion  in  the  mantle  of  a  cuttle-fish  be  divided,  the  skin  on  one  half  of  the  body 
becomes  pale.] 

[Guanin  in  Cells.— Besides  the  pigment-cells  in  the  web  of  a  frog's  foot  (esj)eci- 
ally  ia  Rana  temporaria)  there  are  other  cells  which  contain  granules  of  guanin 
(fig.  301,  d).  If  the  web  of  a  frog's  foot  be  mounted  in  Canada  balsam  and 
examined  microscopically  between  crossed  Nicol's  prisms,  each  guanin-cell  is  seen 
to  contain  numerous  very  strongly  doubly  refractive  granules  of  guanin  (§  283).] 

292.  STRTJCTURE  AND  ARRANGEMENT  OF  MUSCLES.— [Muscular 

Tissue  is  endowed  with  contractility,  so  that  when  it  is  acted  upon  by  certain  forms 
of  energy  or  stimuli,  it  contracts.    There  are  two  varieties  of  this  tissue — 

(1)  Striped,  striated  (or  voluntary)  ; 

(2)  Non-striped,  smooth,  organic  (or  involuntary). 

Some  muscles  are  completely  under  the  control  of  the  will,  and  are  hence  called 
"  voluntary,"  and  others  are  not  directly  subject  to  the  control  of  the  will,  and  are 
hence  called  involuntary  f  the  former  are  for  the  most  part  striped,  and  the 
latter  non-striped;  but  the  heart-muscle,  although  striped,  is  an  involuntary 
muscle.] 

1.  Striped  Muscles.— The  surface  of  a  muscle  is  covered  with  a  connective-tissue  envelope  or 
perimyBium  externum,  from  which  septa,  carrying  blood-vessels  and  nerves,  the  perimysium 
internum,  pass  into  the  substance  of  the  muscle,  so  as  to  divide  it  into  bundles  of  fibres  or 
fasciculi,  which  are  fine  in  the  eye-muscles  and  coarse  in  the  glutei.  In  each  such  com- 
partment or  niesh,  there  lie  a  number  muscular  fibres  arranged  more  or  less  parallel  to  each 
other.  [The  fibres  are  hold  together  by  delicate  connective-tissue  or  endomysiimi,  which  sur- 
rounds groups  of  the  fibres  ;  each  fibre  being,  as  it  were,  separated  from  its  neighbour  by 
ileiicate  hbrillar  connective-tissue.]  Each  muscular  fibre  is  surrounded  with  a  ricli  plexus  of 
ccqnllaries  [which  form  an  elongated  meshwork,  lying  between  adjacent  fibres,  but  never  pene- 
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trating  tho  fibres,  ^vlHcl,,  however,  they  erosB  (fig  307).    In  a  ^°"t''^£trc^t'het  ™ 
hiries  nmy  bo  slightly  sinuoun  in  their  course,  but  when  a  muse  e     01  the  f  ^^^^l  f^^  '^^'^'^j^ 
fHoannoai-     The  oai  ilhiries    e  in  tho  eiuloiiiysumi,  and  near  them  are  lym2)iiuucs\.  _  i^aca 
S^fibL'  rec^     a  .erve-fibre.    [Wl.eri  to-d.-Stvi,ea  m  J 

skeletal  muscles,  heart,  diaphragm  pharynx  upper  part  f  ,''^^^,'^r'f        ^u^^^         the  middle 

[.Ur:tin.l  ?n  ai.i'.eter,  ^n^  never  longer  tha.  3  to  J  -J-f- ^1  to^^^^  - 


Fig.  302. 

TTistolocMT  of  muscular  tissue.    1,  Diagram  of  part  of  a  striped  muscular  fibre  ;  S,  sarcolemma  ; 

0  toans^erse  stripes  F  f^brillS  ;  K,  the  muscle  nuclei ;  N,  a  nerve-fibre  entering  it 
Sth  '  lis  axis  c&  Kiihn^'s  motorial  end-plate,  e,  seen  in  profile  ;  2,  transverse 
Tection  of  part  of  Luscular  fibre,  showing  Cohnhe  m's  areas,  c ;  3' ,3^^^^^^^ 

4,  part  of  an  insect's  muscle  greatly  magnified;  «  Krause-Amic  s  line  Imitm^^^ 
muscular  cases  ■  b  the  doubly-refractive  substance  ;  c,  Hensen  s  disc  ;  d,  ti^^  singly-retrac 
Sve  1  tan"  ;'  5,  fibres  cleaLg  transversely  into  discs  ;  6,  -^^J/ ^^T^^Sd  m^^^^^^ 
of  a  frocr  •  7  development  of  a  striped  muscle  from  a  hiimau  fcetus  at  the  tl^i*^  ' 
8  9,  mutcular  fibres  of  the  heart ;  c,  capillaries  ;  &,  connective-tissue  corpuscles  ;  10,  smooth 
muscular  fibres  ;  11,  transverse  section  of  smooth  muscular  hbres. 

Ith  excels  of  potassic  chlorate  or  by  a  36  per  cent,  solution  of  caustic  potash. 
[Each  muscular  fibre  consists  of  the  following  parts :— 

1  Sarcolemma.  an  elastic  sheath,  with  transverse  partitions,  stretching  aci-oss  the  fibre.at 

regular  intervals— the  mcmhranc  of  Krausc  ; 

2.  The^included  sarcous  substance  ; 

3.  The  nuclei  or  muscle  corpuscles.] 
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Sarcolemma  -Each  muscular  fibre  is  complotoly  enclosed  by  a  thm  colourless,  structareless, 
tra^arent  elastic  sheath  (fig.  302,  1,  S),  which,  chemically,  is  midway  between  connective 
Se  astic  tisSie  and  within  it  is  the  contractile  substance  of  the  muscle.  [When  a  muscular 
Ce  is  bL^  cui  by  trypsin,  Chittenden  observed,  at  the  beginning,  the  sarcolemma  raised 
from  fts  sarco  s%on^  loWea  tube,  but  it  is  ultimately  digested  by  trypsin     It  is  thus 

dX"uished  from  the  collagen  substance  of  connective-tissue,  which  is  not  digested  by  tryi«iu. 
I  is  not  cSved  by  boiling,  and  it  resists  the  action  of  acids  and  dilute  alkalies,  while  it  is 
dUolved  by  concentrated  aTkalies.  Thus,  it  dillors  from  elastic  fibres,  and  on  the  whole, 
chemicallv  it  seems  to  be  most  closely  related  to  the  membrana  propria  of  glands.  It  has 
much  more  cohesion  than  the  sarcous  substance  which  it  encloses,  so  that  sometimes,  wlien 
teasin'T  fresh  muscular  tissue  under  the  microscope,  one  may  observe  the  sarcous  substance  torn 
acrosis°with  the  unruptured  sarcolemma  stretching  between  the  ends  of  the  ruptured  sarcous 
substance  If  muscular  fibres  be  teased  in  distilled  water,  sometimes  fine  clear  blebs  are  seen 
alone  the'course  of  the  fibre,  due  to  the  sarcolemma  being  raised  by  the  fluid  diffusing  under 
it  The  sarcous  substance,  but  not  the  sarcolemma,  may  be  torn  across  by  plunging  a  muscle 
in  water  at  55°  C,  and  keeping  it  there  for  some  time  (i;«?m6T).]  ,   ,.  i  ^  i 

Sarcous  Substance.— The  sarcous  substance  is  marked  transversely  by  alternate  light  and 
dim  layers  bands,  stripes  or  discs  (fig.  302,  1,  Q),  so  that  each  fibre  is  said  to  be  "  transversely 
striped."  [The  stripes  do  not  occur  in  the  sarcolemma,  but  are  confined  to  the  sarcous  sub- 
stance, and  they  involve  its  whole  thickness.] 

[The  animals'most  suited  for  studying  the  structure  of  the  sarcous  substance  are  some  of  the 
insects  The  muscles  of  the  water-beetle,  Dytiscus  marginalis,  and  the  Hydrophilus  piceus  are 
well  suited  for  this  purpose.  So  is  the  crab's  muscle.  In  examining  a  living  muscle  micro- 
scopically, no  fluid  except  the  muscle-juice  should  be  added  to  the  preparation,  and  very  high 
powers  of 'the  microscope  are  required  to  make  out  the  finer  details.] 

Bowman's  Discs.— If  a  muscular  fibre  be  subjected  to  the  action  of  hydrochloric  acid  (1  per 
1000)  or  if  it  be  digested  by  gastric  juice,  or  if  it  be  frozen,  it  tends  to  cleave  transversely 
into  discs  [Boimnan),  which  are  artificial  products,  and  resemble  a  pile  of  coins  which  has  been 
knocked  over  (fig.  302,  5).  .    ,.    ,   .  •  v  m- 

Fibrillfe  —Under  certain  circumstances,  a  fibre  may  exhibit  longitudinal  stnation.  i  Ins 
is  due  to  the  fact  that  it  may  be  split  up  longitudinally  into  an  jmmense  number  of  (1  to  17  ^ 
in  diameter)  fine,  contractile  threads,  the  primitive  fibrillsB 
(fig.  302,  1,  F),  placed  side  by  side,  each  of  which  is  also 
transversely  striped,  and  they  are  so  united  to  each  other  by 
semi-fluid  cement-substance,  that  the  transverse  markings  of 
all  the  fibrillEe  lie  at  the  same  level.  Several  of  these  fibrils 
are  united  together  omng  to  the  mutual  pressure,and  prismatic 
in  form,  so  that  when  a  transverse  section  of  a  perfectly  fresh 
muscular  fibre  is  observed  after  it  is  frozen,  the  end  of  each 
fibre  is  mapped  out  into  a  number  of  small  polygonal  areas 
called  Cohnheim's  areas  (fig.  302,  2).  [Each  bundle  of  fibrils 
or  polygonal  area  represents  what  KoUiker  called  a  "Muscle- 
Column."] 

Fibrillae  are  easily  obtained  from  insects'  muscles,  while 
those  from  a  mammal's  muscle  are  readily  isolated  by  the 
action  of  dilute  alcohol,  Miiller's  fluid  [or,  best  of  all,  ^  per 
cent,  solution  of  chromic  acid]  (fig.  302,  3). 

[In  studying  the  structure  of  muscle,  it  is  well  to  re- 
member that  there  are  considerable  differences  between  the 
muscles  of  Vertebrates  and  those  of  Arthropoda.] 

[When  a  living  unaltered  vertebrate  muscular  fibre  is 
Hxamined  microscopically,  in  its  own  juice,  we  observe  the 
alternate  dim  and  light  transverse  discs.  Amici,  Krause,  and 
Dobie  showed  that  a  fine  dark  line  runs  across  the  light 
disc,  and  divides  it  into  two  (fig.  303).  Amici  resolved  it 
into  a  row  of  granules,  and  by  others  {e.g.,  Krause)  it  is 
regarded  as  due  to  the  existence  of  a  membrane, — hence 
it  is  called  Krause's  membrane, — which  runs  transversely 
across  the  fibre,  being  attached  all  round  to  the  sarcolemma, 
series  of  compartmenis  placed  end  to  end. 
the  dim  disc] 

[On  Krause's  theory,  each  muscular  compartment  contains  (1)  a  broad  dim  disc,  which  is  the 
contractile  part  of  the  sarcous  substance.  It  is  doubly  refractive  (anisotropous),  and  is  com- 
posed of  Bowman's  sarcous  elements.  (2)  On  each  end  of  this  disc,  and  between  it  and  Krause's 
membranes,  is  a  narrower,  clear,  homogeneous,  and  but  singly  refractile  (isotropous),  soft  or 
fluid  substance,  which  forms  the  lateral  disc  of  Engelmann.  In  some  insects  it  contains  a  row 
of  refractive  granules,  constituting  the  granular  layer  of  Flogel.    If  a  muscular  fibre  be 


Fig.  303. 
Human  muscular  fibre,  x  300. 

,  thus  dividing  each  fibre  into  a 
Hensen  described  a  disc  or  stripe  in  the  centre  of 
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colour 
is  called 


stretched  and  stained  with  logwood,  the  central  part  of  tlie  dim  disc  appears  lighter  in 
than  the  two  ends  of  the  siinui  disi;.  Tiiis  has  been  described  as  a  separate  disc,  and  is 
the  median  disc  of  11  onsen  (lig.  302,  4,  c).] 

[In  an  nnalteved  fibre,  the  dim  broad  stripe  may  appear  homogeneous,  but  after  a  time  it 
cleaves  tlirougliout  its  entire  extent  in  tlie  long  axis  of  the  iitjre  into  a  number  of  prismatic 
elements  or  fibrils,  the  sarcoiis  elements  of  15owman  (lig.  302).  These  at  first  are  prismatic,  but 
as  "they  solidify  they  slirink  and  seem  to  squeeze  out  of  thom  a  fluid,  becoming  at  the  same  time 
more  constricted  in  the  centre.  This  separation  into  bundles  of  fibrils  with  an  interstitial  matter 
gives  rise  to  the  appearnnce  seen  on  transverse  section  of  a  frozen  muscle,  and  known  as  Cohn- 
heim's  areas  (fig.  302,  2,  c).  In  all  probability  the  cleavage  also  extends  through  the  lateral 
discs,  and  thus  fibrils  are  formed  by  longitudinal  cleavage  of  the  fibre.] 

[Muscles  of  Arthropoda. — Engelmann  showed  that  the  muscles  of  tliese  animals  have  a  large 
number  of  discs.  In  a  muscle  of  an  animal  killed  by  being  plunged  into  alcohol,  according  to 
the  position  of  the  lens  of  the  microscope,  one  sees  : — 

1.  The  broad  dim  disc,  composed  of  two  darker  lateral  portions  or  discs,  and  a  lighter  disc — 
that  of  Hensen,  between  them.  In  fig.  304  the  whole  disc  is  marked  Q,  and  Hensen's  disc  is 
distinguished  as  h. 

2.  On  both  sides  of  this  is  a  small,  clear,  slightly  refractive  stripe,  J,  corresponding  to  one  of 
Engelmann's  isotropous  stripes. 

3.  On  both  sides  there  follows  symmetrically  a  dark  strongly  refractive  stripe,  N,  corre- 
sponding to  Engelmann's  accessory  stripe  and  Flogel's  granular  layer. 

4.  Then  on  both  sides  there  is  a  clear,  ieebly  refractive  disc,  E. 

5.  Beyond  E  is  a  small,  dark,  highly  refractive  stripe,  Z — usually  the  darkest — corresponding 
to  the  Amici-Krause  line.] 

[From  Z,  the  stripes  are  repeated  in  the  inverse  order  to  Q,  then  in  the  same  order  to  Z,  and 
so  on.  This  is  the  appearance  with  a  low  position  of  the  lens.  Many  muscles  do  not  show  all 
these  stripes,  thus  h  is  often  absent.] 

[If  the  lens  of  the  microscope  be  raised,  to  get  a  more  supei-ficial  view  of  the  fibre,  the 
distribution  of  the  light  is  reversed  (fig.  304,  II),  as  all  strongly  refractive  sections  become 

light,  and  all  feebly  refrac- 
tive appear  darker,  while 
with  a  deep  position  of  the 
lens,  the  reverse  is  the 
case.] 

[Experiment  shows  that 
the  dim  disc  rapidly  swells 
up  in  dilute  acids,  and  also 
that  the  dim  discs  (Q),  the 
accessory  discs  (N),  and 
the  Amici-Krause  line  (K), 
stain  more  deeply  with  log- 
wood than  the  other  discs, 
and  h  less  than  the  rest  of 

Q.] 

[If  a  muscle  which  has 
been  some  time  in  alcohol 
be  examined  as  to  its  longi- 
tudinal striation,  it  will  be 
seen  to  consist  of  rods  with 
light  intervals  between 
them  (fig.  305).  The  rods 
are  thicker  at  their  ends,  and  thinner  and  lighter  at  their  middle.  RoUett  regards  the  clear 
intervals  between  these  rods  as  consisting  of  sarcoplasma,  a  body  closely  related  to  protoplasm, 
and  the  rods  as  bundles  of  fibrillfe  or  "muscle  columns."] 

[If  a  muscle  be  acted  upon  by  certain  acids  the  relative  appearance  of  the  muscle-columns  and 
the  sarcoplasma  is  altered  ;  and  the  latter  may  appear  in  these  and  in  gold  preparations  as  a 
plexus  of  fibrils  with  regular  longitudinal  and  transverse  meshes  (Mdland,  Marshall,  hg.  306).J 
rMuBcle  Eods.— Schiifer  describes  the  appearance  differently :— Double  rows  of  granules  are 
seen  lyin^  in  or  at  the  boundaries  of  the  light  streaks  (discs),  and  very  fine  longitudmal  lines 
may  be  detected  running  through  the  daric  streak  (dim  disc)  and  uniting  the  minute  granules. 
These  fine  lines,  with  their  enlarged  extremities,  are  "  muscle  rods."  They  are  most  conspicuous 
in  insects  During  the  contraction  of  a  living  muscular  fibre,  Schiifer  describes  the  reversal 
of  the  stripes  "  (§  297)  as  follows  :— "  When  the  fibres  contract,  the  light  stripes  are  seen,  as 
the  fibre  shortens  and  thickens,  to  become  dark,  an  apparent  reversal  being  therel)y  produced 
in  the  strife  This  reversal  is  due  to  the  enlargement  of  the  rows  of  dark  dots  and  tlie  formation 
by  their  juxtaposition  and  blending  of  dark  discs,  whilst  the  muscular  substances  between  these 
dfscs  has  by  contrast  a  bright  appearance."    AVith  polarised  light  in  a  living  muscular  fibre, 


Fig.  304. 

Fig.  304. — Insect's  muscle;  I,  with 
and  II,  with  a  deeper  position. 
Carabus  cancellatus. 


a  high  position  of  the  lens, 
Fig.  305. — Muscular  fibre  of 
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all  the  savcous  substance,  excep  the  musolc  rod,  is  doubly  ^of'^        o  r^n^o  to^^^^^^^^^^ 
appears  bright  on  a  dark  field  when  the  Nicol's  prisn^s  are 

t  ons  contracted  muscle  and  dead  muscle  show  alternate  dark  and  hg  t  f  ^^^'g^ 

The  nuclei  or  niuscle-corpuscles     «  """'f  f 

mammals,  and  their  long  axis  lies  m  the  long  axis  ot  the  fibre  (8  to  13  A'  °"g'  "^^^^^^ 

TTii  tliP  miisplps  of  the  frog,  reptiles,  and  some  other  animals,  e.g.,  the  i eel  muscles  oi  tne 
rabWt  and  ~  and  hi  ome  muscles  of  birds,  they  lie  in  the  substance  of  the  fibre  surrounded 
abbit  and  "'"^ 1    when  they  occur  immediately  under  the  sarcolemma  they 
ai'^n^oiTeTfl^  i"'  --^^  --^-^  of^otoplasm  (fig.  302,  1  and  2, 

ll)  They  contain  one  or  two  nucleoli,  and  it  is  said  that  the  protoplasm  sends-  out  fine 
processes  which  unite  with  similar  processes  from  adjoining  «°  ^'J^cZs^hL 

this  view  a  branched  protoplasmic  network  exists  under  the  sarcolemma.  [Each  nuc  eus  has  a 
reticulTed  ap p^^^^^^^^^  to  the  presence  of  a  plexus  of  fibrils,  consisting  of  chromatin  ;  m  its 

m^sheriies  an  Smatic  substance.  The  nuclei  are  specially  large  in  Otiorrhyuchus  planatus, 
onp  of  the  beetles  Mitotic  figures  indicating  division  of  the  nuclei  have  been  observed.  iJie 
miole  are  not  seen  in  a  perfectly  fresh  muscle,  because,  until  they  have  undergone  some  change, 
thetiXcti^eTnderis^^^^^  same  as  that  of  the  sarcous  substance.]  They  become  specially 
evidei  fXi  tL  ad^tion  of  acetic  acid.  Histogenetically,  they  are  the  remainder  of  the  ce  Is 
rol  wh^h  tie  m^^^^^^^^  fibres  were  developed  (fig  302  7).  According  to  M.  Schnltze,  the 
sarcous  substance  is  an  intercellular  substance  differentiated  and  formed  by  their  activity. 
Perhaps  they  are  the  centres  of  nutrition  for  the  mus- 
cular fibres.  In  amphibians,  birds,  fishes,  and  reptiles, 
they  lie  in  the  axis  of  the  fibres  between  the  fibrils. 

It  is  said  that  the  protoplasm  of  the  muscle-corpuscles 
forms  a  fine  network  throughout  the  whole  muscular 
fibre,  the  transverse  branches  taking  the  course  of  the 
lines  of  Krause  or  Dobie,  and 


ti- 


the longitudinal  branches  run- 
ning in  the  interstices  between 
Cohnheim's  area  {Bcizius, 
Bremer,  Mellancl,  fig.  306). 
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Fig.  306. 


Fig.  308. 


Fig.  307. 

Fig.  306.— Network  in  a  muscular  fibre.  Fig.  307.— Relation  of  a  tendon,  S,  to  its  muscular 
fibre.  Fig.  308. — Injected  blood-vessels  of  a  human  muscle,  a,  small  artery  ;  h,  vein  ; 
c,  capillaries,     x  250. 

Relation  to  Tendons. — According  to  Toldt,  the  delicate  connective-tissue  elements,  which 
cover  the  several  muscular  fibres,  pass  from  the  ends  of  the  latter  directly  into  the  connective- 
tissue  elements  of  the  tendon.  The  end  of  the  muscular  fibre  is  perhaps  united  to  the  smooth 
surface  or  hollow  end  of  the  tendon  by  means  of  a  special  cement  (  W eismann — fig.  307,  S).  In 
arthropoda,  the  sarcolemma  passes  directlj'  into  and  becomes  continuous  with  the  tendon  {Leyclig). 
The  tendon  itself  consists  of  longitudinally  arranged  bundles  of  white  fibrous  tissue  with  cells — 
tendon  cells — embracing  them.  There  is  a  loose  capsule  or  sheath  of  connective-tissue — the 
peritendineum  of  Kollman — surrounding  the  whole  and  carrying  the  blood-vessels,  lymphatics, 
and  nerves.  The  tendons  move  in  the  tendon-sheaths,  which  are  moistened  by  a  mucous  fluid. 
In  most  situations,  muscular  fibres  are  attached  by  means  of  tendons  to  some  fixed  point,  but 
in  other  situations  (face)  the  ends  terminate  between  the  connective-tissue  elements  of  the 
skin. 

[Blood-Vessels. — Muscles,  being  very  active  organs,  are  richly  supplied  with  blood.  The 
blood-supply  of  a  muscle  differs  from  some  organs  in  not  constituting  an  actual  vascular  unit, 
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supplied  only  by  one  artery  ami  one  vein,  thus  being  unlike  the  kidney,  spleen,  &c. 
muscle  usually  receives  several  brandies  I'roni  dillerunt  arteries,  and  branches  enter  it  at 
distances  along  its  whole  length.    The  artery  and  vein  usually  lie  together  in  the  conn 


Eacli 
;  certain 

..wv^..^w..  ....v-.v, —  J         •>^'"  "oually  lie  together  in  the  connective- 

tissue  of  the  perimysium,  while  the  capillaries  lie  in  the  endoniysium.  The  capillaries  lie 
between  the  muscular  fibres,  but  outside  the  sarcolemma,  where  they  form  an  elongated  rich 
plexus  with  numerous  transverse  brunches  (lig.  308).  The  lymph  to  nourish  the  sarcous  sub- 
stance must  traverse  the  sarcolemma  to  reach  the  former.  In  the  red  muscles  of  the  rabbit 
{e.g.,  somiteudinosus)  the  capillaries  are  more  wavy,  while  on  the  transverse  branches  of  some 
of  the  capillaries,  and  on  the  veins,  there  are  small,  oval,  saccular  dilatations,  which  act  as 
reservoirs  for  blood  (liaiivier).] 

[Lymphatics. — We  know  very  little  of  the  lymphatics  of  muscle,  although  the  lymphatics  of 
tendon  and  fascia  have  been  carefully  studied  by  Ludwig  and  Schweigger-Seidel,  There  are 
lymphatics  in  the  endoniysium  of  the  heart,  which  are  continuous  with  those  under  the  peri- 
cardium. This  subject  still  re(iuii'es  further  investigation.  Compare  the  lymphatics  of  the 
fascia  lata  of  the  do^  (fig.  227,  §  201.] 

Entrance  of  the  Nei"ve.  — Tlie  tnmk  of  the  motor  nerve,  as  a  rule,  enters  the  muscle  at  its 
geometrical  centre  (Sehiualbe) ;  hence,  the  point  of  entrance  in  muscles  with  long,  parallel,  or 
spindle-shaped  fibres  lies  near  its  middle.  If  the  muscle  with  parallel  fibres  is  more  than  2  to 
8  centimetres  [1-3  inches]  in  length,  several  branches  enter  its  middle.  In  triangular  muscles, 
the  point  of  entrance  of  the  nerve  is  displaced  more  towards  the  strong  tendinous  point  of  con- 
vergence of  the  muscular  fibres.  A  nerve-fibi-e  usually  enters  a  muscle  at  the  point  where  there 
is  the  least  displacement  of  the  muscular  substance  during  contraction. 

Motor  Nerve. — Every  muscle-fibre  receives  a  motor  nerve-fibre  (fig.  302,  1,  N). 
Each  nerve  does  not  contain  originally  as  many  motor  nerve-fibres  as  there  are 

muscular  fibres  in  the  muscle 
it  enters;  in  the  human  eye- 
muscles,  there  are  only  3 
nerve-fibres  to  7  muscular 
fibres ;  in  other  muscles 
(dog),  1  nerve-fibre  to  40  or 
80  (Tergast).  Hence,  when 
a  nerve  enters  a  muscle  it 
must  divide,  which  occurs 
dichotomously  [at .  Eanvier's 
nodes],  the  structure  under- 
going no  change  until  there 
are  exactly  as  many  nerve- 
Nerve  -.-*H=T¥fiiy'!Sii^^    f{  'ijMMiil'  fibres  as  muscular  fibres.  In 

warm-blooded  animals  each 
muscular  fibre  has  only  one, 
while  cold-blooded  animals 
have  several  points  of  insertion  of  the  nerve-fibre  (Sanchiann).  f^^e^J^-fi^re  enters 
each  muscular  fibre,  and  where  it  enters  it  forms  an  emmence  {Do^ere,  IbiO),  the 
"motorial  end-plate"  (figs.  302,  1,  e,  309,  310,  311).  .  , 

[The  elaborate  investigations  of  K  Mays  on  the  exact  distribution  of  nerve-hbres 
in  the  muscles  of  the  frog  have  conclusively  proved— apart  from  experimental  reasons 
—that  parts  of  muscles^-eceive  no  nerve-fibres  at  all,  large  portions  being  free  trom 
nerves.    This  has  been  proved  for  all  classes  of  vertebrates  except  osseous  fashes.J 

[The  mode  of  termination  of  a  motor  nerve  in  a  muscular  fibre  is  not  the  same  ^^^^'""f 
but  in  every  case  it  pierces  the  sarcolemma,  and  its  ultimate  distribution  has  a  ^po- 
lemmal  character.    The  Doyere's  eminence  is  present  in  most  mammals  and  reptiles,  but  in 
riSians  and  birds,  the  .hiding  is  Hat  on  the 'muscle-fibre.    Most  of  the  resuUs  ^^^^^^^ 
have  been  worked  out  by  Kiihne.    The  nerve-eudings,  then,  are  confined  to  very  small  spots 
™rrt^ie  musculai'fibres,  termed  by  Kiihne  "fields  of  '^^r^f'^^"an^^\^^^^^^^ 
have  only  one  such  field,  but  very  long  fibres  may  have,  at  most,  eight,    ^no  oi  n  oie  n,eam 
latld  ne.-ve-fibrcs  pass-as  preterminal  or  epilemmal  fibres-from  the  pmnt      ^^J'  ° 
nei^c-fibre  to  the  muscular  'fibre,  to  pass  into  the  nerve-endings.    The  "«rve-emlmgs  c^^^^^^^^^ 
nR  fvfviRions  of  the  axial  cylinder,  which  are  distributed  over  the  sarcous  substance  w  ithout 
Jso  far  as°SktwiVfomiug  any  direct  connection  with  it.    The  endings,  however,  he  ui  duect 


^  Muscle 


nucleus. 


Fig.  309. 

Muscular  fibres  with  motorial  end-plates. 
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<- ,  M-fi,       Th;«  liraucliod  arrangement  of  the  axis-cylinder  under  the  sarcolemma,  Kiihue 
contact  with    .   Th  s  b  a^^  Geweih  "),  and  the  mode  of  distribution  of  the 

tranc  varies  fS^^^^^  classes  of  animals.  In  th^  frog  (tig.  310),  tailed  amphibians,  and 
blanches  f^^.^"  ,  'fi;' j.^hes  of  the  axis-cylinder  form  bayonet-like  and  branched  endings, 
birds,  yi'°;Xs"^„,7„^  the  branches  are  often  curved  or  twisted,  and  possessed  of 
fo'bfs'and  aJ'triwi^  there  is  every  form  from  a  simple  hook-like  bend  to  a 

''fA^^l'Zloi'^^^^^^  muscular  fibre  at  the  eminence  of  Doyfere,  the  sheath  of  the 
[A\  toeamoto^nei  ^^^^.^^  j^,^^,^^  j.„own  as  the  perineural  or  Henle's  sheath  (§  321),  becomes 
'  '    '  continuous  with  the  sarcolemma.    The  eminence  itself  consists  of  a 

mass  of  protoplasm— or  sarcoplasni— called 
^^J"         by  Kiihne  sarcoglia — which  contains  gi-an- 
uies  and  nuclei,  the  latter  with  a  mem- 
brane and  peculiar  nucleoli ;  the  nuclei 
themselves  are  the  fundamental  or  basal 
nuclei  of  the  sarcoglia.    The  outer  surface 
of  the  eminence  is  covered  by  a  mem- 
brane called  telolemma  by  Kiihne,  but 
which  in  reality  consists  of  two  mem- 
branes,  an  outer 
one,  the  epilemma, 
continuous  with 
the  perineural  or 
Henle's  sheath,  and 
an  inner  one,  the 
endolemma,  the 
continuation  of  the 
sheath  of  Schwann 
of  the  nerve-fibre, 
both  ultimately  be- 
ing connected  with 
the  sarcolemma.  As 
the  nerve  pierces 
the  muscular  fibre, 
it  loses  its  myeline, 
and  with  it  disap- 
pears the  keratin 
sheath  oraxilemma 
of  the  axis-cylinder, 
so  that  the  spray- 
like ending  is  ac- 
companied only  by 
are  derived  from  Henle's 


Fig 
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310.— Motor  nerve-ending  in  the  frog  {Kuhne). 
entrance  of  the  nerve  ;  b,  b,  nuclei  of  the  branches  of  the  axial  cylinder  ; 
c,  c,  c,  nuclei  of  Henle's  sheath  ;  e,  muscle  nuclei.    Fig.  311.— Motor 
nerve-ending  in  lizards,  mammals,  and  man.    Schematic  after  Ivuhne.  A, 
axis-cylinder  ;  A' A',  terminal  branches  of  A  ;  a,  a,  myelin  ot  nerves  ;  b, 
perineural  or  Henle's  sheath,  and  its  nuclei  (c) ;  d,  nuclei  of  telolemma  ; 
B,  bed  ;  D,  large  granule  in  B  ;  C,  nuclei  of  the  bed  ;  E,  muscle  nuclei ; 
F,  conti-actile  substance, 
the  telolemma  (fig.  311).     The  telolemma  contains  nuclei  which 
sheath  (Kiihne).]  ,  ,      •    i..       -i.  • 

[In  some  animals,  such  as  the  lizard,  in  order  to  see  the  nerve  terminations,  it  is  sutbcient  to 
stain  portions  of  fresh  muscles  with  Delafield's  logwood.] 

[Nerve-endings,  then,  are  sublemmar,  and  the  terminations  of  the  nerves  never 
penetrate  into  the  depth  of  the  muscular  fibre,  but  come  into  direct  contact  with 
the  contractile  prism  or  cylinder  moistened  by  the  fluids  of  the  muscle.  In 
many  cases  the  striped  substance  is  separated  from  the  blunt  nerve-endings  by  some 
of  the  sarcoglia.  which  in  some  cases  penetrate  and  traverse  the  other  constituent 
of  the  fibre.  The  latter  Kiihne  has  called  "rhabdia."  The  antler-like  division  of 
the  axis-cylinder  or  spray,  in  contact  with  the  muscular  substance,  serves  to  conduct 
the  excitation  from  the  former  to  the  latter,  but  excitation  of  the  muscular  sub- 
stance is  never  transmitted  in  the  reverse  order  to  the  nerve-ending  {Kuhne}.] 

Each  muscular  fibre  of  the  cray  fish,  is  supplied  by  two  nerve-fibrils  arising  from  separate 
axis-cylinders  {Bicdcrmann). 

Sensory  fibres  also  occur  in  muscles,  and  they  are  the  channels  for  muscular 
sensibility.  They  seem  to  be  distributed  on  the  outer  surface  of  the  sarcolemma, 
where  they  form  a  branched  plexus  and  wind  round  the  muscular  fibres  {Arndt, 
Sachs) ;  but,  according  to  Tschirjew,  the  sensory  nerves  traverse  the  substance  of 
the  muscle,  and  after  dividing  dichotouiously,  end  onl^  in  the  aponeurosis,  either 
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suddenly  or  by  meanri  of  a  small  swelling — a  view  confirmed  by  Rauber.  The 
existence  of  sensory  nerves  in  muscles  is  also  proved  by  the  fact  that  stimulation 
of  the  central  end  of  a  motor  nerve,  e.g.,  the  phrenic,  causes  increase  of  the  blood- 
pressure  and  dilatation  of  the  pupil  {Asji,  Koiuuleiuiiky,  Nmurocici),  as  well  as  by  the 
fact  that  when  they  are  inflamed  they  are  painful.  They  of  course  do  not  de- 
generate after  section  of  the  anterior  root  of  the  spinal  nerves. 

Eed  and  Pale  Muscles. — In  nianj' fishes^(skate,  plaice,  herring,  mackerel)  (W.  Slirling), 
biiils,  and  mammals  (rabbits),  there  are  two  kinds  of  striped  muscle  {Krause),  dillering  in 
colour,  histolof,dcal  structure  (Fumvicr),  and  physiological  properties  {Kronccker  aiul  Stirling). 
Some  are  "red,"c.r/.,  the  soleus  and  semitendinosus  of  the  rabbit,  and  others  "pale,"6'.y., 
the  adductor  magnus.  In  the  ^aZc  muscles  the  transverse  striation  is  less  regular,  and  their 
nuclei  fewer  than  in  the  red  muscles  {Ranvier);  they  contain  less  glycogen  and  myosin.  [\V. 
Stirling  linds  that  the  red  muscles  in  many  fishes,  e.g.,  the  mackerel,  contain  granules  of  oil, 
and  present  all  the  apjiearance  of,  muscle  in  a  state  of  fatty  degeneration,  while  the  pale 
muscles,  lying  side  by  side,  contain  no  fatty  granules.] 

Julius  Arnold  found  in  human  muscles  an  extensive  distribution  of  pale  fibres  amongst 
the  red  ones,  and  indeed  in  the  same  muscle  in  the  frog  and  mammals,  red  and  pale  fibres 
occur  together,  in  fact  this  is  the  case  in  almost  every  muscle  (Ch-ulzncr). 

[Spectrum. — The  red  colour  of  the  ordinary  skeletal  muscle  is  due  to  hajmoglobin  in  the  sarcous 
substance  {KUhne).  This  is  proved  by  the  fact  that  the  colour  is  retained  after  all  the  blood 
is  washed  out  of  the  vessels,  when  a  thin  muscle  still  shows  the  absorption-bands  of  hemo- 
globin when  examined  with  the  spectroscope.  1 

[Myo-hsematin. — MacMunn  points  out  that  although  most  voluntary  muscles  owe  their 
colour  to  hremoglobin,  it  is  accompanied  by  myo-haimcdiii  in  most  cases,  and  sometimes  entirely 
replaced  by  it.  Myo-haimatiu  is  found  in  the  heart  of  vertebrates,  in  the  papillary  muscles  of 
the  human  heart,  and  in  abundance  in  the  pectoral  muscles  of  pigeons,  and  in  some  muscles 
of  vertebrates  and  invertebrates,  e.g.,  certain  beetles  (Hydrophilus,  Dytiscus),  the  common  fly, 
and  other  insects,  spiders,  crustaceans,  and  molluscs.] 

Muscular  Fibres  of  the  Heart. — The  mammalian  cardiac  muscle  has  certain  peculiarities 
already  mentioned  (§  43)  :— (1)  It  is  striped,  but  it  is  involuntary  ;  (2)  it  has  no  sarcolemma  ; 
(3)  its  fibres  branch  and  anastomose  ;  (4)  the  transverse  striation  is  not  so  distinct,  and  it  is 
sometimes  striated  longitudinally  ;  (5)  the  nucleus  is  placed  in  the  centre  of  each  cell  (see 
§  43).  [The  cardiac  muscle,  viewed  from  a  physiological  point  of  view,  stands  midway  between 
striped  and  unstriped  muscle.  Its  contraction  occurs  slowly  and  lasts  for  a  long  time  (p.  86), 
while,  although  it  is  transversely  striped,  it  is  involuntary.  ] 

[Purkinje's  Fibres. — These  fibres,  which  form  a  plexus  of  greyish  fibres  under  the  endo- 
cardium of  the  heart  of  ruminants,  have  been  described  already  (fig.  28) ;  the  cells  have,  as  it 
were,  advanced  only  to  a  certain  stage  of  development  (§  46).] 

Development.  — Each  muscular  fibre  is  developed  from  a  uni-nucleated  cell  of  the  mesoblast, 
■which  elongates  into  the  form  of  a  spindle.  As  the  cell  elongates,  the  nuclei  multiply.  The 
superficial  or  parietal  part  of  the  cell-substance  shows  transverse  markings  (fig.  302,  7),  wliile 
the  nuclei  with  a  small  amount  of  protoplasm  are  continuous  along  the  axis  of  the  fibre,  where 
they  remain  in  some  animals,  but  in  man  they  pass  to  the  surface  where  they  come  to  lie  under 
the  sarcolemma.  The  muscles  of  i,the  young  are  smaller  and  have  fewer  fibres  than  those_  of 
adults  {Budge).  In  developing  muscle,  the  number  of  fibres  is  increased  by  the  proliferation 
of  the  muscle-corpuscles,  which  form  new  fibres. 

Striped  muscle,  besides  occurring  in  the  corresponding  organs  of  vertebrata,  occurs  in  the 
iris  and  choroid  of  birds.  The  arthropoda  have  only  striped  muscle,  the  molluscs,  worms, 
and  echinoderms  chiefly  smooth  muscles ;  in  the  latter  are  muscles  with  double  oblique  striation 
(Schivalbe).  According  to  Paneth,  in  old  individuals  separate  cells  with  aggregation  of  con- 
tractile substance— so-called  SarcoplaBts— unite  to  form  new  muscular  fibres.  Sig.  Mayer  regards 
these  structures  as  retrogressive  structures,  and  he  calls  them  Sarcolytes  (§  103,  11.).  _ 

2.  Non-Striped  Muscle.— [Distribution.— It  occurs  very  widely  disti-ibu ted  in  the  body,  in 
the  muscular  coat  of  the  lower  half  of  the  human  ojsophagus,  stomach,  small  and  large  intestine, 
muscularis  muscosce  of  the  intestinal  tract,  in  the  arteries,  veins,  and  lymphatics,  posterior  part 
of  the  trachea,  bronchi,  iufundibula  of  the  lung,  muscular  coat  of  the  ureter,  bladder,_  urethra, 
vas  deferens,  vesiculre  seminal es,  and  prostate;  corpora  cavernosa  and  spougiosa  penis,  ovary, 
Fallopian  tube,  uterus,  skin,  ciliary  muscle,  iris,  upper  eyelid,  spleen  and  capsule  of  lymphatic 
glands,  tunica  dartos  of  the  scrotum,  gall-bladder,  in  ducts  of  glands,  and  in  some  other 

^^Stmcture.— Smooth  muscular  fibres  consist  of  fusiform  or  spindle-shaped  elongated  .cells, 
with  their  ends  either  tapering  to  fine  points  or  divided  (fig.  312).  These  contractile  fibre-cells 
may  be  isolated  by  steeping  a  piece  of  the  tissue  in  a  30  per  cent,  solution  of  aiustic  potash,  or 
a  strong  solution  of  nitric  acid.  They  are  45  to  30  m  to  jh  m-]  in  length,  and  4  to  10  ^ 
[  ^    to  Tnf'uTj  in-]  i"  breadth.    Each  cell  contains  a  solid  oval  elongated  micleus,  which  may 
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contain  one  or  more  uuclooli.  It  is  brought  into  view  by  the  action  of  dilute  acetic  acid,  or  by 
stainin-  reagents.  The  mass  of  the  cell  appears  more  or  less  homogeneous,  [and  is  suiTOunded 
by  a  tirin  elS  envelope].  In  son.o  places  it  shows  longitudinal  tibril  ation.  [Method.-'n^ 
fibrillation  is  revealed  more  distinctly  thus  :-Place  the  mesentery  ot  a  newt  {Kkm)  or  the 
bladder  of  the  salamandra  maculata  {Flemmincj)  in  a  5  per  cent,  solution  ot  ammonium 
chromnte  and  afterwards  stain  it  with  picro-carmine.  Each  cell  consists  of  a  thin  elastic 
sheZ  s;,rcolemma  of  Krause)  enclosing  a  bundle  of  fibrils  (F)  which  run  in  a  longitudinal 
direction  withiu  the  fibre  (lig.  313).  They  are  continuous  at  the  jjoles  o  the  nucleus  with  the 
plexus  of  fibrils  which  lies  within  the  nucleus,  and,  according  to  Klein,  they  are  the  contractile 
mr't  and  when  they  contract  the  sheath  becomes  shrivelled  transversely  and  exhibits  \yliat  looks 
like'thickeninf's  (S).  These  fibrils  have  been  observed  by  Flomming  in  the  cells  while  hvmfj. 
Sometimes  the° cells  are  branched,  while  in  the  frog's  bladder  they  are  triradiate. 

r Arrangement.— Sometimes  the  fibres  occur  singly,  but  usually  they  are  arranged  in  groups, 
formino-  lamelhe,  sheets,  or  bundles,  or  in  a  ploxiform  manner,  the  bundles  being  surrounded  by 
connective-tissue.  ]  A  very  delicate  elastic  cement-substance  unites  the  individual  cells  to  each 
other  [This  cement  may  be  demonstrated  by  the  action  of  nitrate  of  silver.  In  transverse 
section  (fio-.  312,  11)  they  appear  oval  or  polygonal,  with  the  delicate  homogeneous  cement 
between  them  ;  but,  as  the  fibres  are  cut  at  various  levels,  the  areas  are  unequal  in  size,  and  all 
of  them  of  course,  are  not  divided  at  the  position  of  the  nucleus.] 

They  vary  in  length  from  to  tAh  of  an  inch  ;  those  m  the  middle  coat  of  the  arteries 
are  short  while  they  are  long  in  the  intestinal  tract,  and  especially  in  the  pregnant  uterus. 
According  to  Encrelmann,  the  separation  of  the  smooth  muscular  substance  into  its  individual 
spindle-like  elenients  is  a  post-mm-tem  change  of  the  tissue.  Sometimes  transverse  thickenings 
are  seen,  which  are  not  due  to  transverse  striation,  but  to  a  partial  contraction.  Occasionally 

they  have  a  tendinous  insertion.      ,   .  t  ,     -.i.  ,  i    i         i        i  ^-i,        -n  • 

Blood-Vessels.— Non-striped  muscle  is  richly  supplied  with  blood-vessels,  and  the  capillaries 
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Fig.  312.  Fig.  313.  Fig.  314. 

Fig.  312.— Smooth  muscular  fibres  (10) ;  (11)  transverse  section.  Fig.  313.— Smooth  mus- 
cular fibre  from  the  mesentery  of  a  newt  (ammonium  chromate).  N,  nucleus  ;  F,  fibrils  ;• 
S,  markings  in  the  sheath.    I'ig.  314. — Termination  of  nerve  in  non-striped  muscle. 

form  elongated  meshes  between  the  fibres,  [although  it  is  not  so  vascular  as  striped  muscle]. 
Lymphatics  also  occur  betweap  the  fibres. 

Motor  Nerves. — According  to  J.  Arnold,  they  consist  of  meduUated  and  non-meduUated 
fibres  [derived  from  the  sympathetic  system]  which  form  a  ple.xus — ground  plexus — partly  pro- 
vided with  ganglionic  cells,  and  lying  in  the  connective-tissue  of  the  perimysium.  [The  fibres 
are  surrounded  with  an  endothelial  sheath.]  Small  branches  [composed  of  bundles  of  fibrils] 
are  given  off  from  this  jjlexus,  forming  the  intermediary  plexus  with  angular  nuclei  at  the  nodal 
points.  It  lies  either  immediately  upon  the  musculature  or  in  the  connective-tissue  between 
the  individual  bundles.  From  the  intermediary  plexus,  the  finest  fibrillaj  (0'3  to  0'5;u)  pass 
off,  either  singly  or  in  groups,  and  reunite  to  form  the  intermuscular  plexus  (fig.  314,  d),  which 
lies  in  the  cement  substance  between  the  muscle-cells,  to  end,  according  to  Frankenhauser,  in 
the  nucleoli  of  the  nucleus,  or  in  the  neighbourhood  of  the  nucleus  {Lustig).  According  to  J. 
Arnold,  the  fibrils  traverse  the  fibre  and  the  nucleus,  so  that  the  fibres  appear  to  be  strung  upon 
a  fibril  passing  through  their  nuclei.    According  to  Lijwit,  the  fibrils  reach  only  the  interstitial 
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substance,  while  Gscheidlen  also  observed  that  the  finest  terminal  fibrils,  one  of  which  goes  to 
each  imisculiu-  libro,  ran  along  the  margins  of  the  latter  (lig.  314).  The  course  of  these  fibrils 
can  only  be  traced  after  the  action  of  gold  chloride.  [Ranvier  has  traced  their  ternuuations  in 
the  stomach  of  the  leech.] 

Nerves  of  Tendon.— Within  the  tendons  of  the  frog,  there  is  a  plexus  of  meduUatetl  nei-ve- 
fibres  from  which  bru.sh-like  divided  fibres  proceed,  which  ultimately  end  with  a  ooint  in 
nucleated  plates,  the  nerve-flakes  of  llollctt.  According  to  Sachs,  bodies  like  end-bulbs  occur 
in  tendons,  while  Rauber  found  Vater's  corpuscles  in  their  sheaths  ;  Golgi  found,  in  addition, 
spindle-shaped  terminal  corpiiscles,  which  he  regards  as  a  specific  apparatus  for  estimating 
tension. 

293.  PHYSICAL  AND   CHEMICAL  PEOPERTIES  OF  MUSCLE.— 1. 

The  consistence  of  the  sarcous  substance  is  the  same  as  that  of  living  protoplasm, 
e.g.,  of  lymph-cells  ;  it  is  semi-solid,  i.e.,  it  is  not  fluid  to  such  a  degree  as  to  flow 
like  a  fluid,  nor  is  it  so  solid  that,  when  its  parts  are  separated,  these  parts  are 
unable  to  come  together  to  form  a  continuous  whole.  The  consistence  may  be 
compared  to  a  jelly  at  the  moment  when  it  is  dissolved  {e.g.,  by  heat).  The  power 
of  ivibibiticm  is  increased  in  a  contracted  muscle  {Ranke). 

Proofs.— The  following  facts  corroborate  the  view  expressed  above  :-(«)  The  analogy  between 
the  function  of  the  sarcous  substance  and  the  contractile  protoplasm  of  cells  (§  9).  (6)  ihe 
so-called  Porret's  phenomenon,  which  consists  in  this,  that  when  a  galvanic  current  is  conducted 
through  the  living,  fresh,  sarcous  substance,  the  contents  muscular  hbre  exhibit  a  stre^^^ 

in- movement  ivom  the  positive  to  the  negative  pole  (as  in  all  other  fluids),  so  that  the  fibie 
^wTelk  at  the  nec^ative  pole  (Kuhne).  (c)  By  the  fact  that  wave-movements  have  been  observed 
rpass  alo7g  r^^^^^^^^^  fibre.  \d)  Direct  observation  has  shown  that  a  smal  pai^sitic  rouiKl 
woL  (Myo?yctes  Weismanni)  moved  freely  in  the  sarcous  substance  wi  hin  the  sarcolemma. 
while  the  semi-solid  mass  closed  up  in  the  tract  behind  it  {Kuhne,  .Eberth).  . 

9  pirsed  Light.-The  contractile  substance  doubly  refracts  light,  and  is  said  to  be  aniso- 
tropous  while  the  ground  substance  causes  single  refr.action,  and  is  isotropous.  According 
to  BrUcke  muscle  bfhaves  like  a  doubly  refractive,  positively  uniaxial  body  whose  optical  axis 
lies  the  Ion '  axis  of  the  fibre.  When  a  muscular  fibre  is  examined  under  the  polarisation 
Soscope  the  doubly  refractive  substance  is  recognised  by  its  appearing  brigU  in  the  dark 
S  ot  ?  P  nSoscope^when  the  Nicols  are  crossed  (§  297).  During  contraction  of  the  mus- 
Sr  fibre  fte  cont^^^^^^  part  of  the  fibre  becomes  narrower,  and  at  the  same  time  broader 
whilst  the  optica  constan  s  do  not  thereby  undergo  any  change.  Hence,  Brncke  concludes 
That  the  contS  eTscs  are  not  simple  bodies  like  crystals,  but  must  consist  of  a  whole  series 
of  smaircWy  ^^^^^^^^^^      elements  arranged  in  groups  which  change  their  position  during 

'^S%ntstSi»B'o{' V  tbr»r.e  sl,o,™  that  during  the  process  of  pwtl,  ot  the  tiss.e, 

decidedly  acid.]  j„„fT, 
The  chemical  composition  of  muscle  undergoes  a  great  change  after  death 
owLg  to  the  spontaneous  coagulation  of  a  proteid  within  the  muscular  fib  es.  As 
froA  muscles  may  be  frozen  and  thawed,  and'  stiU  remain  contrac  lie,  they 
cannot  therefore,  be  greatly  changed  by  the  process  of  freezmg.  Kuhne  bled 
rogs  Vld  thei;  muscles  to  10=  or^7°  C,  pounding  them  m  an  -d  niortei^^and 
exoressed  their  iuice  through  linen.  The  nice  so  expressed,  when  filteied  in  the 
cold  orm  a  neutral,  or  alkaline,  slightly  yellowish,  opalescent  fiujd,  the  s^  aUed 
'CiisPle-nlasma"  Like  blood-plasma,  it  coagulates  spontaneously  at  first  it  is 
like Tunfforsoft  jelly,  but  Jon  becomes -opaque ;  doubly  refractive  fibres  and 
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specks  similar  to  the  fibrin  of  blood,  appear  in  the  jelly,  and  as  these  begin  to  con- 
tract, they  squeeze  out  of  the  jelly  an  aaVZ  "  muscle-serum."  [Halliburton  finds 
that  the  muscles  of  warm-blooded  animals  yield  a  similar  muscle-plasma.]  Cold 
prevents  or  delays  the  coagulation  of  the  muscle-plasma;  above  0°,  coagulation 
occurs  very  slowly,  and  the  rapidity  of  coagulation  increases  rapidly  as  the  tempera- 
ture rises,  while  coagulation  takes  place  very  rapidly  at  40°  C.  in  cold-blooded 
animals  or  at  48°  to  50°  C.  in  warm-blooded  nmscles.  The  addition  of  distilled 
water  or  an  acid  to  muscle-plasma  causes  coagulation  at  once.  The  coagulated 
l)roteid,  most  abundant  in  muscle,  and  which  arises  from  the  doubly  refractive 
substance,  is  called  "myosin"  (W.  Kiihne). 

Myosin.  It  is  a  globulin  {§  245),  and  is  soluble  in  strong  (10  per  cent.)  solution  of  common 

salt  and  is  a^ain  precipitated  from  such  a  solution  by  dilution  with  water,  or  by  the  addition 
of  very  smairquantities  of  acids  (O'l  to  0  2  per  cent,  lactic  or  hydrochloric  acid).  It  is  soluble 
in  dilute  alkalies  or  slightly  stronger  acids  (0"5  per  cent,  lactic  or  hydrochloric  acid),  and  also 
in  13  per  cent,  ammonium  chloride  solution.  [The  more  myosin  is  freed  from  salts  (especially 
of  calcium)  by  washing,  the  more  insoluble  does  it  become,  both  in  saline  solutions  and  weak 
liydrochloric  acid.  When  once  precipitated  from  its  solution,  it  can  be  redissolved,  reprecipi- 
tated,  and  again  undergo  coagulation  a  second  or  even  a  third  time  (Halliburton).']  Like  fibrin, 
myosin  rapidly  decomposes  hydric  peroxide.  When  treated  with  dilute  hydrochloric  acid  and 
heat,  it  is  very  rapidly  changed  into  syntonin  (§  245).  Myosin  may  be  extracted  from  muscle 
by  a' 10  to  15  per  cent,  solution  of  NH4CI,  and  if  it  be  heated  to  65°,  it  is  precipitated  again 
{Danieleioskij).  Danielewsky  succeeded  in  partly  changing  syntonin  into  myosin  by  the  action 
of  milk  of  lime  and  ammonium  chloride.  Myosin  occurs  in  other  animal  structures  (cornea), 
nay,  even  in  some  vegetables  (0.  Nasse). 

Muscle-serum,  according  to  Kiihne,  still  contains  three  proteids  (2-3  to  3  per 
cent.),  viz.  :— 1.  Alkali-albuminate,  which  is  precipitated  on  adding  an  acid,  even 
at  20°  to  24°  C.  2.  Ordinary  serum-albumin,  1-4  to  1-7  per  cent.  (§  32,  a),  which 
coagulates  at  73°  C.    3.  An  albuminate  which  coagulates  at  47°  C. 

[Halliburton  finds,   however,   the  following  proteids  in  muscle-plasma. — 


Koine. 

Precipitated  by 
Heat  at 

Saturation  with  NaCl  or  Na2S04 ; 

Paramyosinogen,  . 

Myosinogen, 

Myoglobulin, 

Albumin,  .... 
Myoalbumose, 

47°  C. 

56° 
63° 
73° 
Not  i 

Causes  precipitation. 
>>  i> 
i>  >) 

No  1 

No  I 

Proteids  which  go  to 
form  muscle-clot. 

Proteids  of  the 
muscle-serum. 

Although  the  first  two  go  to  form  the  clot  of  muscle  or  myosin,  paramyosinogen  is 
not  essential  for  coagulation.  Besides  these  bodies  there  are  haemoglobin  and 
also  myo-haematin,  which  is  not  identical  with  the  blood-pigment.  It  can  be  ex- 
tracted by  ether  from  muscle  {e.g.,  the  breast  muscle  of  a  pigeon),  whereby  the  ether 
becomes  red.    It  can  exist  in  an  oxidised  and  reduced  condition  [MacMunn).^ 

The  other  chemical  constituents  of  muscle  have  been  referred  to  in  treating  of 
ilesh  (§  233).  1.  Muscle-ferments. — Briicke  found  traces  of  pepsin  and  peptone 
in  muscle-juice,  [the  latter  is  denied  by  Halliburton] ;  Piotrowsky,  a  trace  of  a 
diastatic  ferment.  [When  muscle  becomes  acid,  as  in  rigor  mortis,  the  pepsin  at  a 
suitable  temperature  (35°  to  40°  C.)  acts  on  the  proteids,  and  albumoses  and  peptones 
are  formed.  Halliburton  found  a  myosin-ferment  which  has  the  characters  of  an 
albumose.  2.  In  addition  to  volatile  fatty  acids  (formic,  acetic,  butyric),  there  are 
two  isomeric  forms  of  lactic  acid  (CgHyO.^)  present  in  muscle  with  an  acid  reaction  : 
— (a)  Ethylidene-lactic  acid,  in  the  modification  known  as  right  rotatory  sarcolaclic 
or  paralactic  acid,  which  occurs  only  in  muscles,  and  some  other  animal  structures. 
(6)  Ethylene-lactic  acid  in  small  amount  (§  251,  3,  c).  It  was  formerly  assumed 
that  lactic  acid  is  formed  by  fermentation  from  the  carbohydrates  of  the  muscle 
(glycogen,  dextrin,  sugar),  and  Maly  has  observed  that  paralactic  acid  is  occa- 
sionally formed  when  these  bodies  undergo  fermentation.    According  to  Bohm, 
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however,  the  glycogen  of  muscle  does  not  pass  into  lactic  acid,  as  during  rigor 
mortis,  if  putrefaction  be  prevented,  the  atnount  of  glycogen  does  not  diminish. 
If  muscle  be  suddenly  boiled  or  treated  with  strong  alcohol,  the  ferment  is  destroyed, 
and  hence  the  acidification  of  the  muscular  tissue  is  prevented  {Du  Jiois-Reymond). 
Acid  potassiiivi  'pliusphatt  also  contributes  to  the  acid  reaction.  3.  Camin 
{Qy^H^fi,^  which  is  changed  by  bromine  or  nitric  acid  into  sarkin,  occurs  to  the 
extent  of  1  per  cent,  in  Liebig's  extract  of  meat  ( Weidel).  4.  Urea,  0"01  per  cent, 
(^Haycraft).  [There  is  much  urea  in  the  muscles  of  the  skate.]  5.  Glycoym 
occurs  to  the  amount  of  over  1  per  cent,  after  copious  flesh  feeding,  and  to  0*5 
per  cent,  during  fasting.  It  is  stored  up  in  the  muscles,  as  •  well  as  in  the  liver, 
during  digestion,  but  it  disappears  during  hunger.  It  is  perhaps  formed  in  the 
muscles  from  proteids  (§  174,  2).  6.  Lecitldn,  derived  in  part  from  the  motor 
nerve-endings  (§  23  and  §  251).  7.  The  gases  are  CO.2  (15  to  18  vol.  per  cent.), 
partly  absorbed,  partly  chemically  united  ;  some  absorbed  N,  but  no  O,  although 
muscle  continually  absorbs  0  from  the  blood  passing  through  it  {L.  Heimann). 
The  muscles  contain  a  substance  whose  decomposition  yields  CO^.  When  muscles 
are  exercised,  this  substance  is  used  up,  so  that  severely  fatigued  muscles  yield 
less  CO2  {Stmzing).    [All  muscles  have  not  the  same  chemical  composition.] 

294.  METABOLISM  IN  MUSCLE.— [In  living  muscle  we  have,  to  study  the 
transformations  of  energy,  and  the  chemical  changes  on  which  these  depend.  But 
as  we  cannot  examine  the  chemical  changes  which  occur  during  a  contraction,  we 
are  confined  to  a  study  of  (1)  the  composition  of  a  muscle  before  and  after  contrac- 
tion, and  (2)  the  effect  of  contraction  on  the  medium  surrounding  or  passing  through 
a  muscle.  We  may  observe  the  effect  produced  by  a  muscle  upon  air  or  other 
gases  to  which  an  excised  muscle  is  exposed,  or  we  may  investigate  the  changes 
which  the  blood  undergoes  in  passing  through  a  muscle,  and  if  the  muscle  be  still 
in  situ,  the  effect  upon  the  general  excreta.  These  methods  may  be  applied  to 
muscle  in  various  conditions,  passive  or  active,  dead  or  dying,  to  excised  muscles 
or  those  still  under  normal  circumstances.] 

I.  A  passive  muscle  continually  absorbs  a  certain  amount  of  O  from  the  blood 
flowing  through  its  capillaries,  and  returns  a  certain  amount  of  COg  to  the  blood- 
stream. The  amount  of  COg  given  off  is  less  than  corresponds  to  the  amount  of  O 
absorbed.  Excised  muscles  freed  from  blood  exhibit  an  analogous  but  diminished 
gaseous  exchange.  As  an  excised  muscle  remains  longer  excitable  in  0  or  in  air 
than  in  an  atmosphere  free  from  O,  or  in  indifferent  gases,  we  must  conclude  that  the 
above-named  gaseous  exchange  is  connected  with  the  normal  metabolism,  and  is 
a  condition  on  which  the  life  and  activity  of  the  muscle  depend.  [Resting 
living  muscles  also  exhale  COg.] 

If  a  livine  muscle  be  excised,  ami  if  blood  be  perfused  through  its  blood-vessels,  the  amount 
of  0  used  up  is  within  pretty  wide  limits,  almost  independent  of  temperature  ;  if  the  variations 
of  temperature 'be  great,  it  rises  and  falls  with  the  temperature.  The  CO2  given  off  by  muscular 
tissue  (less  than  the  0  used  up)  falls  when  the  muscle  is  cooled,  but  it  is  not  increased  when 
the  muscle  is  subsequeutlv  warmed  {FMbner).  -    .       ,  j     ^  ix. 

This  exchauce  of  gases  must  be  distinguished  from  the  putrefactive  phenomena  due  to  the 
development  of  living  organisms  in  the  muscle.  These  putrefactive  phenomena  are  also  con- 
nected with  the  consumption  of  0  and  the  excretion  of  COo,  and  occur  soon  after  death  {L. 
Hermann). 

II.  In  an  active  muscle  the  blood-vessels  are  always  dilated  {Ludwig  and 
Sczeikow,  GasheU)—&  condition  pointing  to  a  more  lively  material  exchange  in  the 
oro-an  [The  dilatation  of  the  blood-vessels  can  be  observed  microscopically  in  the 
contracting  mylo-hyoid  muscle  of  the  frog.]  Hence,  the  active  muscle  is  distin- 
guished from  the  passive  one  by  a  series  of  chemical  transformations. 

1  Reaction  —The  neutral  or  feebly  alkaline  reaction  of  a  passive  muscle  (also 
of  the  non-striped  variety)  passes  into  an  add  reaction  during  the  activity  of  the 
muscle  owing  to  the  formation  of  paralactic  acid  {Du  Bois-Reymond,  IboU) ;  the 
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deo-ree  of  acidity  increases  up  to  a  certain  extent,  according  to  the  amount  of  work 
performed  by  the  muscle  (li.  Heidenhnin).  The  acidification  is  due,  according  to 
Weyl  and  Zeitler,  to  the  phosphoric  acid  produced  by  the  decomposition  of  lecitliin 
and  C?  nuclein). 

It  is  doubtful  if  the  acidity  is  duo  to  lactic  acid,  as  Warren  and  Astaschewsky  liud  that 
there  is  less  lactic  acid  in  the  active  than  in  the  passive  muscle.  Mavcuse,  however,  supports 
the  lactic  acid  theoi'v,  while  Moleschott  and  Battistini,  agree  that  the  passive  muscle  contains 
acid.' but  the  fatigued'  muscle  contains  more,  especially  of  phosphoric  acid  and  COo. 

2.  Production  of  CO.,. — An  active  muscle  excretes  considerably  more  COo  than 
a  passive  one  : — («)  active  muscular  exertion  on  the  part  of  a  man  or  of  animals 
increases  the  amount  of  CO.^  given  off  by  the  lungs  (§  127)  ;  (6)  venous  blood  flow- 
ing from  a  tetauised  muscle  of  a  limb  contains  more  COo,  more  CO.2  being  formed 
than  corresponds  to  the  O,  which  has  simultaneously  been  absorbed  {Ludivicj  and 
Sczelkoiv).  The  same  result  is  obtained  when  blood  is  passed  through  an  excised 
muscle  artificially ;  (c)  an  excised  muscle  caused  to  contract  excretes  more  COo. 
(Compare  §  368.) 

3.  Consumption  of  Oxygfen. — An  active  muscle  uses  up  more  O — {a)  when 
more  muscular  work  is  done,  the  body  absorbs  much  more  O  (§  217) — even  4  to  5 
times  as  much  {Regnaidt  and  Reiset) ;  (h)  venous  blood  flowing  from  an  active 
muscle  of  a  limb  contains  less  O  {Ludwig,  Sczelkoiv,  and  Al.  Sclimidt).  Neverthe- 
less, the  increase  of  0  used  up  by  the  active  muscle  is  not  so  great  as  the  amount 
of  COo  given  off  {v.  Pettenkofer  and  v.  Voit).  The  increase  of  0  used  up  may  be 
ascertained  even  during  the  period  of  rest  directly  following  the  period  of  activity, 
and  the  same  is  the  case  with  the  CO2  excreted  (y.  Frey). 

As  yet,  it  is  not  possible  to  prove  by  gasometric  methods,  that  O  is  used  up  in 
an  excised  muscle  free  from  blood.  Indeed,  the  presence  of  O  does  not  geem  to 
be  absolutely  necessary  for  the  activity  of  muscle  during  short  periods,  as  an 
excised  muscle  may  continue  to  contract  in  a  vacuum,  or  in  a  mixture  of  gases 
free  from  O,  and  no  O  can  be  obtained  from  muscular  tissue  (Z.  Htrmami).  A 
frog's  muscles  rob  easily  reducible  substances  of  their  O  ;  they  discharge  the  colour 
of  a  solution  of  indigo ;  muscles  which  have  rested  for  a  time,  acting  less 
energetically  than  those  which  have  been  kept  in  a  state  of  continued  activity 
{Griitzner,  Gscheidlen). 

4.  Glycogen. — The  amount  of  glycogen  (0'43  per  cent,  in  the  muscles  of  a  frog 
or  rabbit)  and  grape-sugar  is  diminished  in  an  active  muscle  (0.  Nasse,  Weiss),  but 
muscles  devoid  of  glycogen  do  not  lose  their  excitability  and  contractility.  Hence, 
glycogen  is  certainly  not  the  direct  source  of  the  energy  in  an  active  muscle. 
Perhaps  it  is  to  be  sought  for  in  an  as  yet  unknown  decomposition-product  of 
glycogen  (Luchsinger).  [There  is  more  glycogen  in  the  red  than  in  the  pale 
muscles  of  a  rabbit.] 

5.  Extractives." — An  active  muscle  contains  less  extractive  substances  soluble  in 
water,  but  more  extractives  soluble  in  alcohol  (v.  Helmholtz,  1845);  it  also 
contains  less  of  the  substances  which  form  COg  {Ranke) ;  less  fatty  acids 
(Sczelkoiv) ;  less  kreatin  and  kreatinin  (v.  Voit). 

6.  During  contraction,  the  amount  of  water  in  the  muscular  tissue  increases, 
while  that  of  the  blood  is  correspondingly  diminished  (J.  Ranke).  The  solid 
substances  of  the  blood  are  increased,  while  they  (albumin)  are  diminished  in  the 
lymph  {Fano). 

7.  Urea. — The  amount  of  urea  excreted  from  the  body  is  not  materially 
increased  during  muscular  exertion  (v.  Voit,  Fick  and  Wislicenus).  According  to 
Parkes,  however,  although  the  excretion  of  urea  is  not  increased  immediately,  yet 
after  1  to  1^  day  there  is  a  slight  increase.  The  amount  of  work  done  cannot  be 
determined  from  the  amount  of  albumin  which  is  changed  into  urea. 

[Eelation  of  Muscular  Work  to  Urea.— Ed.  Smith,  Parkes,  and  others  have  made  numerous 
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investigations  on  this  subject.  Fick  and  M'isliceuus  (1866)  ascended  the  Faulhoni,  and  for 
seventeen  hours  liel'oro  imd  for  six  hours  after  the  ascent  no  proteid  food  was  taken— the  diet 
con-sisting  of  cakes  made  of  fat,  sugar,  and  starch.  The  urine  was  collected  in  three  periods,  as 
follows : — 


Kick. 

Wlsllcenug. 

1.  Urea  of  11  hours  before  the  ascent,  . 

2.  „        8     ,,    during  „ 

3.  ,,        6     ,,  after 

238-55  grs. 

'Zit :; ! 

221  -05  grs. 
103-46  „  >    „„  . 
79-89  „  S  ^""^ 

A  hearty  meal  was  taken  after  this  period,  and  the  urine  of  the  next  eleven  hours  after  the 
period  of  rest  contained  159-15  grains  of  urea  {Fie?c),_  and  176 '71  (  Wisliecmis).  All  the  experi- 
ments go  to  show  that  the  amount  of  urea  excreted  in  the  urine  is  far  more  dependent  upon  the 
nitiogen  ingested,  i.e.,  the  nature  of  the  food,  than  upon  the  decomposition  of  the  muscular 
substance.  A  vegetable  diet  diminishes,  while  an  animal  diet  greatly  increases,  the  amount  of 
urea  in  the  urine.  North's  researches  confirm  those  of  Parkes,  but  he  finds  that  the  disturbance 
produced  by  severe  muscular  labour  is  considerable.  The  elimination  of  phosphates  is  not 
affected,  while  the  sulphates  in  the  urine  are  increased.] 

During  the  activity  of  a  muscle,  all  the  groups  of  the  chemical  substances 
present  in  muscle  undergo  more  rapid  transformations  {J.  Ranlce).  It  is  still  a 
matter  of  doubt,  therefore,  whether  we  may  assume  that  the  kinetic  energy  of  a 
muscle  is  chiefly  due  to  the  transformation  of  the  chemical  energy  of  the 
carbohydrates  which  are  decomposed  or  used  up  in  the  process  of  contraction.  As 
yet  we  do  not  know  whether  the  glycogen  is  supplied  by  the  blood-stream  to  the 
muscles,  perhaps  from  the  liver,  or  whether  it  is  formed  within  the  muscles 
themselves  from  some  unknown  derivative  of  the  proteids.  The  normal  circulation 
is  certainly  one  of  the  conditions  for  the  formation  of  glycogen  in  muscle,  as 
glycogen  diminishes  after  ligature  of  the  blood-vessels  (Chandelon).  A  muscle  in 
which  the  blood  circulates  freely  is  capable  of  doing  more  work  than  one  devoid  of 
blood,  and  even  in  the  intact  body,  more  blood  is  always  supplied  to  the  contracted 
muscles. 

[Source  of  Muscular  Energy. — The  experiment  of  Pick  and  Wislicenus 
definitely  proved  that  the  proteids  are  not  the  exclusive,  or  by  any  means  the 
chief  source  of  muscular  energy.  As  it  is  conclusively  proved,  that  during 
muscular  work,  there  is  a  great  increase  in  the  amount  of  O  absorbed,  and  COo 
given  off,  it  is  evident  that  the  non-nitrogenous  substances  of  the  food  must  be 
the  chief  sources  of  this  energy.  We  turn  naturally  to  the  carbohydrates,  and  as 
the  latter  are  chiefly  stored  up  in  the  form  of  glycogen  in  the  muscles,  it  is 
assumed  that  glycogen  is  the  chief  source  of  the  energy.  Glycogen  in  muscle 
diminishes  during  muscular  work,  and  is  stored  up  during  rest  {Beniard).  Kiilz 
also  found  that  in  dogs  the  glycogen  disappears  from  the  liver  during  work,  and 
Voit  found  that  the  muscle-glycogen  disappears  before  that  in  the  liver.  It 
appears,  therefore,  that  the  carbohydrates  are  a  source  of  muscular  energy.  But 
they,  again,  are  not  the  only  source.  It  is  highly  probable  that  glycogen  can  be 
formed  from  proteids,  and  it  is  allowable,  therefore,  to  assume  that  pi-otfids  may 
also  serve  as  a  source  of  muscular  energy.  If  this  be  not  so,  it  is  difficult  to 
understand  how  carnivora  can  be  fed  and  maintained  iu  good  health  for  long 
periods  on  lean  flesh.  The  fats  are  probably  also  another  source.  Hence,  it  would 
appear  that  all  three  of  the  chief  groups  of  food-stuffs — carbohydrates,  proteids, 
and  fats — may  serve  as  the  source  of  muscular  energy ;  but  that,  so  long  as  non- 
nitrogenous  elements  are  supplied  in  the  food  in  sufficient  quantity,  or  are  stored 
up  in  the  body,  the  muscles  do  their  work  chiefly  on  these.  After  they  are  used  up, 
the  proteids  are,  as  it  were,  called  up.j 

295.  RIGOR  MORTIS.— Cause.— Excised  striped,  or  smooth  muscles,  and 
also  the  muscles  of  an  intact  body,  at  a  certain  time  after  death,  pass  into  a 
condition  of  rigidity— cadaveric  rigidity  or  rigor  mortis.    When  all  the  muscles 
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of  a  corpse  are  thus  affected,  tlie  whole  cadaver  becomes  completely  stiff  or  rigid 
The  cau  e  of  this  phenomenon  depends  upon  the  spontaneous  coagulation  of  a 
nroteid  viz  the  myosin  of  the  muscular  fibres  {Kahne).  Under  certain  circum- 
tances  the  coaguktion  of  the  other  proteids  of  the  muscle  may  increase  the 
Sv  Du^i^°  the  process  of  coagulation,  an  acid  is  formed,  heat  is  set  free 
iv  ]Vahher  Fich~%  223),  owing  to  the  passage  of  the  fluid  myosin  into  the  solid 
condi^on,  and  also  to  the  simultaneous  and  subsequently  increased  density  of  the 

^'properties  of  a  Muscle  in  Rigor  Mortis.-It  is  shorter,  thicker,  and  somewhat 
,\^n^J(8chmnlewitsch);  stiff,  compact,  and  solid;  turbid  and  opaque  (owing  to 
the  coagulation  of  the  myosin)  ;  incompletely  elastic,  less  extensible,  and  more 
easily  torn  or  ruptured;  it  is  completely  inexcitable  to  stimuli;  the  muscular 
electrical  current  is  abolished,  (or  there  is  a  slight  current  in  the  opposite  direction); 
its  reaction  is  acid,  owing  to  the  formation  of  both  forms  of  lactic  acid  (§  2JJ), 
alvcero-phosphoric  acid  (Diakanow) ;  while  it  also  develops  free  COo-  W  hen 
an  incision  is  made  into  a  rigid,  muscle,  a  fluid,  the  muscle-serum,  appears 
spontaneously  in  the  wound  (§  293). 

The  first  formed  lactic  acid  converts  the  salts  of  the  muscle  into  acid  salts  ;  thus,  potassium 
lactate  aud  acid  potassium  phosphate  are  formed  from_  potassium  phosphate.  The  lactic  acid, 
which  is  formed  thereafter,  remains  free  aud  ununited  in  the  muscle  •     ..i       t  • 

Amoimt  era  ycogen._The  newest  observations  of  Bbhm  are  against  the  view  t^iat  dunng 
ri^Jr  mortis,  a  partial  or  complete  transformation  of  the  glycogen  into  sugar  and  then  into 
k°ctic  acid  takes  place.    During'digestion,  a  temporary  storage  ot  g^y^°f  ^^"^'^XTiv  r  Th 
as  well  as  in  the  liver,  so  that  about  as  much  is  found  m  the  "^f  ««/V^\S?  W  wPuted 
is  no  diminution  of  the  glycogen  when  rigidity  takes  place  provided  putrefaction  be  Pi evented 
so  that  the  lactic  acid  of  ligid  muscles  cannot  be  formed  from  glycogen,  but  more  probably  it 
is  formed  from  the  decomposition  of  the  albuminates  {Deviant,  £ohvi)._  ,    ,    ,  r  p„„7.,s  . 

The  amount  of  acid  does  not  vary,  whether  the  rigidity  occurs  rapidly  or  slowly  (■/.  HanU)  , 
when  acidification  begins,  the  rigidity  becomes  more  marked,  owing  to  the  coagulation  ot  tbe 
alkali-albuminate  of  the  muscle.  Less  CO,  is  formed  from  a  rigid  muscle  the  more  C0„  it  has 
given  off  previously,  during  muscular  exertion.  A  rigid  muse  e  gives  off  N,  and  absoibs  O.  In 
a  cadaveric  rigid  muscle,  fibrin-ferment  is  present  {Al,  Sch,mdt  and  f  I*  *° 
product  of  protoplasm,  and  is  never  absent  where  this  occurs  (Kauschenbach).  [The  myosm- 
fermeut  seems  not  to  be  identical  with  the  fibrin-ferment  (p.  463).] 

[Rigor  Mortis  and  Coagulation  of  Blood.— Thus,  there  is  a  marked  analogy 
between  the  coagulation  of  the  blood  aud  that  of  muscle.  In  both  cases,  a  fluid 
body  yields  a  solid  body,  fibrin  from  blood,  and  myosin  from  muscle  ;  the  coagula- 
tion of  blood  is  prevented  by  neutral  salts,  and  so  is  the  coagulation  of  myosin  ; 
dilution  of  the  salted  plasma  produces  coagulation  in  both  cases  ;  and  perhaps  the 
coagulation  in  both  is  due  to  the  action  of  a  ferment,  the  one  the  fibrin-ferment 
the  other  the  myosin-ferment.  There  are,  however,  points  of  difference,  for 
myosin  can  be  dissolved,  reprecipitated,  and  coagulated  several  times,  while  fibrin 
does  not  undergo  recoagulation ;  the  formation  of  myosin  from  myosinogen,  again, 
is  accompanied  by  the  development  of  an  acid,  whereas  that  of  fibrin  from 
fibrinogen  is  not;  further,  the  formation  of  myosin  is  not  accompanied  by  the 
formation  of  another  globulin,  whereas  that  of  fibrin  from  fibrinogen  is.] 

Stages  of  Rigidity.— Two  stages  are  recognisable  in  cadaveric  muscles  : — In 
the  first  stage,  the  muscle  is  rigid,  but  still  excitable  ;  in  this  stage  the  myosin 
seems  to  be  in  a  jelly-like  condition.  Restitution  is  still  possible  during  this  stage. 
In  the  second  stage,  the  rigidity  is  well  proriounced,  with  all  the  phenomena 
above  mentioned. 

The  onset  of  the  rigidity  varies  in  man  from  ten  minutes  to  seven  hours  [but  as 
a  rule  it  is  complete  within  four  to  six  hours  after  death.  The  muscles  of  the  jaws 
are  first  affected,  then  those  of  the  neck  and  trunk,  afterwards  (as  a  rule)  the 
lower  limbs,  and  finally  the  upper  limbs].  Its  duration  is  equally  variable— one 
to  six  days.    After  the  cadaveric  rigidity  has  disappeared,  the  muscles,  owing  to 
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further  decomijositions  and  an  alkaline  reaction,  become  soft,  and  tlie  rigidity  dis- 
appears (N'>/st('ii).  The  onset  of  the  rigidity  is  always  preceded  by  a  loss  of  nervous 
activity.  Hence,  the  muscles  of  the  head  and  neck  are  lirst  affected,  and  the  other 
muscles  in  a  descending  series  352).  Disappearance  of  the  rigidity  occurs  first  in 
the  muscles  first  affected  (A^z/steti).  Great  muscular  activity  before  death  (e.y.,  spasms 
of  tetanus,  cholera,  strychnin,  or  opium  poisoning)  causes  rapid  and  intense  rigidity; 
hence,  the  heart  becomes  rigid  relatively  rapidly,  and  strongly.  Hunted  animals 
may  become  affected  within  a  few  minutes  after  death.  Usually  the  rigidity  lasts 
longer  the  later  it  occurs,  liigidity  does  not  occur  in  a  foitus  before  the  seventh 
month.  A  frog's  muscle  cooled  to  0"  C.  does  not  begin  to  exhibit  cadaveric 
rigidity  for  four  to  seven  days. 

Stenson's  Experiment. — The  amount  of  blood  in  a  muscle  has  a  marked  effect 
upon  the  onset  of  the  rigidity.  Ligature  of  the  muscular  arteries  causes  at  first  in 
all  mammals  an  increase  of  the  muscular  excitability,  and  then  a  rapid  fall  of  the 
excitability  [Schmuleivitsch)  ;  thereafter  stiffness  occurs,  the  one  stage  following 
closely  upon  the  other  (Sivammerdam,  Nic.  Stenson,  1667).  [If  the  ligature  be 
removed  in  the  first  stage,  the  muscle  recovers,  but  in  the  later  stages  the  rigidity 
is  permanent.]  If  the  artery  going  to  a  muscle  be  ligatured,  Stannius  observed 
that  the  excitability  of  the  motor  nerves  disappeared  after  an  hour,  that  of  the 
muscular  substance  after  four  to  five  hours,  and  then  cadaveric  rigidity  set  in. 

Pathological. — When  the  blood-vessels  of  a  muscle  are  occluded,  by  coagulation  taking 
place  within  them,  rigidity  of  the  muscles  is  produced  (§  102).  True  cadaveric  rigidity  may  be 
produced  by  too  tight  bandaging ;  the  muscles  are  paralysed,  rigid,  and  break  up  into  flakes, 
while  tlie  contents  of  the  fibre  are  afterwards  absorbed  {R.  Volkmann).  Occlusion  of  the  blood- 
vessels of  muscles  by  infarcts,  especially  in  persons  with  atheromatous  arteries,  may  even  cause 
necrosis  of  the  muscles  implicated  {Finch,  Girandeau). 

If  the  circulation  be  re-established  during  the  first  stage  of  the  rigidity,  the 
muscle  soon  recovers  its  excitability  {Slannius).  When  the  second  stage  has  set 
in,  restitution  is  impossible  {Kiihne).  In  cold-blooded  animals,  cadaveric  rigidity 
does  not  occur  for  several  days  after  ligaturing  the  blood-vessels.  Brown-Sequard, 
by  injecting  fresh  oxygenated  blood  into  the  blood-vessels,  succeeded  in  restoring  the 
excitability  of  the  muscles  of  a  human  cadaver  four  hours  after  death,  i.e.,  during 
the  first  stage  of  cadaveric  rigidity.  Ludwig  and  Al.  Schmidt  found  that  the  onset 
of  cadaveric  rigidity  was  greatly  retarded  in  excised  muscles,  when  arterial  blood 
was  passed  through  their  blood-vessels.  Blood  deprived  of  its  O  did  not  produce 
this  effect.  Cadaveric  rigidity  occurs  relatively  early  after  severe  htemorrhage.  If 
a  weak  alkaline  fluid  be  perfused  through  the  blood-vessels  of  the  dead  muscles 
of  a  frog,  cadaveric  rigidity  is  prevented  (Schipilof). 

Section  of  Nerves. — Preliminary  section  of  the  motor  nerves  causes  a  later 
onset  of  the  rigidity  in  the  corresponding  muscles  (Broivn-Sequard,  Heineke).  [The 
same  result  occurs  after  a  hemi-sectiou  of  the  spinal  cord  or  after  removal  of  one 
cerebral  hemisphere  {Bierfreimd).]  In  fishes,  whose  medulla  oblongata  is  suddenly 
destroyed,  cadaveric  rigidity  occurs  much  more  slowly  than  in  those  animals  that 
die  slowly  (Blane). 

[Other  Influences.— Rigiditv  begins  much  later  i:i  the  red  (11  to  15  hours)  than  in  pale  muscles 
(1  to  3  hours  post-mortem)  ;  the  rigor  is  complete  in  the  white  muscles  in  10  to  14  hours,  m 
the  red  in  ,52  to  58  hours.  The  extent  of  shortening  due  to  the  rigor  is  2  to  2i  times  as  great 
as  in  the  white.  In  both  muscles  the  resolution  of  the  rigor  begins  12  to  lo  hours  after  the 
completion  of  the  rigidity,  so  that  the  i-ed  muscles  are  not  completely  rigid  before  the  other 
muscles  appear  to  have  passed  from  a  state  of  rigidity.  Temperature  has  a  marked  edect,  but  it 
acts  more  on  the  resolution  than  on  the  onset  of  the  rigor.  At  60°  C.  the  onset  begins  almost 
at  once,  and  is  complete  in  a  few  minutes  {Bie^f round).  Ether  and  chloroform  injected  intottu- 
blood-vessels  cause  almost  instantaneous  rigor  {Kiissmaul).] 

Rigidity  may  be  produced  artificially  by  various  reagents  :— 
1.  Heat  ["  Heat-stiffening  "]  causes  the  myosin  to  coagulate ^at  40°  C.  in  cold- 
blooded animals,  in  birds  about  53°  C,  and  in  mammals  at  48°  to  50°  C.  The 
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protoplasm  of  plants  and  animals,  e.g.,  of  the  amraba,  is  coagulated  by  heat,  giving 
rise  to  heat  rigor. 

Schinulcwitsch  found  that  the  longer  a  muscle  had  been  excised  from  the  body,  the  greater 
was  the  heat  required  to  produce  stiffening.    Heat-stiffening  differs  from  cadaveric  rigidity 

j.|j^^g  .  ^  j3  pev  cent,  sohition  of  ammonium  chloride  dissolves  out  the  myosin  from  a  cadaveric 

rio-id' muscle,  but  not  from  one  rendered  rigid  l.y  heat  {SchijiUoff).  If  the  ri^id  cadaveric 
muscles  of  a  frog  be  heated,  another  protoid  coagulates  at  45°,  and  lastly  at  75  the  serum- 
albumin  itself.    Hence,  both  processes  together  make  the  muscle  more  rigid  (§  295). 

2.  When  a  muscle  is  saturated  with  distilled  water,  it  produces  "water- 
stiffening  " — an  acid  reaction  being  developed  at  the  same  time. 

Muscles  rendered  stift'  by  water  still  exhibit  electromotive  phenomena,  while  muscles 
rendered  ri^id  by  other  means  do  not  [Bicdcrmann).  If  the  upper  limb  of  a  frog  be  ligatured, 
deprived  ot^its  skin,  and  dipped  in  warm  water,  it  becomes  rigid.  If  the  ligature  be  removed 
and  the  circulation  re-established,  the  rigidity  may  be  partially  set  aside.  If  there  be  well- 
marked  rigidity,  it  can  only  be  set  aside  by  placing  the  limb  in  a  10  per  cent,  solution  of  com- 
mon salt,  which  dissolves  the  coagulum  of  myosin  (Preyer). 

3.  Acids,  even  CO.,,  rapidly  produce  "acid-stiffening,"  which  is  probably 
different  from  ordinary  stiffening,  as  such  muscles  do  not  evolve  any  free  COg 
{L.  Hermann).  The  injection  of  O'l  to  0-2  per  cent,  solutions  of  lactic  or  hydro- 
chloric acid  into  the  muscles  of  a  frog  produces  stifEening  at  once,  which  may  be 
set  aside  by  injecting  0-5  per  cent,  solution  of  an  acid,  or  by  a  solution  of  soda,  or 
by  15  per  cent,  solution  of  ammonium  chloride.  The  acids  form  a  compound  with 
myosin  {Schijjilof). 

4.  Freezing  and  thawing  a  part  alternately,  rapidly  produce  stiffening  ;  and  it 
is  aided  by  mechanical  injuries. 

Poisons.— Rigor  mortis  is  favoured  by  quinine,  cafi'ein,  digitalin,  [a  concentrated  solution  of 
caffeiu  or  digitalin,  applied  to  the  muscle  of  a  frog,  produces  rigor  mortis],  veratrin,  hydrocyanic 
acid,  ether,  chloroform,  the  oils  of  mustard,  fennel,  and  aniseed  ;  direct  contact  of  muscular 
tissue  with  potassium  sulohocyanide  {Bcnuml,  Sctschcnow),  ammonia,  alcohol,  and  metallic  salts. 

Position  of  the  Body.-^The  attitude  of  the  body  during  cadaveric  rigidity  is  generally  that 
occupied  at  death  ;  the  position  of  the  limbs  is  the  result  of  the  varying  tensions  of  the  different 
muscles.  During  the  occurrence  of  rigor  mortis,  a  limb,  or  more  frequently  the  arm  and  fingers, 
may  move  {Sommer).  Thus,  if  stiffening  occurs  rapidly  and  firmly  in  certain  groups  of  muscles, 
this  may  produce  movements,  as  is  sometimes  seen  in  cholera.  If  cadaveric  rigidity  occurs  very 
rapidly,  the  body  may  occupy  the  same  position  which  it  did  at  the  moment  of  death,'  as  some- 
times happens  on  the  battle-field.  In  these  cases  it  does  not  seem  that  a  contracted  condition 
of  the  muscle  passes  at  once  into  rigor  mortis  ;  but  between  these  two  conditions,  according  to 
Briicke,  there  is  always  a  very  short  relaxation. 

Muscles  which  have  been  plunged  into  boiling  water  do  not  undergo  rigor  mortis,  neither  do 
they  become  acid  [Du  Bois-Rcymond),  nor  evolve  free  CO^  {L.  Hermann). 

Work  done  during  Eigidity. — A  muscle  in  the  act  of  becoming  stiff  will  lift  a  weight,  but 
the  height  to  which  it  is  lifted  is  greater  with  small  weights,  less  with  heavier  weights,  than 
when  a  living  muscle  is  stimulated  with  a  maximal  stimulus. 

Analogy  between  Contraction  and  Eigidity. — L.  Hermann  has  drawn  attention 
to  the  analogy  which  exists  between  a  muscle  in  a  state  of  contraction  and  one  in 
a  state  of  cadaveric  rigidity — both  evolve  COj  and  the  other  acids  from  the  same 
source ;  [both  acts  take  place  without  the  consumption  of  0].  The  form  of  the 
contracted  and  of  the  stiffened  muscles  is  shorter  and  thicker;  both  are  denser,  less 
elastic,  and  evolve  heat ;  in  both  cases,  the  muscular  contents  behave  negatively 
as  regards  their  electromotive  force,  in  reference  to  the  unaltered,  living,  resting 
substance.  Hence,  he  is  inclined  to  regard  a  muscular  contraction  as  a  temporary, 
physiological,  rapidly  disappearing  rigor.  Rigor  mortis  is  in  a  certain  sense  the 
last  flickering  act  of  a  living  muscle,  [and  he  regards  contraction  as  partial 
death  of  a  muscle.  But  this  is  no  explanation,  and  moreover  there  are  important 
points  of  difference.  We  have  no  proof  of  a  coagulum  being  formed  during  con- 
traction, while  the  extensibility  is  increased  during  contraction  and  much  diminished 
during  rigor.] 

Disappearance  of  Rigidity. — When  rigor  mortis  passes  off,  there  is  a  consider- 
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able  amoiiut  of  acid  formed  in  the  muscle,  wliich  dissolves  the  coagulated  myosin. 
After  a  time  putrefaction  sets  in,  accompanied  by  the  presence  of  micro  organisms 
and  the  evolution  of  ammonia  and  putrefactive  gases  (H.^S,  N,  COg — 184). 
[Hermann  and  Birerfreund  attach  much  importance  to  the  resolution  of  rigor 
mortis  independently  of  putrefaction.] 

Acconliug  to  Onimus,  tho  loss  of  excitability  wliich  iirecudos  tlu;  oii.set  of  rigor  morti.s  occurs 
ill  till)  Ibllowiiig  orilor  in  man  ; — loft  ventricle,  stoniiicli,  intestine  (55  minutes);  urinary  bladder, 
right  ventricle  (60  min.);  iris  (105  min.);  muscles  of  face  and  tongue  (180  niin.);  the  extensors 
of" tho  cxtromiti(!S  (about  one  hour  before  the  ilexors);  the  muscles  of  the  trunk  (five  to  six 
hours).    The  a>sophagus  remains  excitable  for  a  long  time  (§  325). 

296.  MUSCULAR  EXCITABILITY.— By  the  term  excitability  or  irrita- 
bility of  a  muscle,  is  meant  that  property  of  a  muscle  in  virtue  of  which  it  responds 
to  stimuli,  at  the  same  time  becoming  shorter  and  correspondingly  thicker.  The 
condition  of  excitement  is  the  active  condition  of  a  muscle  produced  by  the  applica- 
tion of  stimuli,  and  is  usually  indicated  by  the  act  of  contraction.  Stimuli  are 
simply  various  forms  of  energy,  and  they  throw  the  muscle  into  a  state  of  excite- 
ment, while  at  the  moment  of  activity  the  chemical  energy  of  the  muscle  is  trans- 
formed into  work  and  heat,  so  that  stimuli  act  as  "  liberating  "  or  "discharging- 
forces."  [These  "  discharging  forces  "  may  themselves  be  very  feeble,  but  they 
are  capable  of  causing  the  manifestation  of  the  transformation  of  a  large  amount 
of  energy.]  The  normal  temperature  of  the  body  is  most  favourable  for  main- 
taining the  normal  muscular  excitability  ;  the  excitability  varies  as  the  tempera- 
ture rises  or  falls. 

As  long  as  the  blood-stream  within  a  muscle  is  uninterrupted,  the  first  effect 
of  stimulation  of  a  muscle  is  to  increase  its  energising  power,  partly  because  the 
circulation  is  more  lively  and  the  blood-vessels  are  dilated,  but  after  a  time,  the 
energising  power  is  diminished.  Even  in  excised  muscles,  especially  when  the 
large  nerve-trunks  have  already  lost  their  excitability,  the  excitability  is  increased 
after  a  stimulus,  so  that  the  application  of  a  series  of  stimuli  of  the  same  strength 
causes  a  series  of  contractions  which  are  greater  than  at  first  (Wuiidt).  Hence, 
we  account  for  the  fact  that,  although  the  first  feeble  stimulus  may  be  unable  to 
discharge  a  contraction,  the  second  may,  because  the  first  one  has  increased  the 
muscular  excitability  {Fick). 

Effects  of  Cold.— If  the  muscles  of  a  frog  or  tortoise  be  kept  in  a  cool  place,  they  mav  remain 
excitable  for  ten  days,  while  the  muscles  of  warm-blooded  animals  cease  to  be  excitable  alter 
one  and  a  half  to  two  and  a  half  hours.  (For  the  heart  see  §  55.)  A  muscle,  when  stimulated 
directly,  always  remains  excitable  for  a  longer  time  when  its  motor  nerve  is  already  dead. 

[Independent  Muscular  Excitability.— Since  the  time  of  Albrecht  v.  Haller,  and 
R  Whytt,  physiologists  have  ascribed  to  muscle  a  condition  of  excitabdity  which 
is  entirely  independent  of  the  existence  of  motor  nerves,  but  is  dependent  on  certain 
constituents  of  the  sarcous  substance.  Excitability,  or  the  property  of  responding 
to  a  stimulus,  is  a  widely  distributed  function  of  protoplasm  or  its  modifications 
A  colourless  blood-corpuscle  or  an  amoeba  is  excitable,  and  so  are  secretory  and 
nerve-cells.  In  the  first  case,  the  application  of  a  stimulus  results  in  motion  m 
an  indefinite  direction,  in  the  second  in  the  formation  of  a  secretion,  and  in  the 
third  in  the  discharge  of  nerve-energy.  In  the  case  of  muscle,  a  stimulus  causes 
movement  in  a  definite  direction,  called  a  contraction,  and  depending  on  the  con- 
tractility of  the  sarcous  substance.  There  are  many  considerations  which  show,  that 
excitability  is  indejyendent  of  the.  nervous  system,  although  in  the  higher  animals, 
nerves  are  the  usual  medium  through  which  the  excitability  is  brought  into  action. 
Plants  however  are  excitable,  and  they  contain  no  nerves.]  ,  . 

Numerous  experiments  attest  the  "  independent  excitability    of  muscle 
There  are  chemical  stimuli,  which  do  not  cause  movement  when  applied  to  motor 
nerves  but  do  so  when  they  are  applied  directly  to  muscle  ;  ammonia,  lime  water, 
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carbolic  acid.  2.  The  ends  of  the  sartorius  of  the  frog,  in  which  no  nerve-termina- 
tions are  observable  by  means  of  the  microscope,  contract  when  they  are  stimulated 
directly  (Kuhne).  3.  Curara  paralyses  the  extremities  of  the  motor  nerves,  while 
the  muscles  themselves  remain  excitable  {CI.  Bernard,  K'ullilcer).  _  The^  action  of 
cold,  or  arrest  of  the  blood  sivpply  in  an  animal,  abolishes  the  excitability  of  the 
nerves  but  not  of  the  muscles  at  the  same  time.  4.  After  section  of  its  nerve,  a 
muscle  still  remains  excitable,  even  after  the  nerves  have  undergone  fatty  degenera- 
tion (^row«.-.S'rt/«««7-c^,  Bidder).  5.  Sometimes  electrical  stimuli  act  only  upon  the 
nerves  and  not  upon  the  muscle  itself  (Bruc/ce).  [6.  The  fo2tal  heart  contracts 
rhythmically  before  any  nervous  structures  are  discoverable  in  it.] 

[The  Action  of  Curara. — Curara,  woorali,  urari,  or  Indian  arrow  poison  of  South  America,  is 
the  inspissated  juice  of  the  Strychnos  crovauxi.  A  watery  extract  of  the  drug,  when  injected 
uiider  the  skin  or  into  the  blood  of  an  animal,  acts  chietiy  upon  the  motor  nerve-endings,  and 
does  not  affect  the  muscular  contractility.  An  active  substance,  curarin,  has  been  isolated 
from  it  (p.  474).  Poison  a  frog  by  injecting  a  few  milligrammes  into  the  dorsal  lymph-sac.  In 
a  few  minutes  after  the  poison  is  absorbed,  the  animal  ceases  to  support  itself  on  its  fore-limbs; 
it  lies  flat  on  the  table,  its  limbs  are  paralysed,  and  so  are  the  respiratory  movements  in  the 
throat.  When  completely  under  the  action  of  the  poison,  the  frog  lies  in  any  position,  limp 
and  motionless,  neither  exhibiting  voluntary  nor  reflex  movements.  If  the  brain  be  desti'oyed 
and  the  skin  removed,  on  faradising  the  sciatic  nerve,  no  contraction  of  the  muscles  of  the  hind- 
limb  occurs,  but  if  the  electrical  stimulus  be  applied  directly  to  the  muscles,  they  contract, 
thus  proving  that  curara  poisons  the  motor  connections  and  not  the  muscles.  If  the  dose  be 
not  too  large,  the  heart  still  continues  to  beat,  and  the  vaso-motor  nerves  remain  active.] 

[Methods.— (1)  local  Application.— Bernard  took  two  nerve-muscle  prepara- 
tions, put  some  solution  of  curara  into  two  watch-glasses,  and  dipped  the  nerve 
into  one  glass  and  the  muscle  of  the  other  preparation 
into  the  other  glass.  The  curara  penetrated  into  both 
preparations,  and  he  found,  on  stimulating  the  nerve 
which  had  been  steeped  in  curara,  that  its  muscle  still 
contracted,  so  that  the  curara  had  not  acted  on  the  motor 
nerve-fibres ;  while  stimulation  of  the  nerve  of  the  other 
preparation  produced  no  contraction,  although  the  corre- 
sponding muscle  contracted.  In  the  latter  case,  the  curara 
had  penetrated  into  the  muscle  and  affected  the  intra- 
muscular portions  of  the  nerve.] 

[(2)  But  it  is  the  terminal  or  intra-muscular  portions 

of  the  nerves,  not  the  nerve-trunk,  which  are  paralysed. 

Ligature  the  sciatic  artery,  or,  better  still,  tie  all  the 

parts  of  the  hind-limb  of  a  frog,  except  the  sciatic  nerve, 

at  the  upper  part  of  a  thigh  (fig.  315).    Inject  curara 

into  the  dorsal  lymph-sac.    The  poisoned  blood  will,  of 

course,  circulate  in  every  part  of  the  body  except  the 

ligatured  limb.    The  shaded  parts  are  traversed  by  the 

poison.    The  animal  can  still,  at  a  certain  stage  of  the  xig.  t^x.... 

poisoning,  pull  up  the  non-poisoned  limb,  while  it  cannot        ^^'^t}^  ^^^^^^ 

i.1        •        J  A  i.  i-i  •    i.-         iVi       1       •       J     gatured.  S.P.,  spmalcord 

move  the  poisoned  one.    At  this  time,  although  poisoned    °  ^^.j^  afferent  and  efl'erent 

blood  has  circulated  in  the  sacral  and  intra-abdominal  nerves;  P., poisoned, N. P., 
parts  of  the  nerves,  yet  they  are  not  paralysed,  so  that  non-poisoned  leg ;  M,  gas- 
the  poison  does  not  act  on  this  part  of  the  trunk  of  the  trocuemius  muscles, 
nerve.  But  we  can  show  that  it  does  not  act  on  any  part  of  the  extra-muscular 
trunk  of  the  nerve.  This  is  done  by  ligaturing  the  arteries  going  to  the  gastrocnem- 
ius muscle,  and  then  poisoning  the  animal.  On  stimulating  the  nerve  on  the 
ligatured  .side,  the  gastrocnemius  of  that  side  contracts,  although  the  whole  length 
of  the  nerve-trunk  was  supplied  by  poisoned  blood.  Therefore,  it  is  the  iiUra- 
mtiscular  terminations  of  the  nerves  which  are  acted  on.] 
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[By  means  of  the  following  arrangement  we  may  prove  that  the  terminal  parts 
of  the  nerve  are  paralysed.    Ligature  the  sciatic  artery  of  one  leg  of  a  frog,  and 

then  inject  curara  into  a  lymph-sac.  After  the 
animal  is  fully  poisoned,  expose  the  sciatic 
nerve  in  both  legs,  leaving  all  the  muscles 
below  the  knee-joint,  then  clean  and  divide 
the  femur  at  its  middle.  Pin  a  straw  flag  to 
each  limb,  and  fix  both  femora  in  a  clamp, 
with  the  gastrocnemii  uppermost,  as  in  fig. 
316.  Place  the  two  nerves,  N,  on  electrodes 
attached  to  two  wires  coming  from  a  com- 
mutator, C  (fig.  310).  From  the  opposite 
binding  screws  of  the  commutator,  two  wires 
pass  to  the  gastrocnemii.  The  other  two 
binding  screws  of  the  commutator  are  con- 
nected with  the  secondary  coil  of  an  induction 
machine  (§  330).  The  bridge  of  the  com- 
mutator can  be  turned  so  as  to  pass  the  current 
either  through  both  muscles  or  both  nerves — 
the  latter  is  the  case  in  the  diagram  (H). 
When  both  nerves  are  stimulated,  only  the  non- 
jjoisoned  leg  (NP)  contracts.  Eeverse  the  com- 
mutator, and  pass  the  current  through  both 
imiscles,  when  botli  contract.'\ 

[Rosenthal's  Modification. — Pull  the  secondary  coil 
fill-  away  Irom  the  i)rimary,  and  pass  the  cuiTent 
through  both  muscles.  Gradually  approximate  the 
secondary  to  the  primary  coil,  and  in  doing  so,  it  will 
be  found  that  the  non-poisoned  leg  contracts  first, 
but  on  continuing  to  push  up  the  secondary  coil,  both  limbs  contract.    Thus,  the  poisoned  limb 


Fig.  316. 

Scheme  of  the  curara  experiment.  B, 
battery ;  I,  primary,  II,  secondary 
spiral ;  N,  nerves  ;  F,  clamp  ;  NP, 
non-poisoned  leg ;  P,  poisoned 
C,  commutator  ;  K,  key. 


leg  , 


Fig. 
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Fig.  317,  i'ig-  ^1^- 

317.— Curve  showing  the  excitability  in  the  sartorius  of  a  frog  in  a  normal  and  curarised 
muscle  Fif'.  318.— Distribution  of  nerves  in  the  sartorius  of  a  frog  and  the  curve  of  ex- 
citability in°diflerent  parts  of  the  muscle,  i.e.,  the  excitability  is  greatest  where  there  are 
most  nerve-endings. 

does  not  respond  to  so  feeble  a  faradic  stimulus  as  the  non-poisoned  one,  a  result  which  is  not 
due  to  the  action  of  the  curara  on  the  excitability  of  the  muscle.    The  non-poisoned  limb 
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responds  to  a  feebler  stimulus  because  its  motor  nerve  terminations  arc  not  paralysed,  \s]n\e  the 
Sued  le-  does  not  do  so,  because  the  motor  terminations  are  paralysed.  A  eebler  induced 
Zcirsufficcs  to  cause  a  mnsclo  to  contract  when  it  is  applied  to  the  nerve,  han  when  it  is 
aipHed  rthe  muscle  itself  directly.  In  large  doses,  curava  also  afiects  the  spinal  cord  (p.  474). 
^ Fon  Xt  rtructureB  does  ciirara  act?-These  experiments  prove  that  curara  does  not 
m  nlvse  the  motor  nerve-trunks,  nor  the  muscular  fibres,  and  that  it  nets  on  the  motor  termin- 
Erwit  in  tlTmuscl^  but  they  do  not  enable  us  to  state  the  precise  part  of  the  nerve-ending 
:  XT?    I  mayaSn(l)the'ne 

ixis  cylinder,  (3)  the  ond-platos,  (4)  the  terminal  branches  or  spray.  Kuhne  and  Pollitzer 
liave  made  it  probable  that,  even  when  a  muscle  is  thoroughly  impregnated  with  curara,  some 
of  the  nervous  apparatus  is  unaffected.  The  sartorius  is  most  excitable  where  there  are  most 
nerves  (fif  318),  and  even  in  a  muscle  profoundly  poisoned  with  curara,  the  distribution  ot 
excitability  yaries  with  the  number  of  nerves  in  the  several  parts  of  the  muscle  (lig.  31/)  just 
as  in  a  normal  muscle,  with  this  difference,  that  the  excitability  of  all  the  parts  ot  the  muscle 
containing  nerves  is  less  than  normal.  That  this  variation  in  excitability  is  due  to  nervous 
structures"  is  shown  by  using  a  polarising  anelectrotonic  current  (§  335),  which  depresses  the 
excitability  of  nerve-fibres,  and  then  this  difference  of  excitability  disappears,  the  curve  of  ex- 
citability kinning  parallel  with  the  abscissa,  so  that  the  diflerence  does  not  seem  to  be  due 
to  purely  muscular  causes.  ]  t  ii 

rPoUitzer  speculating-  as  to  which  part  of  the  terminal  nerve  is  affected,  supposes  that  all 
parts  beyond  the  last  node  of  Ranvier  retain  their  functions,  and  he  supposes  that  it  is  not  the 
axis-cylinders  themselves,  but  the  cement  at  the  nodes,  on  which  the  drug  exerts  its  specific 

''"^Neviro-Muscular  CeUs.— Even  in  the  lower  animals,  e.g.,  Hydra  and  Meduste,  there  are  uni- 
cellular =itructures  called  "  ncuro-muscidar  cells,"  in  which  the  nervous  and  muscular  sub- 
stances are  represented  in  the  same  cell  {Kkincnbcrg  and  Eimcr).  [The  outer  part  of  these 
cells  is  adapted  for  the  action  ot  stimuli,  and  corresponds  to  the  nervous  receptive  organ,  while 
the  inner  deeper  part  is  contractile,  and  is  the  representative  of  the  muscular  part.] 

Muscular  Stimuli.— Various  stimuli  cause  a  muscle  to  contract,  either  by- 
acting  upon  its  motor  nerve,  or  upon  the  muscular  substance  itself  (§  324).  [The 
former  is  called  indirect  stimulation,  the  latter  direct  stimulation.] 

1.  Under  ordinary  circumstances,  the  normal  stimulus  exciting  a  muscle  to 
contract  is  the  nerve  impulse  which  passes  along  a  nerve,  but  its  exact  nature  is 
unknown. 

2.  Chemical  Stimuli. — All  chemical  substances  which  alter  the  chemical  com- 
position of  a  muscle  with  sufficient  rapidity,  act  as  muscular  stimuli.  Mineral 
acids  (HCl  0-1  per  cent.),  acetic  and  oxalic  acids,  the  salts  of  iron,  zinc,  copper, 
silver,  and  lead,  bile,  all  act  in  weak  solutions  as  muscular  stimuli ;  they  act  upon 
the  motor- nerve  only  when  they  are  more  concentrated.  Lactic  acid  and  glycerin, 
when  concentrated,  excite  only  the  nerve ;  when  dilute,  only  the  muscle.  [The 
lower  end  of  the  sartorius,  which  contains  no  nerves,  may  be  dipped  into  glycerin, 
and  it  will  not  contract,  but  if  it  be  dipped  deeper  to  where  there  are  nerve- 
endings,  it  will  contract  at  once.]  Neutral  alkaline  salts  act  equally  upon  nerve 
and  muscle ;  alcohol  and  ether  act  on  both  very  feebly.  When  water  is  injected 
into  the  blood-vessels,  it  causes  fibrillar  muscular  contractions  (y.  Wittich),  while  a 
0-6  per  cent,  solution  of  NaOl  may  be  passed  through  a  muscle  for  days  without 
causing  contraction  {Kdlliker,  0.  Nasse).  [Carslaw,  under  Ludwig's^  direction, 
however,  found  that  solutions  containing  0-5  to  0'2  per  cent.  NaCl,  when  perfused 
through  the  muscles  of  a  frog,  excite  many  short,  powerful  attacks  of  tetanus, 
separated  from  each  other  by. periods  of  rest.  Solutions  containing  0-5  to  0'7  per 
cent.  NaCl,  i.e.,  so-called  "  indifferent  fluids  "  or  "  normal  saline,"  are  not  without 
influence,  but  of  all  known  saline  solutions,  they  injure  a  nerve-muscle  preparation 
least.  Solutions  of  1  to  2  per  cent,  rapidly  kill  the  muscle.]  Acids,  alkalies,  and 
extract  of  flesh  diminish  the  muscular  excitability,  while  the  muscular  stimuli, 
in  small  doses,  increase  it  [Ranke).  Gases  and  vapours  stimulate  muscle;  they 
cause  either  a  simple  contraction  (e.g.,  HCl),  or  at  once  permanent  contraction  or 
contracture  {e.(/.,  CI).  Long  exposure  to  the  gas  causes  rigidity.  The  vapour  of 
bisulphide  of  carbon  stimulates  only  the  nerves,  while  most  vapours  {e.g.,  HCl)  kill 
without  exciting  them  {Kiihne  and  Jani). 
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Method. — III  iimkiug  oxporiments  upon  tlio  chemical  stimulation  of  muscle,  it  is  inadvisable 
to  dip  the  triiusver.so  siectioti  of  the  luuselo  into  the  solution  of  the  chemical  reagent  {Ilering). 
The  chemical  stimulus  ought  to  be  aiiiilied  in  solution  to  a  limited  ])ortion  of  the  uninjured 
surface  of  the  muscle  ;  after  a  few  seconds,  wo  obtain  a  contraction  or  fibrillar  twitchings  of  the 
superficial  muscular  layers  {Heriiuj). 

[Rhythmical  Contraction. — While  rhythmical  contractions  are  very  marked  in  smooth  muscle, 
(especially  if  it  is  stretched  or  subjected  to  considerable  internal  pressure,  as  in  the  hollow 
viscera),  e.g.,  the  intestine,  uterus,  ureter,  blood-vessels,  and  also  in  the  striped  but  involuntary 
cardiac  musculature  (§  fiS),  they  are  not,  as  a  rule,  very  common  in  striped  voluntary  nmscle. 
Cheuucal  stimuli  are  particularly  ell'ective  in  producing  them.]  If  the  .sartorius  of  a  eurarised 
frog  be  dipped  into  a  solution  composed  of  5  grms.  NaCl,  2  grms.  alkaline  sodium  pho.sphate, 
and  0-5  grm.  sodium  carbonate  in  1  litre  of  water,  at  10°  C,  the  muscle  contracts  rhythmically, 
and  may  do  so  for  several  days,  especially  with  a  low  temperature  {Bicdermann).  This  recalls 
the  rhythmical  contraction  of  the  heart.  [Kiihne  found  a  similar  result.  The  rhythm  is 
arrested  by  lactic  acid  and  restored  by  an  alkaline  solution  of  NaCl.]  Rhythmical  movements 
may  also  be  induced  in  the  sartorius  (frog),  by  the  combined  action  of  a  dilute  solution  of  sodic 
carbonate  and  an  ascending  constant  electrical  current.  Compare  also  the  action  of  a  constant 
current  on  the  heart  (§  58). 

3.  Thermal  Stimuli. — If  an  excised  frog's  muscle  be  rapidly  heated  to  28°  C,  a 
gradually  increasing  contraction  occurs,  which,  at  30"  C,  is  more  pronounced, 
reaching  its  maximum  at  45°  C.  If  the  temperature  be  raised,  "  heat-stiffening  " 
rapidly  ensues.  The  smooth  muscles  of  warm-blooded  animals  also  contract  when 
they  are  warmed,  but  those  of  cold-blooded  animals  are  elongated  by  heat  {Gijn- 
hagen).  If  a  frog's  muscle  be  cooled  to  0°,  it  is  very  excitable  to  mechanical 
stimuli  {Grunhagen) ;  it  is  even  excited  by  a  temperature  under  0°  {Eckhard). 

CI.  Bernard  observed  that  the  muscles  of  animals,  artificially  cooled,  remained  excitable  many 
hours  after  death  (§  225).  Heat  causes  the  excitability  "to  disappear  rapidly,  but  increases  it 
temporarily. 

4.  Mechanical  Stimuli. — Every  kind  of  sudden  mechanical  stimulus,  provided 
it  be  applied  with  sufficient  rapidity  to  a  muscle  (and  also  to  a  nerve),  causes  a 
contraction.  If  stimuli  of  sufficient  intensity  be  repeated  with  sufficient  rapidity, 
tetanus  is  produced.  Strong  local  stimulation  causes  a  weal-like,  long-continued 
contraction  at  the  part  stimulated  (§  297,  3,  a).  Moderate  tension  of  a  muscle 
increases  its  excitability. 

5.  Electrical  Stimuli  will  be  referred  to  when  treating  of  the  stimulation  of 
nerve  (§  324). 

Other  Actions  of  Curara.— When  it  is  injected  into  a  frog,  either  into  the  blood  or  sub- 
cutaneously.  it  causes  at  first  paralysis  of  the  intra-musculo.r  ends  of  the  motor  nerves  (p.  471), 
while  the  muscles  themselves  remain  excitable.  The  sensory  nerves,  the  central  nervous  system, 
viscera,  heart,  intestine,  and  the  blood-vessels  are  not  affected  at  first  {CI.  Bernard,  Kolhker). 
[If  the  skin  be  stimulated,  the  frog  pulls  up  the  ligatured  leg  reflexly,  although  the  other  leg 
remains  quiescent ;  this  shows  that  the  sensory  nerve  and  nerve-centres  are  stdl  intact ;  but 
when  the  action  of  the  drug  is  fullv  developed,  no  amount  of  stimulation  of  the  skm  or  the 
posterior  roots  of  the  nerves  will  give  rise  to  a  reflex  act,  although  the  motor  nerve  of  the 
ligatured  limb  is  known  to  be  excitable ;  hence,  it  is  probable  that  the  nerve-centres  in  the  cord 
themselves  are  ultimately  affected.  If  the  dose  be  very  large,  the  heart  and  blood-vessels  are 
afi'ected.]  In  warm-blooded  animals,  death  takes  place  by  asphyxia,  owing  to  paralysis  ot  the 
diaphrat^ra,  but  of  course  there  are  no  spasms.  In  frogs,  where  the  skm  is  the  most  important 
respiratory  organ,  if  a  suitable  dose  be  injected  subcutaneously,  the  animal  may  remain  motion- 
less for  days  and  yet  recover,  the  poison  being  eliminated  by  the  urine  {Kiihne).  If  the  dose 
be  laro-e,  the  inhibitory  fibres  of  the  vagus  may  be  paralysed.  In  electrical  fishes,  the  sensory 
nerves',  and  in  frogs,  the  lymph-hearts  are  paralysed.  A  dose  sufficient  to  kill  a  frog,  when  in- 
iected  under  its  skin,  will  not  do  so  if  administered  by  the  mouth,  because  the  poison  seems  to 
be  eliminated  as  rapidly  by  the  kidneys  as  it  is  absorbed  from  the  gastric  mucous  membrane 
For  the  same  reason  the  flesh  of  an  animal  killed  by  curara  is  not  poisonous  when  eaten.  It, 
however  the  ureters  be  tied,  the  poison  collects  in  the  blood,  and  poisoning  takes  place 
{L  Hermann).  [In  this  case  the  mammal  may  exhibit  convulsions.  Why?  Curara  paralyses 
the  respiratory  nerves,  so  that  asphyxia  is  produced  from  the  venosity  of  the  bfood.  It  atiects 
the  respiratory  nerve-endings  before  those  in  the  muscles  generally,  so  that  when  the  venous 
blood  stimulates  the  nerve-centres,  the  partially  affected  muscles  respond  by  convulsions  Ot  u  r 
narcotics  may  excite  convulsions  indirectly  by  inducing  a  venous  condition  of  the  '^loo«. 
the  motor  centres,  nerves,  and  muscles  are  still  unafl-ected.]    Large  doses,  however,  poison  un- 
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■  •  1  „,.i,„ni=  «™n  whBii  o'iven  bv  the  mouth.  The  nerves  and  muscles  of  poisoned  aninmls 
cXS  ZZl  JIZ  eleTt  °omo?  J  force.     [For  the  elfect  of  curara  on  lynu-h-iormatiou 

^^AtfoDlnLnears  to  be  a  specific  poison  for  smooth  muscular  tissue,  but  different  muscles  are 
ditferentlv  a^'ee  ed  Tszpnmann,  Luclisingcr).  [This  is  doubtful.  A  small  quantity  of  atrop.n 
ditltiently  a  cetea  ^^^^^^  smooth  muscle  in  the  same  way  that  curara  does  those  of 

ve   S  i"^^^^         liowover,  that  there  arc  no  end-Jlates  proper  in  the  former, 
h  U  k  Ttw  f  th"  m^e-'fibrils  and  the  contractile  substalice  is  probably  diflerent  m 
L  wo  case      It  is  that  the  amount  of  striped  and  smooth  muscle  vanes  in  the 

iot^r-us  hi  difl-e rent  animals.  Szpilmanu  and  Luchsingor  found  that,  after  the  action  of 
^t  o£  "tin  ulatio  of  the  peripheral  end  of  the  vagus  will  still  cause  contraction  ot  the  striped 
musc^i- SI"  n  the  cesophagus,  but  not  of  the  smooth  fibres,  although  both  forms  of  muscular 
tissue  respond  to  direct  stimulation.]  .   ,  .,         ,  i  1 1  i 

After  section  of  the  motor  nerve  of  a  muscle,  the  excitability  undergoes  remarkable  changes ; 
after  three  to  four  days  the  excitability  of  the  paralysed  muscle  is  dimiuished,  both  for  direct 
and  indirect  stimuli  (p.  473);  this  condition  is  followed  by  a  stage,  •^^""^S^J'^  Xw 
current  is  more  active  than  normal,  while  induced  currents  are  scarce  y  or  not  at  all  eftect  ve 
339  I  )  The  excitability  to  mechanical  stimuli  is  also  increased.  The  increased  excitability 
occurs  until  about  the  seventh  week;  it  gradually  diminishes  until  it  is  abolished  towards  the 
sixth  to  the  seventh  month.  Fatty  degeneration  begins  m  the  second  week  after  section  ot  the 
motor  nerve,  and  goes  on  until  there  is  complete  muscular  atrophy  Immediately  after  section 
of  the  sciatic  nerve,  Schmulewitsch  found  that  the  excitabihty  of  the  muscles  supplied  by  it 
was  increased. 

297  CHANGES  IN  A  MUSCLE  DURING  CONTEACTION.— I.  Macro- 
scopic Phenomena.—!.  When  a  muscle  contracts,  it  becomes  shorter  and  at  the 
same  time  correspondingly  thicker. 

The  degree  of  contraction,  which  in  very  excitable  frogs  may  be  65  to  85  per  cent.  (72  per 
cent,  mean)  of  the  total  length  of  the  muscle,  depends  upon  various  conditions  :—(rt)  Up  to  a 
certain  point,  increasing  the  strength  of  the  stimulus  causes  a  greater  degree  of  contraction  ; 
(b)  as  the  muscular  fatigue  increases,  i.e.,  after  continued  vigorous  exertion,  the  stimulus 
remaining  the  same,  the  extent  of  contraction  is  diminished  ;  (c)  the  teniperat^re  of  the  sur- 
roundings  has  a  certain  effect.  The  extent  of  the  contraction  is  increased  m  a  frog  s  muscle— 
the  strength  of  stimulus  and  degree  of  fatigue  remaining  the  same— when  it  is  heated  to 
33°  C.  If  the  temperature  be  increased  above  this  point,  the  degree  of  contraction  is  diminishea 
{Schw.ulcivitsch). 

2.  The  volume  of  a  contracted  muscle  is  slightly  diminished  (Swammerdam,  f 
1680).  Hence,  the  specific  gravity  of  a  contracted  muscle  is  slightly  increased, 
the  ratio  to  the  non-contracted  muscle  being  1062  :  1061  {Valentin)  ;  the  diminu- 
tion in  volume  is,  however,  only  although  this  has  recently  been  denied  by 
.J.  Ewald. 

Methods.— (a)  Erman  placed  portions  of  the  body  of  a  live  eel  in  a  glass-vessel  filled  with  an 
indilfereut  fluid.  A  narrow  tube  communicated  with  the  glass-vessel,  and  the  fluid  rose  in  the 
tube  to  a  certain  level.  As  soon  as  the  muscles  of  the  eel  were  caused  to  contract,  the  fluid  in 
the  index-tube  sank.  Ifi)  Landois  demonstrates  the' decrease  in  volume  by  means  of  a  mano- 
metric  flame.  The  cylindrical  vessel  containing  the  muscle  is  provided  with  two  electrodes 
lixed  into  it  iu  an  air-tight  manner.  The  interior  of  the  vessel  communicates  with  the  gas 
supply,  while  there  is  a  small  narrow  exit-tube  for  the  gas,  which  is  lighted.  Every  time  the 
muscle  contracts,  the  flame  diminishes.  The  same  experiment  may  be  performed  with  a  con- 
tracting heart, 

3.  Total  and  Partial  Contraction. — Normally,  all  stimuli  applied  to  a  muscle  or 
its  motor  nerve  cause  contraction  in  all  its  muscular  fibres.  Thus,  the  muscle  con- 
ducts the  state  of  excitement  to  all  its  parts.  Under  certain  circumstances,  how- 
ever, this  is  not  the  case,  viz.  : — {a)  when  the  muscle  is  greatly  fatigued,  or  when 
it  is  about  to  die,  violent  mechanical  stimuli,  as  a  vigorous  tap  with  the  finger  or  a 
percussion  hammer  (and  also  chemical  or  electrical  stimuli),  cause  a  localised  con- 
traction of  the  muscular  fibres.  This  is  Schiff's  "  idio-muscnlar  contraction."  The 
same  phenomenon  is  exhibited  by  the  muscles  of  a  healthy  man,  when  the  blunt 
edge  of  an  instrument  is  drawn  transversely  over  the  direction  of  the  muscular 
fibres,  {h)  Under  certain  as  yet  but  imperfectly  known  conditions,  a  muscle  ex- 
hibits so-called  fibrillar  contractions,  i.e.,  short  contractions  occur  alternately  in 
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different  bundles  of  muscular  fibres.  This  is  the  case  in  the  muscles  of  the  tongue, 
after  section  of  the  liypoglossal  nerve ;  and  in  the  muscles  of  the  face,  after  section 
of  the  facial  nerve. 

[In  some  phthisical  patients  there  is  marked  muscular  excitability,  so  that  if  the  pectoral 
muscle  bo  percussed,  a  local  contraction— idio-muscular— occurs,  either  confined  to  the  spot,  or 
two  waves  may  proceed  outwards  and  return  to  the  sjiot  struck.] 

Canse  of  Fibrillar  Contraction. —According  to  Bleuler  and  Lehmann,  section  of  the  hypo- 
glossal nerve  in  rabbits  is  followed  by  fibrillar  contractions  after  sixty  to  eighty  hours  ;  these 
contractions  may  continue  for'  months,  even  when  the  divided  nerve  has  healed  and  is  stimu- 
lated .ibove  the  cicatrix  so  as  to  produce  movements  in  the  corresponding  half  of  the  tongue. 
Stimulation  of  the  lingual  nerve  increases  the  fibrillar  contractions  or  arrests  them.  This  nerve 
contains  vaso-dilator  fibres  derived  from  the  chorda  tympani.  Schiff  is  of  opinion  that  the 
increased  blood-stream  through  the  organ  is  the  cause  of  the  contractions.  Sig.  JIayer  found 
that,  by  compressing  the  carotids  and  subclavian,  and  again  removing  the  pressure  so  as  to  per- 
mit free  circulation,  the  muscles  of  the  face  contracted.  Section  of  the  motor  nerves  of  the 
face  did  not  abolish  the  phenomenon,  but  compression  of  the  arteries  did.  The  cause  of  the 
phenomenon,  therefore,  seems  to  lie  within  the  muscles  themselves.  This  phenomenon  may 
be  compared  to  the  j^aralytic  secretion  of  saliva  and  pancreatic  juice  which  follows  section  of  the 
nerves  going  to  these  glands  (pp.  214,  2,')8).  Similar  fibrillar  contractions  occur  in  man  under 
pathological  conditions,  but  they  may  also  occur  without  any  signs  of  pathological  disturbance. 
[Fibrillar  contractions,  due  to  a  central  cause,  occur  in  monkeys  after  excision  of  the  thyi-oid 
gland  (§  103,  III.).  Some  drugs  cause  fibrillar  muscular  contractions,  e.g.,  aconitin,  guanidin, 
nicotiu,  pilocarpin,  but  physostigmin  produces  them  in  warm-blooded  animals  (not  in  frogs). 
According  to  Brunton  these  drugs  probably  act  by  irritating  the  motor  nerve-endings,  as  the 
contractions  are  gradually  abolished  by  curara.] 

II.  Microscopic  Phenomena. — 1.  Single  muscular  fihrillai  exhibit  the  same 
phenomena  as  an  entire  muscle,  in  that  they  contract  and  become  thicker.  2. 
There  is  great  difficulty  in  observing  the  changes  that  occur  in  the  individual  parts 
of  a  muscular  fibre  during  the  act  of  contraction.  This  much  is  certain,  that  the 
muscular  elements  become  shorter  and  broader  during  contraction,  and  that  the 
transverse  strife  approach  nearer  to  each  other  [Bowman,  1840).  3.  There  is  great 
difference  of  opinion  as  to  the  behaviour  of  the  doubly  refractive 
(anisotropous)  and  the  singly  refractive  media.  j 

Engebnann's  View. — Fig.  319,  1,  on  the  left  represents  a  passive  mus- 
cular element — from  c  to  d  is  the  doubly  refractive  contractile  substance,  3 
with  the  median  disc,  a,  b,  in  it  ;  h  and  g  are  the  lateral  discs.  Besides  C 
these,  in  each  of  the  singly  refractive  discs  there  is  a  clear  disc — "  secondary  J] 
disc"/ and  c,  which  is  only  slightly  doubly  refractive.  This  occurs  only  q 
in  the  muscles  of  insects.  Fig.  1,  on  the  right,  shows  the  same  element  in 
polarised  light,  whereby  the  middle  ^ 

1  ^ 


area  of  the  element,  as  far  as  the  con- 
tractile substance  proper  extends, 
is,  owing  to  its  double  refraction, 
bright ;  while  the  other  part  of  the 
muscular  element,  owing  to  its  being 
singly  refractive,  is  black.  Fig. 
319,  2,  is  the  transition  stage,  and 
3  the  proper  stage  of  contraction  of 
the  muscular  element.  In  both 
cases,  the  figures  on  the  left  are 
viewed  in  ordinary  light,  and  on  the 

right,  in  polarised  light.     During  riw.  319. 

coiiti'action  (fig  319,  3),  the  singly  j^j^i-oscopic  appearance"  during  a  muscular  conti-action 
refractive  disc  becomes  as  a  whole     .     ^    indi^-idual  elements  of  the  fibrillar.    1,  2,  3  (after 

certain  degree  of  contraction  (2),  when  viewed  in  ordinary  light,  may  appear  homogeneous  and 
but  slightly  striped  transversely  = /7te  homogeneous  or  transition  stage.  During  a  greater  degree 
of  contraction  (3),  very  dark  transverse  stripes  reappear,  corresponding  to  the  singly  refractive 
discs.  At  every  stage  of'  the  contraction,  as  well  as  in  the  transition  stage,  the  singly  and 
doubly  refractive  discs  are  sharply  defined,  and  are  recognised  by  the  polariscope  as  regular 
alternating  layers  (in  1,  2,  and  3  on  the  right).  These  do  not  change  places  during  the  con- 
traction.   The  height  of  both  discs  is  diminished  during  contraction,  but  the  singly  refractive 
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do  so  move  rapidly  tliau  the  doubly  refractive  discs.  The  total  voluniG  of  cacli  element 
does  not  uuderrfo  any  appreciable  alteration  in  volume  during  the  contraction.  Hence,  the 
doubly  refractive  discs  increase  in  volume  at  the  expense  of  the  singly  refractive.  From  this 
it  is  concluded  that,  during  the  contraction,  fluid  passes  from  the  singly  refractive  into  the 
doubly  refractive  discs  ;  the  former  shrink,  the  latter  swell. 

Merkel's  view  is  partially  ditterent.  In  fig.  319,  4,  are  two  muscular  elements  at  rest ;  in  (5), 
two  in  a  state  of  contraction,  after  Mcrkel.  The  grey  punctuated  areas  are  the  doubly  refrac- 
tive substance,  c,  the  median  disc.  According  to  Merkel,  dui'ing  contraction  the  dark  substance 
lying  in  the  middle  of  the  element  changes  its  position — either  in  part  or  as  a  whole  ;  it  leaves 
the  middle  of  the  element  {the  two  surfaces  of  Henson's  median  discs,  4,  c),  and  places  itself 
at  the  lateral  discs,  5  at  c  and  d,  while  the  clear  substance  leaves  the  lateral  disc,  4,  e  and  d, 
and  applies  itself  to  both  surfaces  of  the  median  disc,  5,  c.  The  clear  substance  of  the  isotrop- 
ous  discs  is  fluid,  and  plays  a  more  passive  role  ;  during  contraction  it  is  in  part  absorbed  by 
the  dark  substance  which  thus  swells  up.  This  mutual  e.xchange  of  place  of  the  substances  is 
accompanied  by  an  intermediate  "stage  of  dissolution  "  in  which  the  whole  contents  of  the 
element  appear  equally  homogeneous,  in  which,  therefore,  the  fluid  singly  refractive  substance 
has  uniformly  penetrated  the  doubly  refractive  substance.  At  this  moment  only  the  lateral 
discs  are  still  visible. 

[If  a  living  portion  of  an  insect's  muscle  be  examined  in  its  own  juice,  contraction-waves 
may  be  seen  to  pass  over  the  fibres.  When  a  contraction- wave  passes  over  part  of  the  fibres, 
the  discs  become  shorter  and  broader  ;  at  the  same  time,  in  the  fully  contracted  part,  the  dim 
disc  appears  lighter  than  the  centre  of  the  light  disc.  There  is  said  to  be  a  "  reversal  of  the 
stripes  "  from  what  obtains  in  a  jjassive  muscle.  Before  this  stage  is  reached,  there  is  an  inter- 
mediate stage  where  the  two  bands  are  almost  uniform  in  appearance.] 

Methods. — These  phenomena  are  best  observed  by  "fixing"  the  difTerent  stages  of  rest  or 
contraction,  by  suddenly  plunging  the  muscular  fibrillar  of  insect's  muscles  into  alcohol  or 
osmic  acid,  which  coagulates  the  muscle-substance.  The  actual  contraction  may  be  observed 
under  the  microscope  in  the  transparent  parts  of  the  larvie  of  insects. 

Spectrum. — A  thin  muscle,  e.g.,  the  sartorius  of  the  frog,  when  placed  directly  behind  a 
narrow  slit  running  at  right  angles  to  the  course  of  the  fibres,  yields  a  diffraction-spectrum. 
Wlieu  the  muscle  contracts,  as  by  me- 
chanical stimulation,  the  spectrum 
broadens,  a  proof  that  the  interspaces  of 
the  transverse  stripes  become  narrower 
{Ranvicr). 

298.  MUSCULAR  CON- 
TEACTION.  —  Methods.  —  la 

order  to  determine  the  duration 
of  each  phase  of  a  muscular  con- 
traction, myographs  of  various 
forms  are  used. 

v.  Hehnholtz's  Myograph  is  shown 
in  fig.  320.  A  muscle,  M— say  the 
gastrocnemius  of  a  frog  attached  to  the 
femur — is  fixed  by  the  femur  in  a  clamp, 
K ;  its  lower  end  is  attached  to  a  mov- 
able lever  carrying  a  scale-pan  and 
weight,  W,  the  weight  being  varied  at 
pleasure.  When  the  muscle  contracts, 
necessarily  it  raises  the  lever.    At  the 

free  end  of  the  lever  is  a  movable  style,  cj,„,      f     o- i   i  li.  .  i 
F,  which  inscribes  its  movements  on  a  Scheme  of  v.  Helmholtzs  myograph 
revolving  cylinder  caused  to  rotate  at  a 
uniform  rate  by  means  of  clock-work. 
The  cylinder  is  covered  with  smoked 
enamelled  paper  in  the  flame  of  a  turpentine  lamp.    When  the  muscle  contracts,  it  inscribes  a 
curve— the  "  muscle-cui-ve, "  or  "myogram."   The  abscissa  of  the  curve  indicates  the  duration 

The 


Fig.  320. 

]\r,  muscle  fixed 
in  a  clamp,  K  ;  F,  writing  style  f  P,  weight  or  counter- 
poise for  the  lever  ;  W,  scale-pan  for  weights  ;  S,  S, 
supports  for  the  lever. 


of  the  contraction,  but  of  course  the  rate  at  which  the  cylinder  is  moving  must  be  known, 
ordinates  represent  the  height  of  contraction  at  anv  particular  part  of  the  curve. 

ihe  muscle-curve  may  be  inscribed  upon  a  smoked  glass  plate  attached  to  one  limb  of  a 
vibrating  tunmg-fork.  Such  a  curve  registers  the  time-units  in  all  its  parts.  Suppose  each 
vibration  of  the  tuning-fork  =  0-01613  second,  then  the  duration  of  any  part  of  such  a  curve  is 
obtained  by  counting  the  number  of  vibrations  and  multiplying  by  0-01613  second. 

[Fick  s  Pendulum  Myograph. -A  board  fixed  to  the  wall  cairies  a  heavy  iron  pendulum,  P 
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whose  axis,  A,  A,  moves  on  i'riction  loUors  (fig.  321).  At  the  lower  swinging  end  ava  two  glass 
plates,  G  and  G',  fixed  to  a  bearer,  T.  The  plates  can  be  adjusted  by  means  of  the  screw,  »,  so 
that  several  curves  can  be  written  one  aliove  the  other.  The  plate,  G',  on  the  posterior  surface 
is  merely  a  compensator,  so  that,  when  G  is  elevated,  (!'  is  lowered,  and  thus  the  duration  of  the 
oscillation  is  not  altered.    The  spring  catches,  11,  H,  which  can  be  turned  inwards  or  out- 


wards, are  used  to  lix  the 
peiululuui  is  drawn  to  on 


pendulum  by  the  teeth,  «,  a,  when  it  is  drawn  to  one  side.  The 
si<le  and  fixed,  a,  in  H,  so  that  when  H  is  pulled  down,  it  is  liberated 

and  swings  to  the  other  side,  where  it 
is  caught  by  H  at  the  opposite  side. 
In  the  improved  form,  the  catches,  H, 
are  made  to  slide  along  a  rod  like  the 
arc  of  a  circle,  so  that  the  length  of 
the  swing  can  be  varied.  As  the  pen- 
dulum swings  from  one  side  to  the 
other,  the  projecting  points,  a,  a,  knock 
over  the  contact  key,  h,  and  the  cur- 
rent is  opened  and  a  shock  transmitted 
to  the  muscle.  The  writing-lever  to 
which  the  muscle  is  attached  is  usually 
a  heavy  one,  and  a  style  writes  upon 
the  smoked  surface  of  the  glass.  Of 
course,  when  the  pendulum  swings,  it 
moves  with  unequal  velocities  at  dif- 
erent  parts  of  its  course.] 

[When  using  the  pendulum  myo- 
graph to  study  a  muscular  contraction, 
arrange  it  as  in  fig.  322.  The  frog's 
muscle  is  attached  to  a  writing-lever, 
which  is  very  like  the  lever  in  fig.  321, 
while  the  style  inscribes  its  movements 
on  the  blackened  plate.] 

[The  pendulum  is  fixed  in  the  catch, 
C,  as  shown  in  the  figure  ;  the  key, 
K',  is  closed  and  placed  in  the  primary 
circuit,  while  two  wires  from  the 
secondary  coil  of  an  induction  machine 
are  attached  to  the  muscle.  "When 
the  pendulum  swings,  the  projecting 
tooth,  S,  knocks  over  the  contact  at 
K',  and  breaks  the  primary  circuit, 
when  a  shock  is  instantly  transmitted 
through  the  muscle.  Before  stimu- 
lating, allow  the  pendulum  to  swing 
to  obtain  an  abscissa.  The  time  is 
recorded  by  a  vibrating  tuning-fork,  of 
known  rate  of  vibration,  connected 
with  a  Dupre's  electric  chronograph. 
Dupre's  chronograph  is  merely  a  small 
electro-magnet  with  a  fine  writing 
style  attached,  which  vibrates  when  it 
is  introduced  in  an  electrical  circuit, 
in  which  is  jilaced  a  vibrating  tuning- 
fork.  The  signal  vibrates  just  as  often 
■p,.  as  the  tuning-fork.] 

°;       .  ,1        d  1  [Du  Bois-  Spring  Myograph.— It 

Pick's  pendulum  myograph,  as  improved  by  v.  Helm-   ^.Q^g^gts  of  a  glass  plate  fixed  in  a 
holtz  (x\  natural  size),  side  and  front  view.  frame,  and  moving  on  two  polished 

steel  wires,  stretched  between  the  supports  A  and  B  (fig.  323).  '  At  6  is  a  spring  which  when  it 
is  compressed  between  the  upright,  B,  and  the  knob,  b,  drives  the  g;lass  plate  from  B  to  A  As 
the  plate  moves  from  one  side  to  the  other,  a  small  tooth,  d,  on  its  under  surface,  opens  the 
key  /  and  thus  a  shock  is  transmitted  to  the  muscle.  The  arrangement  o  herwise  is  the  same 
as  for  the  pendulum  myograph.    The  smoked  glass  plate  is  liberated  by  the  projecting  finger- 

^ISare^?  Sii'e  M^^^^^^^  gastrocnemius  is  attached  to  a  horizontal  lever,  winch  in- 

scSes  Us  movments  on  a  involving  cylinder.    This  form  of  myograph,  when  provided  with  two 
Wers  is  verv  3  for  comparing  the  action  of  a  poison  on  one  limb,  the  other  being  unpoisoned.] 
[PMger-      Snar^  form  is^simply  a  Helmholtz's  myogi-aph  (fig.  320)  arranged  t..  record 
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its  movements  on  a  stationary  glass  plate,  so  that  the  muscle  merely  makes  a  vertical  line  or 
ordinate  instead  of  a  curve  ;  it  thus  merely  indicates  the  height  or  extent  of  the  contraction, 

not  its  duration.]  ,  ,  p         •  i   •      xi  i 

A  rapidly  rotating  disc  was  used  by  A  alontin  and  Rosenthal  for  registering  the  muscle- 
curve,  while  Hai-less  used  a  plate  which  was 
allowed  to  fall  rapidly,  the  so-called  "  Fall- 
myograph."  In  all  these  experiments  it  is 
necessary  to  iudioate  at  the  same  time  the 
moment  of  stimulation. 

Contraction  Curve  of  Human  Muscle. 

 In  man,  another  principle  is  ado[Dted, 

viz.,  to  measure  the  increase  in  thickness 
during  the  contraction,  either  by  means 
of  a  lever  or  a  compressible  tambour,  such 
as  is  used  in  Brondgeest's  pansphygmo- 
ffraph  (fig.  36).  [The  thickening  of  the 
adductor  muscles  of  the  thumb  may  be 
registered  by  means  of  Marey's  pince 
myograpMque.] 

I.  Simple  Contraction. — If  a  single 
shock  or  stiimdm  of  momentary  diiration  be 
applied  to  a  muscle,  a  "  simple  muscular 
contraction  "  [or  shortly,  a  contraction  or 

twitch]  is  the  result,  i.e.,  the  muscle  329. 

rapidly  shortens  and  quickly  returns  again  °       4.  f  4.1        a  ^ 

i\    •'^  .  :  /      J.*'  .  °      Scheme  of  the  arrangement  of  the  pendulnra 

to  its  ongmal  relaxed  condition.  myograph.    B,    battery  ;   I,  primary,  II, 

Myogram  or  Muscle-Curve. — Suppose  secondary  spiral  of  the  induction  machine; 
a  single  stimulus  be  applied  to  a  muscle  S,  tooth  ;  K',  key  ;  C,  C,  catches  ;  K'  in 
attached  to  a  light  writing-lever,  which  the  corner,  scheme  of  K';  K,  key  in  primary 
is  not  "  overweighted  "  with  any  weight 

attached  to  it,  then,  when  the  muscle  contracts,  the  following  events  take  place  : — 


Fig.  323. 
Spring  myogi'aph  or  "  shooter." 

[(1)  A  period  or  stage  of  latent  stimulation  (figs.  324,  325). 

(2)  A  period  of  increasing  energy  or  contraction. 

(3)  A  period  of  decreasing  energy  or  more  rapid  relaxation. 

(4)  A  period  of  slow  relaxation,  or  the  elastic  after-vibration.] 
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LATENT  PERIOD  OF  A  MUSCLE  CURVE. 


J^'ig.  324. 

Muscle-curve  produced  by  a  single  induction  shock  ap- 
plied to  a  muscle,  a-f,  abscissa  ;  a-c,  ordinate  ;  a  h, 
period  of  latent  stimulation  ;  6  d,  period  of  increasing 
energy  ;  d  c,  period  of  decreasing  energy  ;  e  f,  elastic 
after-vibrations. 


The  muscle-curvo  proper  is  composed  of  2,  3,  and  4. 

1.  The  latent  period  (fig.  324,  a,  b)  consists  in  tluH,  that  the  muscle  does  not 
begin  to  contract  precisely  at  the  moment  the  stimulus  is  applied  to  it,  but  the 
contraction  occurs  somewhat  later,  i.e.,  a  short,  but  measurable  interval,  elapses 

between  the  application  of  a 
momentary  stimulus  and  the 
contraction  {v.  Heimholtz).  If 
the  entire  muscle  be  stimulated 
by  a  momentary  stimulus,  e.'j., 
a  single  break  induction  shock, 
the  duration  of  the  latent  period 
is  about  O'Ol  second.  In  smooth 
muscle,  the  latent  period  may 
last  for  several  .seconds. 

[Although  no  change  be  visible 
in  a  muscle  during  the  latent 
period,  nevertheless  we  have 
proof  that  some  change  does  take  place  within  the  muscle-substance,  for  we  know 
that  the  electrical  current  of  the  muscle  is  diminished  during  this  period,  or  we 
have  what  is  known  as  the  negative  variation  of  the  muscle-current  {Bernstein — 
§  333).] 

In  man,  the  latent  period  varies  between  0*004  and  O'Ol  second.  If  the  experiment  be  so 
arranged  that  the  muscle  can  contract  as  soon  as  the  stimulus  is  applied  to  it,  i.e.,  before  time 
is  lost  in  making  the  muscle  tense  ;  or  to  put  it  otherwise,  if  the  muscle  has  not  "to  take  in 
slack,"  as  it  were,  the  latent  period  may  fall  below  0-004  second  (Gad).  If  the  muscle  be  still 
attached  to  the  body,  protected  as  much  as  possible  from  external  influences  and  properly 
supplied  with  blood,  the  latent  period  may  be  reduced  to  0'0033  or  even  0'0025. 

Modifying  Influences.— The  latent  period  is  shortened  by  an  increased  strength  of  the 
stimulus  and  by  heat  ;  while  fatigue,  cooling,  and  increasing  weight  lengthen  it  {Laulerbach, 
Mendelssohn,  Yeo,  Cash).  The  latent  period  of  a  break-contraction  is  longer  than  that  of 
a  make-contraction.  The  red  muscles  have  a  longer  latent  period  than  the  white.  Before  the 
muscle  contracts  as  a  whole,  tlie  individual  fibres  within  it  must  have  contracted.  We  must, 
therefore,  conclude  that  the  latency  of  the  individual  muscular  elements  is  shorter  than  that  of 
the  entire  muscle  [Gad,  Tigerstedt). 

2.  The  contraction  or  stage  of  increasing  energy,  i.e.,  from  the  moment  the 
muscle  begins  to  shorten  until  it  reaches  its  greatest  degree  of  contraction  (b  d). 
At  first  the  muscle  contracts  slowly,  then  more  rapidly,  and  again  more  slowly,  so 
that  the  ascending  limb  of  the  curve  has  somewhat  the  form  of  an/.  This  stage 
lasts  0-03  to  0-4  second.  It  is  shorter  when  the  contraction  is  shorter  (weak 
stimulus)  and  the  less  the  weight  the  muscle  has  to  lift.  It  also  varies  with  the 
excitability  of  the  muscle,  being  shorter  in  a  fresh,  non-fatigued  muscle. 

3.  Elongation  or  stage  of  decreasing  energy.— After  the  muscle  has  con- 
tracted up  to  its  maximum  for  any  particular  stimulus,  it  begins  to  relax— at  first 
slowly,  then  rapidly— and  lastly  more  slowly,  so  that  an  inverse  of  an /is  obtained 
{d  e).  This  stage  is  usually  of  shorter  duration  than  2.  The  duration  varies  with 
the  strength  of  the  stimulus,  being  shorter  than  2  with  a  weak  stimulus,  and 
longer  with  a  strong  stimulus.  It  also  depends  upon  the  extent  to  which  the 
muscle  is  loaded  during  conti'action. 

4.  The  fourth  stage  has  received  various  names — stage  of  elastic  after-vibra- 
tion [residual  contraction  or  contraction-remainder  {Hermann).  The  after- 
vibrations  (e  /),  which  disappear  gradually,  depend  upon  the  elasticity  of  the 
muscle.  The  duration  of  this  stage  is  longest  with  a  powerful  contraction,  and 
when  the  weight  attached  to  the  muscle  is  small]. 

If  the  stimulus  be  applied  to  the  motor  nerve  instead  of  to  the  muscle  itself,  the 
contraction  is  greater  {Pflurjer),  and  lasts  longer  {Wundt)  the  nearer  to  the  spinal 
cord  the  stimulus  is  applied  to  the  nerve. 


METHOD  OF  MEASURING  A  MYOGRAM. 


[In  studying  a  muscle-curve,  the  more  or  less  vertical  character  of  the  ascent 
will  indicate  the 
rapidity  of  the  con- 
traction, the  height 
above  the  base  line, 
itsextent,  thelength 
of  the  curve,  the 
duration,  and  the 
line  of  descent,  the 

rate  of  its  extensi-  '  g.,g^ 

bility.  The  form  pg^^i^^mii  myograph  curve  of  a  frog's  gastrocnemius.  S,  point  of  stimu- 
of  the  muscle-curve  lation ;  A,  latent  period ;  B,  period  of  shortening,  and  C,  of  relaxation, 
will  vary  with  the  250  DV.,  tuning-fork  vibrating  250  double  vibrations  per  sec.  The 
kind  of  myograph    dotted  vertical  lines  are  ordinates  (Stirling). 

used :  if  it  be  stationary,  then  the  muscle  will  merely  record  a  vertical  line  ;  if  the 
recording  surface  move  quickly,  the  two  parts 
of  the  curve  will  form  an  acute  angle  (fig.  327)  ; 
and  if  it  move  with  great  rapidity,  they  will 
have  the  form  of  fig.  325,  that  obtained  with 
a  pendulum  myograph.  A  vibrating  tuning- 
fork  records  time  directly  under  the  tracing, 
whereby  the  duration  of  each  part  of  the  curve 
is  readily  determined.] 

[In  measuring  the  myogram,  all  that  is  required  is 
to  know  the  moment  at  which  the  stimulus  was  ap- 
plied, and  to  note  when  the  curve  begins  to  leave  the 
base  line  or  abscissa.  Raise  a  vertical  line  or  ordinate 
from  each  of  these  points,  aud  the  interval  between 
these  lines,  as  measured  by  the  chronograph,  indicates 
the  time  (fig.  325).] 

[The  time-relations  of  a  simple  muscular  con- 
traction caused  by  a  single  induction  shock  Fig.  326. 
may  be  studied  by  means  of  the   following  Arrangement  for  estimating  the  time- 


relations  duriug  contraction  of  a 
muscle  produced  by  a  faradic  shock. 
B,  battery  ;  K,  key  in  primary  circuit ; 
I,  jirimary,  II,  secondary  spiral ;  I, 
muscle  lever ;  e,  electro-magnet  in 
primary  circuit ;  t,  electi'ic  signal  ;  SL 
support ;  RC,  revolving  cylinder  (after 
Rutherford). 


Fix  also  a  Dupre's  chrono- 


arrangement : — Attach  a  frog's  gastrocnemius  to 
a  lever,  as  in  fig.  326,  and  through  the  frog's 
muscle  place  two  wires  from  the  secondary  coil 
of  an  induction  machine.    A  scale-pan  with  a 
weight  is  attached  to  the  lever.    On  the  same 
support  adj  ust  an  electro-magnet  with  a  writing- 
style  in  the  primary  circuit,  and  in  this  circuit 
also  place  a  key  (K)  to  make  and  break  the  current 
graph  to  the  same  support,  and  make 
it  vibrate  by  connecting  it  in  circuit 
with  a  tuning-fork  of  known  rate  of 
vibration,  and  driven  by  a  galvanic 
battery.    See  that  the  points  of  all 
three  levers  write  exactly  over  each 
other  on  the  revolving  cylinder.  The 
upper  lever  registers  the  contraction, 
the  electro-magnet   the  moment  the 
stimulus  is  applied  to  the  muscle,  and  ^^^^^^^  stimulafed^  alternately  by  a  single 

the  electrical  chronograph  the  time.J        break  (B)  and  make  shock  (M).   The  lower  curve 

[Single  make  (closing)  or  break     shows  the  same,  but  with  the  muscle  fatigued, 
(opening)  induction  shocks.     A  muscle  or  nerve  may  be  stimulated  either  with 
a  "  make  "  or  "  break  "  induction  shock,  but  it  is  important  to  notice  that  the  break 
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OVERWEIGHTED  MUSCLES. 


328. 


shock  is  stronger  than  the  make.    In  fig.  327,  B  shows  the  effect  produced  by  a 
single  break  induction  shock,  and  M  that  of  a  single  make  shock.] 

Overweighted  Muscles. —The  foregoing  reniaik.s  apply  to  curves  obtained  by  a  liAjlil  lever 
eunuoctod  with  tlie  iiuisclo.  It'  the  muscle  lever  be  "overweighted,"  or  overloaded,  i.e.,  if  the 
lever  be  loaded,  so  that  when  the  nuiscle  contracts  it  has  to  lift  these  weights,  the  course  of  the 
curve  varies  according  to  the  weight  to  be  lifted.  It  is  necessary,  however,  to  su]jport  tlie  lever 
in  the  intervals  when  the  muscle  is  at  rest.  As  the  weiglits  are  increased,  the  occurrence  of  the 
contraction  is  delayed.  This  is  due  to  the  fact  that  the  muscle,  at  tlie  moment  of  stimulation, 
must  accumulate  as  much  energy  as  is  necessary  to  lift  the  weight.  The  greater  the  weight,  the 
longer  is  the  time  before  it  is  raised.  Lastly,  the  muscle  may  be  so  "loaded,"  or  "overloaded," 
that  it  cannot  contract  at  all  ;  this  is  the  limit  of  the  muscular  or  mechanical  energy  of  the 
muscle  {v.  HclnihoUz). 

Fatigue. — If  a  muscle  be  caused  to  contract  so  frequently  that  it  becomes 
fatigued,"  the  latent  period  is  longer,  the  curve  is  not  so  high,  because  the 

I  muscular  contraction  is  lees, 
and  the  abscissa  is  longer,  i.e., 
the  contraction  is  slotver  and 
I  lasts  longer  (fig.  328).  C'ooi- 
I  in(/  a  muscle  has  the  same 
effect.  Soltmann  finds  that, 
the  fresh  muscles  of  new-bom 
animals  behave  in  a  similar 
manner.  The  myogram  has 
a  flat  apex  and  considerable 
elongation  in  the  descending 
limb  of  the  curve. 

I,  Contraction  of  a  fatigued  frog's  muscle  writing  its  contrac-  Constant  Current. — If  the 
tion  on  a  vibrating  j)late  attached  to  a  tuning-fork.  Each  onotor  nerve  of  a  muscle  be 
vibration  =  0-01613  second  ;  a  b  =  latent  period  ;  i  c  stage  stimulated  by  a  make  or  break 
of  increasing  energy ;  c  a,  oi  decreasing  energy.    II,  The  v>    1     f  y  y 

most  rapid  writing  movements  of  the  right  hand  inscribed  snoct  ot  a  constant  current, 
on  a  vibrating  plate.  Ill,  The  most  rapid  trembling  tetanic  the  resulting  muscular  con- 
movements  of  the  right  fore-arm  inscribed  on  the  same  traction  corresponds  exactly 
P^^*^-  to  that  already  described.  If, 

liowever,  the  current  be  made  or  broken  with  the  muscle  itseK  directly  in  the 
circuit,  during  the  make  shock,  there  is  a  certain  degree  of  contraction  which  lasts 

for  a  time,  so  that  the  curve 
assumes  the  form  of  tig. 
329,  where  S  represents  the 
moment  of  closing  or  making 
the  current,  and  0  the 
moment  of  opening  or  break- 
Effect  on  a  muscle  of  closing  and  opening  a  constant  current.  /e  335  j)^ 

S,  closing;  O,  opening  shock  (  TF^mrfO.  The  investigations  of  Cash  and 

Kronecker  show  that  individual  muscles  have  a  special  form  of  muscle-curve  ;  the  omohyoid 
of  the  tortoise  contracts  more  rapidly  thau  the  pectoralis.  Similar  ditierences  occur  in  the 
muscles  of  frogs  and  mammals.  The  flexors  of  the  frog  contract  more  rapidly  than  the  extensors 
(Griltzner)  Sometimes  within  one  and  the  same  muscle  there  are  "red  "  (rich  in  glycogen)  and 
"pale"  fibres  (§  292).  The  red  fibres  contract  more  slowly,  are  less  excitable,  and  less  easily 
fatigued  {Grutzner).  The  muscles  of  flying  insects  contract  very  rapidly,  even  more  thau  100 
times  per  second. 

Poisons. — Very  small  doses  of  curara  or  quinine  increase  the  height  of  the  contraction 
(excited  by  stimulation  of  the  motor  nerve),  w^hile  larger  doses  diminish  it,  and  finally  abolish 
it  altogether.  Guanidin  has  a  similar  action  in  large  doses,  but  the  maximum  of  contraction 
lasts  fo^i-  a  longer  time.  Suitable  doses  of  veratrin  also  increase  the  contractions,  but  the  stage 
of  relaxation  is  greatly  strengthened  {Bosshadi  and  Closlermcycr).  Veratrin,  autiarin, 
digitalin.  in  large  doses,  act  upon  the  sarcous  substance  in  such  a  way  that  the  contrac 
become  very  prolonged,  not  unlike  a  condition  of  prolonged  tetanus  {Hnrlcss,  1S62). 
latent  period  of  muscles  poisoned  with  veiatrin  and  strychnin  is  shortened  at  Jii-st,  and  after 
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,  ,  .1  „oi  Tl„>  oastrocnemius  of  a  frog  supplied  by  blood  contaiuing  soda  contracts 
wards  Jeneeh  Tl  .  ^f^S^s  of  opinion"  that  muscular  poisons  act  by  controlling  the 
?^7'-H-'S  Jf  wnte  •  bv  the  sarcous  substance.  As  muscular  contraction  depends  on  imbibition 
;??7  11  )  tCform^f  t^^^^^^^^^  of  the  poisoned  muscle  will  depend  upon  the  altered 

aty^^^-S^"^  ""^  then  be  made  to  spring,  it  does  so 

^  i1f  W  when  it  alf^^^^^^^  a-ain  the  hind  legs  are  extended,  and  they  are  only  drawn  up  after 
rapidly,  ^i^t  J  contractfon,  with  slow  and  prolonged  relaxation,  are  the 

J- ft  3ements  in  a  muscle  poisoned  with  veratrin,  the  ascent  is  c|uick  enough 
bStlwii'crtS  tbr  a  long  time,  s^O  that  this  condition  has  been  called  "contracture." 
A  single  stimulation  may 
cause  a  contraction  lasting 
live  to  fifteen  seconds,  ac- 
cording to  circumstances  (fig. 
330).  Brunton  and  Cash 
iind  that  cold  has  a  marked 
etiect  on  the  action  of  veratrin 
—in  fact,  its  eftect  may  be 
permanently  destroyed^  by 
exposure  to  extremes  of  heat 
or  cold.  The  muscle-curve 
of  a  brainless  frog  cooled 
artificially,  and  then  poison- 
ed by  veratrin,  occasionally 
gives  no  indications  of  the 
action  of  the  poison  until  its 
temperature  is  raised,  and 


Fig.  330. 

Lower  curve  is  the  normal  muscle-cnrve  (frog),  upper  one  of  the 
same  muscle  with  veratrin  [Stirling). 


thrsTs'noTdurto  non-'absorption  of  the  poison.  Cold,  therefore,  abolishes  or  lessens  the  con- 
tmcturrpeSar  to  a  veratiL-curve.  Si'milar  results  are  obtained  w  th  salts  of  barirun,  and  to 
a  less  degree  by  those  of  strontium  and  calcium  {Brunton  and  Casli).} 

Smooth  Muscles.— The  muscle-curve  of  smooth  or  non-striped  muscles  is  similar 
to  that  of  the  striped  muscles,  but  the  duration  of  the  contraction  is  visibly  much 
longer  and  there  are  other  points  of  difference.  Some  muscles  stand  midway 
between  these  two,  at  least  as  far  as  the  duration  of  their  contractions  is  con- 
cerned. 

The  "red"  muscles  of  rabbits,  the  muscles  of  the  tortoise,  the  adductors  of  the  common 
mussel,  and  the  heart,  all  react  in  a  similar  manner. 

Contraction-Remainder.— A  contracted  muscle  assumes  its  original  length  only 
when  it  is  extended  by  sufficient  traction,  e.c/.,  by  means  of  a  weight.  Otherwise, 
the  muscle  may  remain  partially  shortened  for  a  long  time.  This  condition  has 
been  called  "contracture"  (Tier/el),  or,  better,  contraction-remainder  (Hermann). 
This  condition  is  most  marked  in  muscles  that  have  been  previously  subjected  to 
strong,  direct  stimulation,  and  are  greatly  fatigued,  which  are  distinctly  acid,  and 
ready  to  pass  into  rigor  mortis,  or  in  muscles  excised  from  animals  poisoned  with 
veratrin  (fig.  330). 

Rapidity  of  Muscular  Contraction.— In  man,  single  muscular  movements  can 
be  executed  with  great  rapidity.  The  time-relations  of  such  movements  can  be 
ascertained  by  inscribing  the  movements  upon  a  smoked  glass  plate  attached  to  a 
tuning-fork.  Fig.  328,  II,  represents  the  most  rapid  voluntary  movements  that 
Landois  could  execute,  as,  e.g.,  in  writing  the  letters  n,  n,  and  every  contraction  is 
equal  to  about  3-5  vibrauons  (1  vibration  =  0-01613  second)  =  0-0564  second.  In 
III,  the  right  arm  was  tetanised,  in  which  case  2  to  2-5  vibrations  occur  =  0-0323 
to  0-0403  second. 

V.  Kries  found  that  a  simple  muscular  twitch,  caused  by  a  single  induction  shock, 
is  shorter  than  a  momentary  voluntary  single  movement.  If  the  thickening  caused 
by  a  single  voluntary  contraction  of  a  muscle  be  registered  directly,  the  curve 
shows  that  the  contraction  within  the  muscle  lasts  longer  than  the  duration  of  the 
movement  produced  in  the  passive  motor  apparatus  itself.  This  paradoxical 
phenomenon  is  due  to  the  fact  that,  shortly  after  the  primary  voluntary  muscular 
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EFFECT  OF  SUCCESSIVE  STIMULI. 


contraction,  there  is  a  contraction  of  the  antagonistic  muscles,  whereby  a  part  of 
the  intended  movement  is,  as  it  were,  cut  off.  During  the  most  rapid  voluntary 
movement  in  human  muscles,  v.  Krics  found  that  4  stimuli  per  second  were  active, 
so  that  a  voluntary  contraction  is  really  a  short  tetanus. 

Pathological. — In  secondary  degeneration  of  the  spinal  cord  after  apoplexy,  atrophic  muscular 
anchylosis  of  the  limbs,  muscuhir  atrophy,  progressive  ataxia,  ana  jjaralysis  agitans  of  long 
standing,  the  latent  period  is  lengthened ;  while  it  is  shortened  in  the  contracture  of  senile  chorea 
and  spastic  tabes  {Mendelssohn).  The  whole  curve  is  lengthened  in  jaundice  and  diabetes 
{Ediiujer).  In  cerebral  hemiplegia,  during  the  stage  of  contracture,  the  muscle-curve  resembles 
the  curve  of  a  muscle  poisoned  with  veratrin,  and  the  same  is  the  case  in  spastic  spinal  paralysis 
and  amyotrophic  lateral  sclerosis ;  in  pseudo-hypertrophy  of  the  muscles  the  ascent  is  short  and 
the  descent  very  elongated.  In  muscular  atrophy,  after  cerebral  hemiplegia,  and  in  tabes,  the 
latent  period  increases,  while  the  height  of  the  curve  diminishes.  In  chorea,  the  curve  is  short 
{Reaction  of  Degeneration,  §  339).  In  rare  cases  in  man,  it  has  been  observed  that  the  execution 
of  spontaneous  movements  results  in  a  very  prolonged  contraction  (Thomflen'B  diBeaae). 
such  cases  the  muscular  fibres  are  very  broad,  and  the  nuclei  increased  {Erb). 

II.  Action,  of  Two  Successive  Stimuli. — Let  two  momentary  stimuli  be  applied 
successively  to  a  muscle  : — (A)  If  endi  stimulus  or  shock  be  of  itself  sufficient  to 
cause  a  maximal  conti-action,  i.e.,  the  greatest  possible  contraction  which  the 
muscle  can  accomplish,  then  the  effect  will  vary  according  to  the  time  which 
elapses  between  the  application  of  the  two  stimuli,  (a)  If  the  second  stimulus  is 
applied  to  the  muscle  after  the  relaxation  of  the  muscle  following  upon  the  first 
stimulus,  we  obtain  merely  two  maximal  contractions,  (b)  If,  however,  the  second 
stimulus  be  applied  to  the  muscle  chiring  the  time  that  the  effect  of  the  first  is 
present,  i.e.,  while  the  muscle  is  in  the  phase  of  contraction  or  of  relaxation ;  in 
this  case  the  second  stimulus  causes  a  new  maximal  contraction,  according  to  the 
time  of  the  particular  phase  of  the  contraction,  (c)  When,  lastly,  the  second 
stimulus  follows  the  first  so  rapidly  that  both  occur  during  the  latent  period,  we 
obtain  only  one  maximal  contraction  {v.  Uelmholtz).    It  is  to  be  specially  noted 

that  a  single  maximal 
stimulus  never  excites 
the  same  degree  of 
shortening  as  tetanic 
stimulation  (III),  but 
only  about  \  of  the 
height  of  the  contrac- 
tion in  tetanus. 

(B)  If  the  stimuli 
be  not  maximal,  but 
only  such  as  cause  a 
medium  or  sub-max- 
imal contraction,  the 

TT  •  efi'ects  of  both  stimuli 

I,  two  successive  sub-maximal  contractions;  II,  successive  contiac-  ^„,^^„,^„„„j  „_ 

tions  produced  by  stimulating  a  muscle  with  12  induction  shocks  are  superposea,  or 
per  second ;  III,  curve  produced  with  very  rapid  induction  shocks  there  is  a  summation 
(complete  tetanus).  of  the  contractions  (fig. 

331).  It  is  of  no  consequence  at  what  particular  phase  of  the  primary  contraction 
the  second  shock  is  applied.  In  all  cases,  the  second  stimulus  causes  a  contrac- 
tion, just  as  if  the  phase  of  contraction  caused  by  the  first  shock  was  the  natural 
passive  form  of  the  muscle,  i.e.,  the  new  contraction  (h,  c)  starts  from  that  pomt  as 
from  an  abscissa  (fig.  331,  I,  h).  Thus,  under  favourable  conditions,  the  contraction 
may  be  twice  as  great  as  that  caused  by  the  first  stimulus.  The  most  favourable 
time  for  the  application  of  the  second  stimulus  is  ^th  second  after  the  application 
of  the  first  (Seivall).  The  effects  of  both  stimuli  are  obtained  even  when  the 
second  stimulus  is  applied  during  the  latent  period  {v.  Eelmholtz). 
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III.  Tetanus— Summation  of  Stimuli. — If  stimuli,  each  capable  of  causing  a 
contraction,  and  following  each  other  with  medium  rapidity,  be  applied  to  a 
muscle  the  muscle  has  not  sufficient  time  to  elongate  or  relax  in  the  intervals  of 
stimulation.  Therefore,  according  to  the  rapidity  of  the  successive  stimuli,  it 
remains  in  a  condition  of  continued  vibratory  contraction,  or  in  a  state  of  telanUB. 
Tetanus  is,  however,  not  a  continuous  uniform  condition  of  contraction,  but  it  is  a 
discontinuous  condition  or  form  of  the  muscle,  depending  upon  the  summation  or 
accumulation  of  contractions.  If  the  stimuli  are  applied  with  moderate  rapidity, 
the  individual  contractions  appear  in  the  curve  (fig.  331,  II) ;  if  they  occur  rapidly, 
and  thus  become  superposed  and  fused,  the  curve  appears  continuous  and  unbroken 
by  elevations  and  depressions  (fig.  331,  III),  As  a  fatigued  muscle  contracts 
slowly,  it  is  evident  that  such  a  muscle  will  become  tetanic  by  a  smaller  number  of 
stimuli  per  second  than  will  suffice  .for  a  fresh  muscle  {Marey).  AH  muscular 
movements  of  long  duration  occm-ring  in  our  bodies  are  probably  tetanic  in  their 
nature  {Ed.  Weber). 

[Summation  of  Stimuli. — If  a  stimulus,  insuflBcient  in  itself  to  cause  contraction 
of  a  muscle,  be  repeatedly  applied  to  a  muscle  in  proper  tempo  and  of  sufficient 
strength,  at  first  a  slight  and  then  a  stronger  or  maximal  contraction  may  be 
produced.    This  process  of  summation  occurs  also  in  nervous  tissue  (§  360).] 

[Staircase  or  " Treppe."  Bowditch  showed  that  the  cardiac  contractions  exhibited  a  "stair- 
case" character,  i.e.,  the  height  of  the  second  beat  is  greater  than  that  of  the  first ;  and  the  third 
than  that  of  the  second  (p.  84).  The  same  occurs  in  the  case  of  the  muscles  of  the  ivog{Ticgcl, 
Minot)  and  in  mammals  {Rosshach). 
tetanus-curve  have  really  a  staircase 
character,  and  that  its  exact  form  is 
that  of  a  hyperbola.  Bohr  found 
that  (1)  this  form — the  muscle  not 
being  fatigued — is  independent  of 
the  strength  and  frequency  of  the 
stimuli.  (2)  The  height  of  the  series 
of  contractions  in  tetanus  is  inde- 
pendent of  the  frequency  of  the 
stimuli,  increase  of  frequency  merely 
causing  the  staircase  to  reach  its 
maximum  more  rapidly.  (3)  The 
height  of  the  staircase  increases — 
within    certain    limits  —  with  the 


Bohr  showed  that  the  successive  ascending  apices  in  a 
Minimal.  Maximal.         Sub-maximal.  Miiximal. 


Four  groups  of 
seconds,  and 
(BiicJcmaster). 


Fig.  332. 

contractions,  interval 
5  minutes  pause 


of  simulation  2 
between  two  groups 


but  as 


strength  of  the  stimulus.     Buckmaster  has  confirmed  this  for  simple  conti'actions, 
shown  in  fig.  332,  when  the  stimuli  are  minimal  or  sub-maximal,  there  is  usually  no  staircase 
character  of  the  contractions,  j 
but   maximal   stimuli  always 
cause  it.] 

A  continued  voluntary 
contraction  in  man,  consists 
of  a  series  of  single  con- 
tractions rapidly  following 
each  other.  Every  such 
movement,  on  being  carefully 
analysed,  consists  of  inter- 
mittent vibrations,  which 
reach  their  maximum  when 

a  person  shivers (-E'd  Weber).  Fig.  333. 

—  [Baxt  found  that  the  I.,  vibration  obtained  from  the  flexor  brevis  follicis;  II.,  from 
simplest  possible  voluntary  the  extensor  digiti  tertii. 

contractions,  e.g.,  striking  with  the  index  finger,  occupies  on  an  average  nearly  twice 
as  long  a  time  as  a  similar  movement  discharged  by  a  single  induction  shock.] 

The  numher  of  single  impulses  sent  to  onr  muscles  during  a  voluntary  move- 
ment is  tolerably  variable,  during  a  slow  contraction  =  8  to  12,  and  during  a  rapid 
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eoQtraction  =  18  to  20  impulses  per  second.  Fig.  333, 1.,  represents  a  myogram  of  a 
sustained  contraction  of  the  tlexor  brevis  poUicis  and  abductor  pollicis,  recorded  ou 
a  vibratin"  ijlate  Tlie  wave-like  elevations  indicate  the  single  impulses,  each 
tooth  =  0  -01 6 1 3  second.  II.  is  a  similar  curve  registered  by  the  extensor  digiti  tertu 
(Lanitois)  rSchiifer  finds  that  a  prolonged  voluntary  contraction  in  man  is  an 
incomplete  tetanus  produced  by  8  to  13  successive  nervous  impuhses  per  second. 
About  10  per  second  may  be  taken  as  the  average.] 

The  roquisite  degree  of  shortening  is  obtained,  by  the  summation  of  single  stimuli  allied  to 
the  slo  vlv  contracting  muscle,  untifthe  desired  degree  of  shor  eniug  is  obtained  In  estimating 
:^.Xk'l^lm^t  ofmovement,  we  generally  oppose  some  resistance  by  contracting  antagonistic 
muscles  as  is  shown  by  obseiTations  on  spare  individuals  (yj?'M*e).  „„„eicf  «f 

The  tetanic  contractionB,  which  occur  normally  in  an  mtact  body,  ^••^^F^^f  .to  consist  of 
a  se  ies  of  successive  contractions,  because  they  can  give  rise  to  secondary  tetanus  §  332  which 
mav  also  be  caused  by  muscles  thrown  into  tetanus  by  strychnm  poisoning  {Lovhi)  The 
Se  e  sound  cannot  be^regarded  as  a  proof  of  the  oscillatory  movement  in  tetanus  t^^He  mhol^ 
has  shown  that  this  sound  coincides  with  the  resonance  sound  of  the  eai  {Henng  mid 

^Tft'Sscle  be  connected  with  a  telephone,' whose. wires  are  brought 

^^ti^ct'^hrtr;^^^^^^^^^  an  induction  machine  vibrates  about  50  times 

per  second  {frc&»*i-i«nrf  A'ro7iecto^  produce  tetanus  varies  in  different  animals,  and  in 
The  number  of  stimuli  requisite  to  P^^^^  sthmdi  per  second  are  required  to  produce 
diflerent  muscles  of  the  same  animaL  A^^^^^^^^^  o  'ly  iTgas  "cne^^^  27) ;  v^ry  feeble  stimuli 
tetanus  in  the  muscles  of  the /ro(?  } T^^^ .  ^jf^  ^^^^^^  of  the  tortoise  become  tetanic 
(more  than  20  per  second  cause  tetanus  ^ '/'i^™'^:,;'^^^       TO  the  vale  bv  over  20 

bti^ro^l Wcai^^i^lS^I^^^  ^5,t%?h4ali;  interrupted 
■  ''SriSmSes  sometimes  pass  into  tetanus  on  the  application  of  a  momentary  stimulus 

(iru7«;^,  of  new-born  rabbits  were  rendered  tetanic  with  16 

0.  Soltmann  found  t  at  tjl^^f^^^f^^^^'  iu  them  with  the  same  number  of  shocks  as  in 

stimuli  per  second,  so  that  tetanus  was  pioaucea    f^^igued  adult  muscles.   This  may  serve 

partly  to  explain  the  facility  with  which 
spasms  occur  in  new-bom  animals. 

[The  red  and  pale  muscles  of  a 
rabbit,  as  already  shown,  differ  struc- 
I  turaUy,  and  also  in  regard  to  then- 
blood  supply  (P-  45S).  They  also  differ 
physiologically  and  chemically  (p.  460). 
When  both  muscles  are  caused  to  con- 

wmmm^-^——  '  tract,  by  stimulating  the  sciatic  nerve 

,  with  a  single  induction  shock,  the 

,  7        \      A   ,„i„  n^,vor>i  curves  obtained  are  shown  m  fig.  3-34  ; 
Curves  obtained  from  red  (upper)  and  pale  (louver)  ^^.^^^^  the 

muscles  of  a  rabbit,  by  stimulating  the  sciatic  nerve  ti  e  ^  ^^^^^       ^^^^  ^ 
with  a  single  induction  shock     The  l^^^-^^t  ^^^^  p^^liod  is  longer,  while  the  duration  of 
indicates  •  time,   and  is  divided  into  -rss  secona  1  ^.^^      contraction  of  a  red  muscle  is 
{Kroneclcer  and  Stirling).  ^^^^.g^  ^imes  longer  than  that  of  a  pale 

„»de.    Four  stimuli  per  seooud  cause  a„  inco,„pl«o  «,       "  Efj^io^VsaSu^^^^ 

£ndr.r  i'Ji;.'^- *;^^.tfa1itf  :i{fLX&  ^  iuauc.i.u  .uoc^s 

up™  tl"  ,tm,g.l,  of  th.  indivldu.1  f  nmli-b.t  uot  S    liey  ai  m'S 

that  of  tetanus  are  the  same  (^.  i^^-«/).    On  to  a  muscle  imme- 
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Duration  of  Tetanna. — A  tetauised  muscle  cannot  remain  contracted  to  the  same  extent  for 
an  iiulefiuite  period,  even  if  the  stimuli  are  kept  constant.  It  gradually  begins  to  elongate, 
at  first  somewhat  rapidly,  and  then  move  slowly,  owing  to  the  occurrence  of  fatigue. 


If  the 


Fig.  335. 

Make  and  break  induction  shocks  of  300  units,  applied  at  intei-vals  of  a  i  second  to  the  pale 
(lower)  and  red  (upper)  muscles  of  a  rabbit.  The  lowest  line  marks  j  . second  {Kronecker 
and  Stirling). 

tetanic  stimulation  is  arrested,  the  muscle  does  not  regain  its  original  position  and  shape  at 
once,  but  a  contraction-remainder  exists  for  a  certain  time,  this  being  more  evident  after  stimu- 
lation with  induction  shocks. 

IV.  If  very  rapid  induction  shocks  (224:  to  360  per  second)  be  applied  to  a 
muscle,  the  tetanus  after  a  so-called  "  initial  contraction  "  (Bernstein)  may  cease 
[Harless,  Heidenhain).  This  occurs  most  readily  when  the  nerves  are  cooled. 
Kronecker  and  Stirling,  however,  found  that  stimuli  following  each  other  at  greater 
rapidity  than  24,000  per  second  produced  tetanus. 

[Tone-inductoritim  of  Kronecker  and  Stirling. — This  apparatus  (fig.  336),  consists  of  a  rod 
of  iron,  d,  fixed  in  an  iron  upright  at  a.  The  primary,  s„  and  secondary  spiral,  s,„  rest  on 
wooden  supports,  which  can  be  pushed  over  both  ends  of  the  rod.    One  end  of  the  rod  lies 

\ 


Fig.  336. 

Tone-inductoi-ium  of  Kronecker  and  Stirling,    d,  iron  rod,  clamped  at  a  ;  s„  primary,  s„, 
secondary  spiral,  with  a  ke}',  Ic  ;  leatljer  rollers,  /  and  g,  driven  by  wheels,  h.  ' 

between  leather  rollers,  /  and  g,  which  can  be  made  to  rub  on  the  rod  by  moving  the  toothed 
wheels,  h.  In  this  way  a  tone  is  produced  by  the  longitudinal  vibrations  of  tlie  rod,  the 
number  of  vibrations  being  proportional  to  the  length  of  the  rod,  so  that  by  means  of  this 
instrument  we  can  produce  from  1000  to  24,000  alternating  induction  shocks  per  second.] 

Fick  has  recently  investigated  the  changes— tension— undergone  by  a  muscle  when  it  is 
stimulated,  and  when  its  length  remains  constant,  and  he  calls  this  process  an  "isometrical 
muscular  act."  He  finds  that  a  voluntary  contraction  in  an  isometrical  act  in  man  causes  a 
higher  tension  than  a  contraction  excited  electrically.  In  the  frog,  the  tension  is  nearly  twice 
as  great  diuing  tetanus  as  during  a  single  maximal  muscular  contraction  ;  in  human  muscles, 
it  may  be  ten  times  as  great. 

299.  RAPIDITY  OF  TRANSMISSION  OF  A  CONTRACTION.— 1.  If  along 
muscle  be  stimulated  at  one  end,  a  contraction  occurs  at  that  point,  and  is  rapidly 
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propagated  in  a  wave-like  manner  through  the  whole  length  of  the  muscle,  until 
it  reaches  its  other  end.  The  condition  of  excitement  or  molecular  disturbance  is 
communicated  to  each  successive  part  of  the  muscle,  in  virtue  of  a  special  conduc- 
tive capacity  of  the  muscle.  The  mean  velocity  of  the  contraction-wave  is  3  to  4 
metres  per  second  in  the  frog  {Bernstein,  3-869  metres)  ;  rabbit,  4  to  5  metres 
{Bei'iistein  and  Steiner) ;  lobster,  1  metre  {Frklhiai  and  van  de  Velde) ;  in  smooth 
muscle  and  in  the  heart,  only  10  to  15  millimetres  per  second  (§  58,  4).  These 
results  have  reference  only  to  excised  muscles,  the  velocity  of  transmission  being 
much  greater  in  the  voluntary  muscles  of  a  living  man,  viz.,  10  to  13  metres  {Her- 
mann, §  334,  II.). 

Methods.— A eby  placed  writing-levers  upon  both  ends  of  a  muscle,  the  levers  resting  trans- 
versely to  the  direction  of  the  muscular  fibres.  The  muscle  was  stimulated,  and  both  levers 
registered  their  movements,  the  one  directly  over  the  other  on  a  revolving  cylinder.  On  stimu- 
lating one  end  of  the  muscle,  the  lever  nearest  to  this  point  is  raised  by  the  contraction-wave, 
and  a  little  later  the  other  lever.  When  we  know  the  rate  at  which  the  cylinder  is  moving, 
and  the  distance  between  the  two  elevations,  it  is  easy  to  calculate  the  rapidity  of  transmission 
of  the  contraction-wave. 

Duration  and  Wave-Length. — The  time,  corresponding  to  the  length  of  the 
abscissa  of  the  muscle-curve  inscribed  by  each  writing-lever,  is  equal  to  the  duror 
tion  of  the  contraction  of  this  part  of  the  muscle  (according  to  Bernstein,  0-053  to 
0-098  second).  If  this  value  be  multiplied  by  the  rapidity  of  transmission  of  the 
muscular  contraction-wave,  we  obtain  the  ivave-length  of  the  contractionrwave 
(  =  206  to  380  millimetres). 

Modifying  Influences.— Cold  (fig.  337),  fatigue,  approaching  death,  and  many 
poisons  [veratrin,  KCy]  diminish  the  velocity  and  the  height  of  the  contraction- 
wave,  while  the 
strength  of  the  stim- 
ulus and  the  extent 
to  which  the  muscle 
is  loaded  are  without 
any  efiect  upon  the 
velocity  of  the  wave 
{Aehy).  In  excised 
muscles,  the  size  of 
the  wave  diminishes 
j'ij,^  337_  as  it  passes  along  the 

Upper  two  curves,  2  and  1,  obtained  from  a  rabbit's  muscle  by  the  muscle,  but  this  is 
above  arrangement ;  the  lower  two  curves  from  the  same  muscle,  not  the  case  in  the 
when  it  was  cooled  by  ice.  muscles  of  living  men 

and  animals.  The  contraction-wave  never  passes  from  one  muscular  fibre  to  a 
neighbouring  fibre.  •  i 

[Fig.  3-37  shows  the  effect  of  cold  on  the  muscles  of  a  rabbit,  in  delaying  the  contraction- 
wave.    There  is  a  longer  distance  between  1  and  2  in  the  lower  than  in  the  upper  curves.] 

2.  If  a  long  muscle  be  stimulated  locally  near  its  middle,  a  contraction-wave  is 
propagated  towards  both  ends  of  the  muscle.  If  several  points  be  stimulated 
simultaneously,  a  wave  movement  sets  out  from  each,  the  waves  passing  over  each 
other  in  their  course  (Schif). 

3.  If  a  stimulus  be  applied  to  the  motor  nerve  of  a  muscle,  an  impulse  is  com- 
municated to  every  muscular  fibre ;  a  contraction-wave  begins  at  the  end-organ 
[motorial  end-plate],  and  must' be  propagated  in  both  directions  along  the  muscular 
fibres,  whose  length  is  only  3  to  4  centimetres.  As  the  length  of  the  motor  fibres 
from  the  nerve-trunk  to  where  they  terminate  in  the  motorial  end-plates  is  unequal, 
contraction  of  all  the  muscular  fibres  cannot  take  place  absolutely  at  the  same 
moment    as  the  nerve  impulse  takes  a  certain  time  to  travel  along  a  nerve. 
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Nevertheless,  the  difference  is  so  small  that,  when  a  muscle  is  caused  to  contract 
by  stimulation  of  its  motor  nerve,  practically  the  whole  muscle  appears  to  contract 
simultaneously  and  at  once. 

4.  A  complete,  miifon)i,  momentary  contraction  of  all  the  fibres  of  a  muscle  can 
only  take  place  when  all  the  fibres  are  excited  at  the  same  moment.  This  occurs 
when  the  electrodes  are  placed  at  both  ends  of  the  muscle,  and  an  electrical 
stimulus  of  momentary  duration  passes  through  the  whole  length  of  the  muscle. 

300.  MTJSCTJLAR  WORK. — Muscles  are  most  perfect  machines,  not  only 
because  they  make  the  most  thorough  use  of  the  substances  on  which  their  activity 
depends  (§  217),  but  they  are  distinguished  from  all  machines  of  human  manufac- 
ture by  the  fact  that,  by  frequent  exercise  they  become  stronger,  and  are  thereby 
capable  of  accomplishing  more  work  {Du  Bois-Reymond). 

The  amount  of  work  (AV)  which  a  muscle  can  perform  is  equal  to  the  product 
of  the  weight  lifted  (p)  and  the  height  to  which  it  is  lifted  (/i),  i.e.,  W  =  p/i 
{Introduction).  Hence,  it  follows  that  when  a  muscle  is  not  loaded  (where  p  =  0), 
then  IV  must  be  =  0,  i.e.,  no  work  is  performed.  If,  again,  it  be  overloaded  with 
too  great  a  load,  so  that  it  is  unable  to  contract  {h  =  0),  here  also  the  work  is  nil. 
Between  these  two  extremes  an  active  muscle  is  capable  of  doing  a  certain  amount 
of  "work." 

I.  Work  with  Maximal  Stimulation. — "When  the  strongest  possible,  or  maximal 
stimulus  is  applied — i.e.,  when  the  strength  of  the  stimulus  is  such  as  to  cause  a 
muscle  to  contract  to  the  greatest  possible  extent  of  which  it  is  capable,  the  amount 
of  work  done  increases  more  and  more  as  the  weight  is  increased,  but  only  up  to  a 
certain  maximum.  If  the  weight  be  gradually  increased,  so  that  it  is  lifted  to  a 
less  height,  the  amount  of  work  diminishes  more  and  more,  and  gradually  falls  to 
be  =  0,  when  the  weight  is  not  lifted  at  all. 

Example  of  tlie  work  done  by  a  frog's  muscle  (Ed.  Wchcr)  : — 


Weight  lifted  in  Grammes. 

Heiglit  in  Millimetres. 

Worlc  done  in  Gramme-Millimetres. 

5 

27-6 

138 

15 

25-1 

376 

25 

11-45 

286 

30 

7-3 

220 

experi 


50 


100 


100 


we  get  a  certain  height  of  contraction.  Fig.  338  shows 
kind.  Tlie  vertical  lines  represent  the  height  to  which 
the  weights  (in  gi-ammes)  noted  under  them  were  raised, 
so  that,  as  a  rule,  as  the  weight  increases  the  height  to 
which  it  is  raised  decreases.  ] 

Laws  of  Muscular  Work.— 1.  A  muscle  can 
lift  a  greater  load  the  larger  its  transverse  section, 
i.e.,  the  more  fibres  it  contains  arranged  parallel . 
to  each  other. 

2.  ^  The  longer  the  muscle,  the  higher  it  can  lift 
a  weight. 

3.  When  a  muscle  begins  to  contract,  it  can  lift 
the  largest  load  ;  as  the  contraction  proceeds,  it 
can  only  lift  a  less  and  less  load,  and  when  it  is 
at  its  maximum  of  shortening,  only  relatively  very 
light  loads. 

4.  By  the  term  "  absolute  muscular  force  "  is  meant,  according  to  Ed.  Weber, 
just  the  weight  which  a  muscle  undergoing  maximal  stimulation  is  no  longer  able 
to  htt  (the  muscle  bemg  in  its  normal  resting  phase),  and  without  the  muscle  at 
the  moment  of  stimulation  being  elongated  by  the  weio-ht. 
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Height  to  which  each  of  the  weights 
is  raised. 
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Comparative.— Comiiariug  tlie  absolute  muscular  force  of  diflerent  muscles,  eveu  in  different 
animals,  it  is  usual  to  calculate  it  with  reference  to  that  of  a  s(|uare  centimetre.  The  mean 
transverse  section  of  a  muscle  is  obtained  Ijy  dividing  its  volinno  by  its  lengtli.  The  volume  is 
e(inal  to  the  absolute  weight  of  the  muscles  divided  by  its  specilic  gravity  =  1058.  The  absolute 
muscular  force  for  1  □  centimetre  of  a  frog's  muscle  =  2-8  to  3  kilos.  [6*6  lbs.]  (/.  Jioscn- 
/luil^  ;  for  I  □  centimetre  of  human  muscle  =  7  to  8  [Eenka  and  Knorz),  or  even  9  to  10  kilos. 
[20  to  23  lbs.]  {Komlcr,  llaMjMon).  Insects  can  perform  an  extraordinary  amount  of  work— 
an  insect  can  drag  along  sixty-seven  times  its  body-weight ;  a  horse  scarcely  three  times  its 
own  weight. 

5.  During  tetanus,  when  a  weight  is  kept  .suspended,  no  work  is  done  as  long  as 
the  weight  is  suspended,  but  of  course  work  is  done  in  the  act  of  lifting  the  load. 
To  produce  tetanus,  successive  stimuli  are  required,  the  muscular  metabolism  is  in- 
creased, and  fatigue  rapidly  occurs.  The  potential  energy  in  this  case  is  converted 
into  heat  (§  302).  When  a  muscle  is  stimulated  with  a  maximal  stimulus,  it  can- 
not lift  so  great  a  weight  with  one  contraction  as  when  it  is  stimulated  tetanically 
{Hermann).  The  energy  evolved,  even  during  tetanus,  is  greater  the  more  frequent 
the  stimulation,  at  least  up  to  100  stimuli  per  second  {Bernstein). 

II.  Medium  Stimuli.— If  a  muscle  be  caused  to  contract  by  stimuli  of  moderate 
strength,  i.e.,  such  as  do  not  cause  a  maximal  contraction,  there  are  two  possibilities: 
— Either  the  feeble  stimulus  is  kept  constant  whilst  the  load  is  varied,  in  which 
case  the  amount  of  work  done  follows  the  same  law  as  obtains  for  maximal  .stimula- 
tion ;  or,  the  load  may  be  kept  the  same,  whilst  the  strength  of  the  stimulus  Is 
varied.  In  the  latter  case,  Fick  observed  that  the  height  to  which  the  load  was 
lifted  increased  in  a  direct  ratio  with  the  strength  of  the  stimulus. 

The  stimulus  which  causes  a  muscle  to  contract  must  reach  a  certain  strength  or  intensity 
before  it  becomes  effective,  i.e.,  the  "liminal  intensity"  of  the  stimulus,  but  this  is  independ- 
ent of  the  weight  applied  to  the  muscle.  With  miuimal  stimuli,  a  small  weight  is  raised 
higher  than  a  large  one,  but  as  the  stimulus  is  increased,  the  contractions  also  increase  m  a 
larger  ratio  with  an  increased  load  {v.  Kries). 

The  blood-stream  within  the  muscles  of  an  intact  body  is  increased  during 
muscular  activity.  The  blood-vessels  of  the  muscle  dilate,  so  that  the  amount  of 
blood  flowing  through  them  is  increased  {Ludivig  and  Sczelkow).  At  the  time  that 
the  motor  fibres  are  excited,  so  also  are  the  vaso-dilator  fibres,  which  he  m  the 
same  nervous  channels  (§  294,  II.).  [Gaskell  found  that  faradisation  of  the  nerve 
of  the  mylohyoid  muscle  of  the  frog  not  only  caused  tetanus  of  the  muscle,  but 
also  dilatation  of  its  blood-vessels.] 

Testing  Individual  Muscles.— In  estimating  the  absolute  force  of  the  individual  muscles  or 
gi-oups  of  muscles  in  man,  we  must  always  pay  particular  attention  to  the  physical  re  ations, 
°     ^  i.e.,  to  the  arrangement  of  the  levers,  duection 

of  the  traction,  degree  of  shortening,  &c.  (§  306). 
Dynamometer.— The  absolute  force  of  certain 
groups  of  muscles  is  very  conveniently  and 
practically  ascertained  by  means  of  a  dyna- 
mometer (fig.  339).  This  instrument  is  very 
useful  for  testing  the  difference  between  the 
power  of  the  two  arms  in  cases  of  paralysis. 
The  patient  grasps  the  instrument  in  his  hand 
and  an  index  registers  the  force  exerted. 
Quetelet  has  estimated  the  force  of  certain 
Fig.  339.  muscles- the  pressure  of  both  hands  of  a  man 

Dynamometer  of  Mathieu.  to  be  =  70  kilos. ;  while  by  j)ulling  he  can  move 

double  this  weight.    The  force  of  the  female  hand  is  one-third  less.    A  man  can  carry  moi^ 
?han  double  his^own  weight ;  a  woman  about  the  half  of  this.    Boys  can  J^^^^^n  1^ 
more  than  --iris.    [Very  convenient  dynamometers  are  made  by  Salter  of  Bumingliam,  Don 
?or  testing  the  strength'  of  pull  and  sneeze  ;  in.  testing  the  former,  the       J|enJ.  is  held  a 
an  archer  holds  his  bow  when  in  the  act  of  drawing  it,  and  the  strength  of  pull  is  gij'»  "J 
index    in  the  atter  another  form  of  the  instrument  is  used.    Large  "'^f^?^'^" 
wei'  ma  le  by  means  of  these  instruments  by  Francis  Galton  at  the  Health        ^^^'^  '.J^^f J  . 
"Tmount  of  Work  Daily. -In  estimating  the  work  done  by  a  man  ^^^^^^ 
only  the  amount  of  work  done  at  any  one  moment,  but  how  often,  time  aftei  tmu, 
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succeed  iu  rtoiiu'  work.  The  mean  value  of  the  daily  work  of  a  man  working  eight  hour-s  a 
day  is  10  (10-5  to  11  at  most)  kilograiume-nietres  per  secoud,  i.e.,  a  daily  amount  of  work  = 
288,000  (300,000)  kilogramme-metres. 

[Ilrgostat.  Sometimes  it  is  desirable  that  jmtients — especially  those  who  suffer  from  excessive 

corpulence— should  do  a  certain  amount  of  work  daily  ;  this  can  bo  carried  out  by  Gaertner's 
Err'ostat,  which  resembles  a  winch,  driven  by  a  handle.  The  pressure  upon  the  wheel  can  be 
regulated  by  means  of  a  strap,  lever,  and  weights,  and  according  to  the  weight  ami  number  of 
revolutions  of  the  wheel,  can  the  amount  of  mechanical  work  be  accurately  regulated.  This 
instrument  is  recommended  for  therapeutical  jnirposes.] 

Modifying  Conditions. — Many  substances,  after  being  introduced  into  the  body,  diminiBli, 
and  ultimately  paralyse  the  production  of  work — mercury,  digitalin,  helleborin,  potash  salts,  <fcc. 
Others  increase  the  muscular  activity — veratrin  {Hossbach),  glycogen,  [cafiein,  and  allied  alka- 
loids], miiscarin  {Klug  ami  Fr.  Edgyes),  kreatin  and  hypoxanthin  ;  extract  of  meat  rapidly 
restores  the  muscles  after  fatigue  {Kohert).  [Those  drugs  which  excite  muscular  tissue  restore 
it  after  fatigue.  Kreatin  is  a  waste  ]irodnct  of  muscle,  and  beef-tea  and  Liebig's  extract  of 
meat  perhaps  owe  their  restorative  qualities  partly  to  these  extractives.] 

301.  THE  ELASTICITY  OF  MUSCLE.— Physical.— Every  elastic  body  has  its  "natural 
shape,"  i.e.,  its  shape  when  no  external  force  (tension  or  pressure)  acts  upon  it  so  as  to  distort 
it.  Thus,  the  passive  muscle  has  a  "natural  form."  If,  however,  a  muscle  be  extended 
in  the  course  of  its  fibres,  the  parts  of  the  muscle  are  evidently  pulled  asunder.  If  the 
stretching  be  carried  only  to  a  certain  degree,  the  muscle,  in  virtue  of  its  elasticity,  will  regain 
its  natural  form.  Such  a  body  is  said  to  possess  "complete  elasticity,"  i.e.,  after  being 
stretched  it  regains  exactly  its  original  shape.  By  the  term  "  amount  of  elasticity  "  {modulus) 
is  meant  the  weight  (expressed  in  kilogrammes)  necessary  to  extend  an  elastic  body  1  □  milli- 
metre in  diameter,  its  own  length,  without  the  bodj''  breaking.  Of  course  many  bodies  are 
ruptured  before  this  occurs.  For  a  passive  muscle  it  is  =0'2734  (  TVundt)  [that  of  bone  =  2264 
{Werthaim),  tendon  =  1-6693,  nerve=l-0905,  the  arterial  walls  =  0-0726  (JFundt)].  Thus,  the 
amount  of  elasticitj'  of  a  passive  muscle  is  small,  as  it  requires  only  a  slight  stretching  force  to 
extend  it  to  its  own  length.  It  has,  therefore,  no  great  amount  of  elasticity.  The  term 
"  coefficient  of  elasticity  "  is  applied  to  the  fraction  of  the  length  of  an  elastic  body,  to  which 
it  is  elongated  by  the  unit  of  weight  applied  to  stretch  it.  It  is  large  in  a  passive  muscle.  If 
the  tension  be  sufficiently  great,  the  elastic  body  ruptures  at  last.  The  "carrying  ca2)acity" 
of  muscular  tissue,  until  it  ruptures,  is  in  the  following  ratios  for  youth,  middle,  and  old  age, 
nearly  7:3:2.  [Instead  of  the  word  "  elasticity,"  Rrunton  suggests  the  use  of  extensibility 
and  retractibility,  terms  suggested  by  Marey,  the  one  referable  to  the  elongation  on  the  appli- 
cation of  a  weight,  and  the  other  to  the  shortening  after  its  removal.] 

Curve  of  Elasticity. — In  inorganic  elastic  bodies,  the  line  of  elongation,  or  the 
fxtension,  is  directly  j)ro2Mrtional  to  the  extending  weight ;  in  organic  bodies,  and 
therefore  in  muscle,  this  is  not  the  the  weight  is  continually  increased  by- 

equal  increments — the  muscle  is  less  extended  than  at  the  beginning,  so  that  the 
extension  is  not  jwoiwrtional  to  the  iveight.    If  equal  weights  be  added  to  a  scale- 


Fig.  340.  Fig.  341.  Fig.  342. 

Fig.  340.— Curve  of  elasticity  from  an  inorganic  body  (india-rubber).  Fig.  341.— Curve  of 
elasticity  from  the  sartorius  of  a  frog,  obtained  by  adding  equal  increments  of  weight  at 
A,  B,  C,  &c.  Fig.  342.— Curve  of  elasticity  produced  by  continuous  extension  and  recoil 
of  a  frogs  muscle  ;  0  x,  abscissa  before,  a'  after  extension. 

pan  attached  to  a  piece  of  india-rubber,  with  a  writing-lever  connected  with  it,  and 
writing  it.s  movements  on  a  plate  of  glass  that  can  be  moved  with  the  hand,  we 
get  such  a  curve  as  in  fig.  340,  while,  if  the  same  be  done  with  the  sartorius  of  a 
frog,  we  get  a  result  similar  to  fig.  341.  A  straight  line  joins  the  apices  of  the 
former,  while  the  curve  of  elasticity  is  a  hyperbola,  or  something  near  it,  in  the 
latter  case. 


492 


ELASTIC  AFTER-EFFECT. 


Elastic  After-Effect. — At  the  same  time,  after  the  first  elongation,  correspond- 
ing to  the  extending  weight,  is  reached,  the  muscle  may  remain  for  days,  and  even 
weeks,  somewhat  elongated.  This  is  called  the  '■^clastic  after-effext"  (§  65). 
[Marey  attached  a  lever  to  a  frog's  muscle,  and  allowed  the  latter  to  record  its 
movements  on  a  slowly  revolving  cylinder.  To  the  lever  was  fixed  a  vessel  into 
which  mercury  slowly  flowed.  This  extended  the  muscle,  and  when  it  had  ceased 
to  elongate,  the  mercury  was  allowed  slowly  to  run  out  again.  The  curve  obtained 
is  shown  in  fig.  342.  The  abscisste,  o  x  and  x,  indicate  the  position  of  the  writing- 
style  before  and  after  the  experiment,  and  we  observe  that  x  is  lower  than  o  so 
that  the  recoil  is  imperfect.  There  has  been  an  actual  elongation  of  the  muscle, 
so  that  the  limit  of  its  elasticity  is  exceeded.  Although  a  frog's  gastrocnemius 
may  be  loaded  with  1500  grammes  without  rupturing  it,  100  grammes  will  prevent 
its  regaining  its  original  length.] 

Method. — lu  order  to  test  the  elasticity  of  a  muscle,  fix  it  to  a  support  provided  with  a 
graduated  scale,  and  to  the  lower  end  of  the  muscle  attach  a  scale-pan,  in  which  are  placed 
various  weiglits,  measuring  on  each  occasion  the  corresponding  elongation  of  the  muscle  thereby 
obtained  {Ed.  Wchcr).  In  order  to  obtain  the  curve  of  elongation  or  extensibility  take  as 
abscisses  the  successive  units  of  weight  ndded,  and  the  elongation  corresponding  to  each  weight 
as  ordinates.    Example  from  the  hyoglossus  of  the  frog  :— 


Weight  in  Grammes. 


Length  of  the  Muscle 
in  Millimetres. 


0-  3 

1-  3 
•2-3 

3-  3 

4-  3 

5-  3 


24-9 
30-0 

32-  3 

33-  4 

34-  2 
34-6 


Extension. 


In  Millimeti-es. 


5-1 
2-3 
1-1 
0-8 
0-4 


Percentage. 


20 
7 
3 
2 
1 


The  elasticity  of  passive  muscle  is  small,  but  very  comjjlete,  and  is  comparable 
to  that  of  a  caoutchouc  fibre.  Small  weights  greatly  elongate  the  muscle.  If  the 
weights  be  uniformly  increased,  there  is  not  a  uniform  elongation ;  with  equal 
increments  of  weight,  the  greater  the  load,  the  increase  in  elongation  always 
becomes  less ;  or,  to  express  it  in  another  way,  the  amount  of  elasticity  of  the 
passive  muscle  increases  with  its  increased  extension  (Ed.  Weher). 

In  inorganic  bodies,  the  curve  of  extension  is  a  straight  line,  but  in  organic 
bodies,  it  more  closely  resembles  a  hyperbola  (Wertheim).  The  elasticity  of  a 
passive  fatigued  muscle  does  not  differ  essentially  from  that  of  a  non-fatigued 
muscle. 

Muscles  iu  the  living  body,  and  still  in  connection  with  their  nerves  and  blood-vessels,  are 
more  extensible  than  excised  ones.  Muscles,  when  quite  fresh,  are  elongated  (withm  certain 
small  limits  as  regards  the  weight)  at  first  with  a  uniformly  increasing  weight,  to  an  extent 
proportional  to  the  latter,  just  as  with  an  inorganic  body.  When  heavy  weights  are  used,  we 
must  be  careful  to  take  into  consideration  the  "elastic  after-effect"  (§  65).  _ 

The  volume  of  a  stretched  muscle  is  slightly  less  than  an  unstretched  one,  similar  to  the 
contracted  (§  297,  2)  and  stiffened  muscle  (§  295).  ■      i,  • 

Dead  muscles  and  muscles  in  rigor  mortis  have  greater  elasticity,  i.e.,  they  require  a  Ueavier 
weight  to  stretch  them  than  fresh  muscles ;  but,  on  the  other  hand,  the  elasticity  of  dead 
muscles  is  less  complete,  i.e.,  after  they  are  stretched,  they  only  recover  their  original  form 
within  certain  limits. 

Elasticity  of  Intact  Muscles.— Normally,  within  the  body,  the  muscles  are 
stretched  to  a  very  slight  extent,  as  can  be  shown  by  the  slight  degree  of  retraction 
which  occurs  when  the  insertion  of  a  muscle  is  divided.  This  slight  degree  of 
extension,  or  stretching,  is  important.  If  this  were  not  so,  when  a  muscle  is  about 
to  contract,  and  before  it  could  act  upon  a  bone  as  a  lever,  it  would  have  to  "  take 
in  so  much  slack."    The  elasticity  of  muscles  is  manifested  during  the  contraction 
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of  antagonistic  muscles.  The  position  of  a  passive  limb  depends  upon  the 
resultant  of  the  elastic  tension  of  the  different  muscle  groups. 

The  elasticity  of  an  active  muscle  is  less  than  that  of  a  passive  muscle,  i.e.,  it 
is  elongated  by  the  same  weight  to  a  greater  extent  than  a  passive  muscle.  For 
this  reason,  the  active  muscle,  as  can  be  shown  in  an  excised  contracted  muscle,  is 
softer ;  the  apparently  great  hardness  manifested  by  stretched  contracted  muscles 
depends  upon  their  tension.  When  the  active  muscle  becomes  fatigued,  its 
elasticity  is  diminished  (§  304). 

Method.— Ed.  Weber  took  the  hyoglossus  muscle  of  a  frog  and  suspended  it  vertically, 
noticing  its  length  when  it  was  passive.  It  was  then  tetanised  with  induction  shocks  and  its 
height  again  noted.  One  after  the  other  heavier  weights  were  attached  to  it,  and  the  length 
of  the  passive  and  tetanised  muscle  observed  for  each  weight.  The  extent  to  which  the  active 
loaded  muscle  shortened  from  the  position  of  the  jjassive  loaded  muscle  he  called  the  "  height 
of  the  lift"  (or  "  Hubhiihe  ").  The  latter  becomes  less  as  the  weight  increases,  and  lastly, 
the  tetanised  muscle  may  be  so  loaded  that  it  cannot  contract,  i.e.,  the  height  of  the  lift  is  =  0. 

Weber's  Paradox. — The  case  may  occur  Avhere,  when  a  muscle  is  so  loaded  that  it  cannot 
contract  when  it  is  stimulated,  it  may  even  elongate.  According  to  Wundt,  even  in  this 
condition  the  elasticity  is  not  changed.  [The  usual  explanation  given  is  that,  as  the  elasticity 
of  a  muscle  is  diminished  during  contraction,  it  is  more  extended  with  the  same  weight  in  the 
contracted  as  compared  with  the  passive  or  uncontracted  state,  so  that  a  heavily°weighted 
muscle,  when  stimulated,  may  elongate  instead  of  shorten.]  According  to  Wundt,  however 
as  stated,  there  is  no  change  in  the  elasticity  of  the  muscle.  In  these  experiments,  the  length 
of  the  active  loaded  muscle  is  equal  to  the  length  of  the  passive  muscle  when  similiarlv  loaded 
minus  the  ' '  height  of  the  lift. " 

Poisons.— Potash  causes  shortening  of  a  muscle  with  simultaneous  increase  of  its  elasticity, 
Digitalin  produces  other  changes  with  increased  elasticity.  Phvsostigmin  increases  it,  while 
veratrin  diminishes  it,  and  interferes  with  its  completeness  {Rosshach  and  v.  Anrc])),  and  tannin 
makes  a  muscle  less  extensible,  but  more  elastic  {Lewin).  Ligature  of  the  blood-vessels 
produces  at  first  a  decrease,  and  then  an  increase,  of  the  elasticity  ;  section  of  the  motor  nerve 
dimmishes  the  elasticity  {v.  Anrep)  ;  heat  increases  it. 

Eduard  Weber  concluded  from  his  experiments  that  a  muscle  assumes  two  forms,  the  active 
and  the  passive  form.  Each  of  these  corresponds  to  a  special  natural  form.  The  passive  muscle 
IS  longer  and  thinner— the  active  is  shorter  and  thicker  in  form.  The  passive  as  well  as  the 
active  muscle  strives  to  retain  its  form.  If  the  passive  muscle  be  set  into  activitv,  the  passive 
rapidly  changes  into  the  active  form,  in  virtue  of  its  elastic  force.  The  latter  'is  the  energy 
which  causes  muscular  work.  Schwann  compared  the  force  of  an  active  muscle  to  a  long 
elastic,  tense  spiral  spring.  Both  can  lift  the  greatest  weight,  only  from  that  form  in  which 
they  are  most  stretched.    The  more  they  shorten,  the  less  the  weight  which  they  can  lift. 

[Uses  of  Elasticity.— As  already  pointed  out,  all  muscles  are  slightly  on  the 
stretch,  so  that  no  time  is  lost  nor  energy  wasted,  in  « taking  in  slack,"  as  it  were- 
but  the  elasticity  also  lessens  the  shock  of  the  contraction,  so  that  it  is  developed 
gradually,  and  muscles  are  not  liable  to  be  torn  from  their  attachments  The 
muscular  energy  is  transmitted  to  the  mass  - to  be  moved  through  an  elastic  and 
easily  extensible  body  (muscle),  whereby  the  shock  due  to  the  contraction  is 
lessened  but,  as  Marey  has  shown,  the  amount  of  work  is  thereby  considerably 

ceiwfSof^W  ^^'f-^^fl-^'^^^^^^  •^''"tain  sensory  fibres  is 

is  felt^  sSrl^f  l  mflamed  muscles  IS  painful,  and  daring  muscular  cramp  intense  pain 

ne  ve  filament  t  .  ^ 'f^^^'^^T^.^y  stimulating  the  central  end  of  an  intra-mnscular 

bioidisirure'  KSf;  £t  TS)?;"'  °'  '^"^^'^^      ^^"-^^"^  ^^^-^^  '-^''^ 

^8?(?q^i  ^^''T*'"^  ?f  Muscle.-After  Bunzen,  in  1805 

iTrnvP^'  k.K  5  f  muscular  activity  heat  is  evolved,  v.  Helmholtz 

proved  that  an  exased  frog's  muscle,  when  tetanised  for  two  to  three  minutes 
LMT^^^^  temperature  of  0-14°  to  0-18°  C.    R.  Heidenhair; 
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heat  galvanometer.  Of  course,  when  the  two  muscles  are  at  the  same  temperature,  the  needle 
of  the  galvanometer  is  stationary  ;  but,  if  one  muscle  is  made  to  contract,  or  is  tetanised,  then 
an  electrical  current  is  set  up  which  dellects  the  needle  {§  208,  B).  Lujankow  has,  by  means  of 
a  delicate  thermometer  placed  between  the  thigli  muscles  of  a  dog,  estimated  the  rise  of  tempera- 
ture under  ditlereut  conditions  of  the  muscle,  while  tlie  latter  was  still  in  situ,  and  intact  ] 

The  following  facts  have  been  ascertained  with  regard  to  the  development  of 
heat : — 

1.  Relation  to  Work.— It  bears  a  relation  to  the  amount  of  work. 

(a)  If  a  muscle  during  contraction  carries  a  weight  which  extends  it  again  during 
rest,  no  v?ork  is  transferred  beyond  the  muscle  (§  300).  In  this  case  all  the 
chemical  potential  energy  during  this  movement  is  converted  into  heat.  Under 
these  circumstances,  the  amount  of  heat  evolved  runs  parallel  with  the  amount  of 
work  done,  i.e.,  it  increases  as  the  load  and  the  height  increase  up  to  a  maximum 
point,  and  afterwards  diminishes  as  the  load  is  increased.  The  heat-maximum 
is  reached  with  a  less  load  sooner  than  the  work-maximum  {Hevlmhain). 

(b)  If,  when  the  muscle  is  at  the  height  of  its  contraction,  the  load  he  removed, 
then  the  muscle  has  produced  work  referable  to  something  outside  itself ;  in  this 
case  the  amount  of  heat  produced  is  less  (^1.  Pick).  The  amount  of  work  produced, 
and  the  diminished  amount  of  heat  formed,  when  taken  together,  represent  the 
same  amount  of  energy,  corresponding  to  the  law  of  the  conservation  of  energy. 

(c)  If  the  same  amount  of  work  is  performed  in  one  case  by  many  but  small 
contractions,  and  in  another  by  fewer  but  larger  contractions,  then,  in  the  latter 
case,  the  amount  of  heat  is  greater  {Heidenhain  and  Nawalicldn).  This  shows  that 
larger  contractions  are  accompanied  by  a  relatively  greater  metabolism  of  the  mus- 
cular substance  than  small  contractions,  which  is  in  harmony  with  practical  experi- 
ence ;  thus  the  ascent  of  a  tower  with  steep  high  steps  causes  fatigue  more  rapidly 
(metabolism  greater)  than  the  ascent  of  a  more  gentle  slope  with  lower  steps. 

(d)  If  the  weighted  muscle  executes  a  series  of  contractions  one  after  the  other, 
and  at  the  same  time  does  work,  then  the  amount  of  heat  it  produces  is  greater  than 
when  it  is  tetanic,  and  keeps  a  weight  suspended.  Thus,  the  transition  of  the 
muscle  into  a  shortened  form  causes  a  greater  production  of  heat  than  the  mainten- 
ance of  this  form. 

2.  Relation  to  Tension.— The  amount  of  heat  evolved  depends  upon  the  te?mon 
of  the  muscle  ;  it  also  increases  as  the  muscular  tension  increases  {Heidenhain).  If 
the  ends  of  a  muscle  be  so  fixed  that  it  cannot  contract,  the  maximum  of  heat  is 
obtained  (Bedard),  and  this  the  more  quickly  the  more  rapidly  the  stimuh  follow 
each  other  (Fick).  Such  a  condition  occurs  during  tetanus,  m  which  condition  the 
violently  contracted  muscles  oppose  each  other,  and  very  high  temperatures  have 
been  registered  by  Wunderlich  (§  213,  7),  while  the  same  is  true  ot  animals  that 
are  tetanised  (Leydeyi).  Dogs  kept  in  a  state  of  tetanus  by  electrical  stimulation 
die,  because  their  temperature  rises  so  high  (44°  to  45°  C.)  that  life  no  longer  can 
be  maintained  (Richet).  In  addition  to  the  formation  of  heat  there  is  a  consider- 
able amount  of  acid,  and  of  alcoholic  extractives  produced  in  the  muscular  tissue. 

3  Relation  to  Stretching.— Heat  is  also  evolved  during  the  elomjaUon  or 
relaxation  of  a  contracted  muscle,  e.g.,  by  causing  a  muscle  to  contract  without  the 
addition  of  any  weight,  and  loading  it  when  it  begins  to  relax,  wherebj^  heat  is 
produced  (Steiner,  Schmideioitsch,  and  Westerman).  If  weights  be  attached  to  a 
muscle  by  means  of  an  inextensible  medium,  and  the  weights  be  allowed  to  tal 
from  a  height  so  as  to  give  a  jerk  to  the  muscle,  then  an  amount  of  heat  equivalent 
to  the  work  done  by  the  drop,  is  set  free  in  the  muscle  {Fick  and  Damlewsky). 

4  The  formation  of  heat  diminishes  as  the  muscular  fatigue  increases. 

5"  In  a  muscle  duly  supplied  with  blood,  the  production  of  heat  (as  well  as  the 
mechanical  work)  is  far  more  active  than  in  a  muscle  whose  blood-vessels  are 
licratured  or  its  blood-stream  cut  off.    Recovery  takes  place  more  rapidly  and  com- 
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pletely  after  fatigue,  while,  at  the  same  time,  there  is  a  neve  increase  in  the  produc- 
tion of  heat  {Meade  Smith). 

The  amount  of  work  and  heat  in  a  muscle  must  alwaj's  correspond  to  the  transformation  of 
an  equivalent  amount  of  chemical  energy.  A  greater  part  of  this  energy  is  manifested  as  work, 
the  greater  the  resistance  that  is  offered  to  the  muscular  contraction.  When  the  resistance  is 
great,  ^  of  the  chemical  energy  may  be  munifested  as  work,  but  when  it  is  small,  only  a  small 
part  of  it  is  so  converted. 

It  was  stated  that  a  nerve  in  action  is  C.  warmer  {Valmtin),  but  this  is  denied  by 
V.  Helmholtz  and  Heidenhain. 

In  nian,  if  the  muscles  be  stimulated  with  electricity  or  contracted  voluntarily,  the  produc- 
tion of  heat  may  be  detected  through  the  skin  (■;;.  Ziemsscn).  The  venous  blood  flowing  from 
an  actively  contracting  muscle  is  0'6°  C.  warmer  than  the  arterial  blood  {Meade  Smith). 

303.  THE  MUSCLE  SOUND.— Muscle  Sound.— When  a  muscle  contracts, 
and  is  at  the  same  time  kept  in  a  state  of  tension  by  the  application  of  suflicient 
resistance,  it  emits  a  distinct  sound  or  tone  with  a  semi-musical  quality,  depend- 
ing upon  the  intermittent  variations  of  tension  occurring  within  it  ( WoUaston). 

Methods. — The  muscle  sound  may  be  heard  by  placing  the  ear  over  the  tetanically  contracted 
and  tense  biceps  of  another  person  ;  or  we  may  insert  the  tips  of  our  index  fingers  into  our  ears, 
and  forcibly  contract  the  muscles  of  our  arm  ;  or  the  sound  of  the  muscles  that  close  the  jaw 
may  be  heard  by  forcibly  contracting  them,  especially  at  night  when  all  is  still,  and  when  the 
outer  ears  are  closed.  V.  Helmholtz  found  that  this  tone  coincides  with  the  resonance  tone  of 
the  ear,  and  he  thought  that  the  vibrations  of  the  muscles  caused  this  resonance  tone.  The 
sound  of  an  isolated  frog's  muscle  may  be  heard  by  placing  one  end  of  a  rod  in  the  ear,  the  other 
ear  being  closed.  To  the  other  end  of  the  rod  is  attached  a  loaded  frog's  muscle  kept  in  a  tetanic 
condition.  The  pitch  of  the  note,  i.e.,  the  number  of  vibrations,  may  be  estimated  by  com- 
paring the  muscle  sound  with  that  produced  by  elastic  springs  vibrating  at  a  kno^vn  rate. 

When  a  muscle  contracts  voluntarily,  i.e.,  through  the  will,  it  makes  19-5  vibra- 
tions per  second.  [Schafer  and  others  give  the  number  as  10  successive  nervous 
impulses  per  second,  p.  486.]  We  do  not  hear  this  very  low  tone,  owing  to  the  number 
of  vibrations  per  second  being  too  few,  but  what  we  actually  hear  is  the  first  over- 
tone, with  double  the  number  of  vibrations.  The  muscle  sound  has  19-5  vibrations, 
when  the  muscles  of  an  animal  are  caused  to  contract,  by  stimulating  its  sjoinal  cord 
(v.  Helmholtz),  and  also  when  the  motor  nerve-ti-unh  is  excited  by  chemical  means 
{Bernstein).  If,  however,  tetanlsing  induction  shocks  be  applied  to  a  muscle,  then 
the  number  of  vibrations  of  the  muscle  sound  corresponds  exactly  with  the  number 
of  vibrations  of  the  vibrating  spring  or  hammer  of  the  induction  apparatus.  Thus, 
the  tone  may  be  raised  or  lowered  by  altering  the  tension  of  the  spring. 

Loven  found  that  the  muscle  sound  was  loudest,  when  the  weakest  currents  capable  of  pro- 
ducmg  tetanus  were  employed.  The  sound  corresponded  to  the  number  of  vibrations  of  the 
octave  just  below  it  m  the  scale.  With  stronger  currents  the  muscle-sound  disappears,  but  it 
reappears  with  the  same  number  of  vibrations  as  that  of  the  interrupter  of  the  induction  ap- 
paratus, if  still  sti'onger  currents  are  used.  , 

If  the  induction  shocks  be  applied  to  the  nerve,  the  sound  is  not  so  loud,  but  it 
has  the  same  number  of  vibrations  as  the  interrupter.  With  rapid  induction 
shocks,  tones  caused  by  704  {Loven)  and  1000  vibrations  per  second  have  been 
produced  {Bernstein). 

The  first  heart-sound  is  partly  muscular  (§  53). 

bei^'Ss  iSSr  if\°lf  *°  '^f '       muscle-sound  in  a  contracting  muscle.    If  this 

oe  so,  It  is  cloubttul  if  the  muscle-sound  can  be  regarded  as  a  sign  that  tetanus  is  <1up  to  •> 
series  of  smgle  variations  of  the  muscle  (§  298,  III.)?  ^ 

304,  FATIGUE  AND  RECOVERY  OF  MUSCLE.-Fatiffue.-By  the  term 
atigue  IS  meant  that  condition  of  diminished  capacity  for  work  which  is  produced 
1^       >^  ^  prolonged  activity.    This  condition  is  accompanied  in  the  living 
person  with  a  peculiar  feeling  of  lassitude,  which  is  referred' to  the  muscles.  A 

onlv  tf  n".l?.hf  i»  a  living  animal,  but  an  excised  muscle  recovers 

only  to  a  slight  extent  {Ed.  Weber,  Valentin) 
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The  cause  of  fatigue  is  probably  partly  due  to  the  accumulation  of  decomposition- 
products — "  fatigue  stuffs  "—in  the  muscular  tissue,  these  products  being  formed 
within  the  muscle  itself  during  its  activity.  They  are  phosphoric  add,  either  free 
or  in  the  form  of  acid  phosphates,  acid  polassiu7)i  jihosphaie  (§  294),  glycerin- 
phosphoric  acid  (1)  and  CO,^.  If  these  substances  be  removed  from  a  muscle,  by 
passing  through  its  blood-vessels  an  indifferent  solution  of  common  salt  (0-6  per 
cent.),  or  a  weak  solution  of  sodium  carbonate  [or  a  dilute  solution  of  permanganate 
of  potash  (Kronecker)],  the  muscle  again  becomes  capable  of  energising  Eanlr, 
1863).  The  using  up  of  O  by  an  active  muscle  favours  fatigue  (v.  Pettmkofer  and 
V.  Voit).  The  transfusion  of  arterial  blood  (not  of  venous— Bichat)  removes  the 
fatigue  {Ranke,  Kronecker),  probably  by  replacing  the  substances  that  have  been 
used  up  in  the  muscle.  Conversely,  an  actively  energising  muscle  may  be  rapidly 
fatigued  by  injecting  into  its  blood-vessels  a  dilute  solution  of  phosphoric  acid,  of 
acid  potassium  phosphate,  or  dissolved  extract  of  meat  {Kemmerich).  A  muscle 
fatigued  in  this  way  absorbs  less  0,  and  when  so  fatigued,  it  evolves  only  a  small 
amount  of  acids  and  CO,.  The  conditions  which  lead  up  to  fatigue  are  connected 
with  considerable  metabolism  in  the  muscular  tissue. 

rZabludowski  found  that  if  a  frog's  muscles  be  systematically  stimulated  by  maximum  in- 
duction shocks  until  they  cease  to  contract,  massage  or  kneading  them  rapidly  restored  their 
excitability,  while  simple  vest  had  little  effect.  Massage  acts  on  the  nerves  but  chiefly  by 
favouriug  the  blood-  and  lymph-streams  which  wash  out  the  waste  products  from  the  muscle 
A  similar  result  obtains  iu  man,  so  that  the  ancient  Roman  practice  of  rubbing  after  a  bath 
and  after  exercise  was  one  conducive  to  restoration  of  the  power  ot  the  muscles.  J 

Modifying  Conditions.— In  order  to  obtain  the  same  amount  of  work  from  a 
fatigued  muscle,  a  much  more  powerful  stimulus  must  be  applied  to  it  than  to  a 
fresh  one  A  fatigued  muscle  is  incapable  of  lifting  a  considerable  load,  so  that 
its  absolute  muscular  force  is  diminished.  If,  during  the  course  of  an  experinient 
an  excised  muscle  be  loaded  with  the  same  weight,  and  if  the  muscle  be  stimulated 
at  ret^ular  intervals  with  maximal  stimuli  (strong  induction  shocks),  contraction 
after'^contraction  gradually  and  regularly  diminishes  in  height,  the  decrease  being  a 
constant  fraction  of  the  total  shortening.  Thus  the  fatigue-curve  is  represented  by  a 
straight  line  [i.e.,  a  straight  line  will  touch  the  apices  of  all  the  contractions].  The 
more  rapidly  the  contractions  succeed  each  other,  the  greater  is  the  fall  m  the  height 
of  the  contraction  [i.e.,  if  the  interval  between  the  contractions  be  short,  the  fatigue- 
curve  falls  rapidly  towards  the  abscissa],  and  conversely.  After  a  certain  number 
of  contractions,  an  excised  muscle  becomes  exhausted.  ,       •  i 

This  result  occurs  whether  the  stimuli  are  applied  at  short  or  long  intervals 
(Kronecker),  and  a  similar  result  is  obtained  with  sub-maximal  stimuh  (Tiegel)^ 
A  fatigued  muscle  contracts  more  slowly  than  a  fresh  one,  while  the  latent  period 
,  is  also  longer  during  fatigue  (p.  480).  The  fatigued  muscle  said  to  be  more 
extensible  {Danders  cmd  van  Mansvelt).  If  a  muscle  be  so  loaded  tha  ,  ^vhen  it 
contracts,  it  cannot  lift  the  load,  fatigue  occurs  even  to  a  greater  extent  than  when 
the  load  is  such  that  the  muscle  can  lift  it  {Leber).  The  metabolism  and  the  forma- 
tion  of  acid  are  greater  in  a  contracted  muscle  kept  on  the  stretch,  than  in  a  con- 
tracted muscle  allowed  to  shorten  {Eeidenha^n).  If  a  muscle  contract,  but  be  not 
required  to  lift  any  load,  it  becomes  fatigued  only  very  gradually.  If  a  mu.cle  be 
loaded  only  during  contraction,  and  not  during  relaxation,  it  is  fatigued  moie 
sbw?y  than^whenltis  loaded  during  both  phases;  and  the  same  is  true  when 
a  muscle  has  to  lift  its  load  only  during  the  course  of  its  ^o'^^J^'f  f  Jj,- 

the  beginning  of  the  contraction.  Loads  may  be  suspended  to  perfectly  passive 
mimoles  without  fatiguing  them  (//aWess,  Le6e7'). 

rSi?ns  Of  Fatiguf  (fi^.  343).-In  the  record  of  the  series  of  contmctions ;  1 ) 
thi  cltractio^^^^  more  prolonged;  (2)  they  decrease  in  height;  (3  he 

latent  p  rLd  becomes  longer ;  (4  if  maximal  shocks  be  used,  the  beginning  of  the 
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series  exhibits  a  "  staircase "  character  of  its  contractions  just  like  the  heart 
(§  57).] 

[While  an  excised  frog's  muscle  is  fairly  ra]iidly  exhausted  by  single  opening  induction 
shocks,  at  intervals  of  one  second,  human  ninscle  in  its  normal  relations  may  be  almost  in- 
definitely so  treated,  and  there  is  no  change 
in  the  record  or  any  sensation  of  fatigue. 
Waller  regards  this  as  favouring  the  view 
that  the  "fatigue  consequent  upon  pro- 
longed muscular  exertion  is  normally  cen- 
tral rather  than  poripheraL"  Such  results, 
liowever,  do  not  harmonise  -with  those  of 
Zabludowski  on  the  kneading  of  muscles,  or 
massage.  Probably  there  are  two  factors, 
one  central,  the  other  peripheral.] 

Blood  Supply. — If  the  arteries  of  a  mam- 
mal be  ligatured,  stimulation  of  the  motor  Fig.  343, 
nerves  produces  complete  fatigue  after  120  Fatigue-curve  of  a  frog's  muscle.    The  sciatic  nerve 
to  240  contractions  (in  two  to  four  minutes),     was  stimulated  with  maximal  induction  shocks 
but  direct  muscular  stimulation  still  causes     and  every  fifteenth  contraction  recorded  {Slir- 
the  muscles  to  contract.    In  both  cases  the  ling). 
fatigue-curve  is  in  the  form  of  a  straight 

line.  If  the  blood  supply  to  a  mammalian  muscle  be  normal,  on  stimulating  the  motor 
nerve,  the  muscular  contractions  at  first  increase  in  height  and  then  fall,  their  apices  forming 
a  straight  line  {Rosshach  and  Hartcneck).  In  persons  who  have  used  their  muscles  until  fatigue 
sets  iu,  it  is  found  that  at  the  beginning  the  nerves  and  muscles  react  better  to 'galvanic  and 
faradic  stimulation,  but  afterwards  always  to  a  less  degree  {Orschanski).  According  to  v.  Kries, 
a  muscle  tetanised  and  fatigued  with  maximal  stimuli  behaves  like  a  fresli  muscle  tetanised 
with  sub-maximal  stimuli ;  both  show  an  incomplete  transition  from  the  passive  to  the  active 
condition. 

[Eelation  of  End-Plates. — Muscle  is  fatigued  far  more  rapidly  than  nerve,  and  the  fatigTie 
begins  in  the  muscle  and  not  in  the  nerve,  and  it  seems  to  be  the  weakest  link  in  the  chain 
between  nerve  and  muscle  which  is  affected  during  excessive  action,  viz.,  the  motor  end-plate 
( IVallcr).  In  a  nerve  its  conductivity  is  sooner  affected  by  fatigue  than  its  direct  excitabilit}'. 
Waller  finds  that  after  death  "  the  excitability  of  a  nerve  persists  when  its  action  upon  muscle 
has  ceased,  such  muscle  being  still  excitable  by  direct  stimulation."  Some  link  in  the  chain  is 
obviously  affected,  and  it  is  perhaps  the  end-plates.  ] 

[Action  of  Drugs  on  Fatigue. — Waller  finds,  in  a  frog  poisoned  with  veratrin,  that  if  the 
muscles  be  stimulated  electrically,  the  characteristic  elongation  of  the  descent  (§  298)  gradually 
disappears,  but  reappears 
after  a  period  of  rest.  In 
this  respect,  strychnin  in 
its  action  on  the  spinal 
cord  behaves  precisely 
the  same  as  veratrin  on 
muscle,  viz.,  its  effect  is 
dissipated  by  action  and 
restored  by  rest.]  Curara 
and  the  ptomaines  cause 
an  irregular  course  of  the 
fatigue-curve  {Guarcschi 
and  AIosso).   [If strychnin  344. 

be  injected  into  a  frog.  Curves  obtained  by  direct  stimulation  of  the  gastrocnemius  of  a  frog 
and  the  sciatic  nerve  on  poisoned  with  strychnin,  the  sciatic  nerve  divided  on  one  side  (upper 
one  side  divided  after  the  curve)  and  not  on  the  other  (lower  or  fatigue-curve), 
strychnin  tetanus  has  lasted  for  a  time,  the  leg  muscles  of  the  side  with  the  nerve  undivided 
extnbit  signs  of  fatigue,  as  shown  by  direct  stimulation  of  the  muscles  of  both  leo-s,  when  a 
curve  similar  to  fig.  344  is  obtained.  The  higher  one  is  the  non-fatigued,  the  lower  that  of  the 
side  with  the  nerve  undivided  (J-P^a^Zfjj-)-] 

Recovery  from  the  condition  of  fatigue  is  promoted  by  passing  a  conMant  electrical 
current  through  the  entire  length  of  the  muscle  {Ileidenhaml  also  by  injecting 
fresh  arterial  blood  into  its  blood-vessel,  or  by  very  small  doses  of  veratrin,  \or 
permanganate  of  potash],  and  by  rest. 

oomnw!  ft^t-^*^'^  °^  '"i*^*^*  ^'""'^^  stimulated  continuously  (fourtee;i  days  or  so),  until 
complete  fatigue  occurs,  the  muscular  fibres  become  granular  and  exhibit  a  wax-like  degenci": 

2  I 
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tiou.  The  transverse  striatiou  is  still  visible  as  long  as  the  sarcous  substance  is  in  large  masses, 
but  as  soon  as  it  breaks  up  into  sniall  pieces  the  transverse  striation  disappears  completely 
(0.  Moth). 

305.  MECHANISM  OF  THE  BONES  AND  JOINTS.— Bones  exhibit  in  tlie 
inner  architecture  of  their  spongiosa  an  arrangement  of  their  lamellae  and  spicules 
which  represents  the  static  result  of  those  forces — pressure  and  traction — which  act 
on  the  developing  bone  (Structure  of  Bone,  §  447).  They  are  so  arranged  that, 
with  the  minimum  of  material,  they  afford  the  greatest  resistance  as  a  supporting 
structure  or  framework  (H.  v.  Meyer,  CuLmann,  Jul.  Wolff). 

I.  The  joints  permit  the  freest  movements  of  one  bone  upon  another,  [such  as  exist  between 
the  extremities  of  the  bones  of  the  limbs.  In  other  cases,  sutures  are  formed,  which,  while 
permitting  no  movement,  allow  the  contents  of  the  cavity  which  they  surround  to  enlarge,  as 
in  the  case  of  the  craniuni].  The  articular  end  of  a  fresh  bone  is  covered  with  a  thin  layer  or 
plate  of  hyaline  cartilage,  which  in  virtue  of  its  elasticity  moderates  any  shocks  or  impulses 
communicated  to  the  bones.  The  surface  of  the  articular  cartilage  is  perfectly  smooth,  and 
facilitates  an  easy  gliding  movement  of  the  one  surface  upon  the  other.  At  the  outer  boundary 
line  of  the  cartilage,  there  is  fixed  the  capsule  of  the  joint,  which  encloses  the  articular  ends  of 
the  bones  like  a  sac.  The  inner  surface  of  the  capsule  is  lined  by  a  synovial  membrane,  which 
secretes  the  sticky,  semi-fluid,  synovia,  moistening  the  joint.  The  outer  surface  of  the  caijsule 
is  provided  at  various  parts  with  bands  of  fibrous  tissue,  some  ot  which  strengthen  it,  whilst 
others  restrain  or  limit  the  movement  of  the  joint.    Some  osseous  processes  limit  the  movements 

of  particular  joints,  e.g.,  the  coronoid  process  of  tne  ulna,  which 
permits  the  fore-arm  to  be  flexed  ou  the  upper  arm  only  to  a 
certain  extent  ;  the  olecranon,  which  prevents  over-extension 
at  the  elbow-joint.  The  joint  surfaces  are  kept  in  apposition 
—(I)  hy  tlie  adhesion  of  the  synovia-covered  smooth  articular 
surface  ;  (2)  by  the  capsule  and  its  fibrous  bands  ;  and  (3)  by 
the  elastic  tension  and  contraction  of  the  muscles. 

[Structure  of  Articular  Cartilage.  — The  thin  layer  of  hyaline 
Hyaline  encrusting  cartilage  is  fixed  by  an  irregular  surlace  upon  the 
curtilage,  corresponding  surface  of  the  head  of  the  bone  (fig.  345).  In  a 
vertical  section  through  the  articular  cartilage  of  a  bone  which 
has-been  softened  in  chromic  or  other  suitable  acid,  we  obsci-ve 
that  the  cartilage  cells  are  flattened  near  the  free  surface  of  the 
cartUage,  and  their  long  axes  are  parallel  to  the  surface  of  the 
joint.;  lower  down,  the  cells  are  arranged  in  irregular  groups, 
and  farther  down  still,  nearer  the  bone,  in  columns  or  rows, 
whose  long  axis  is  in  the  long  axis  of  the  bone.  These  rows 
are  produced  by  transverse  cleavage  of  pre-existing  cells.  In 
the  upper  two-thirds  or  thereby  the  matrix  of  the  cartilage  is 
hyaline,  but  in  the  lower  third,  near  the  bone,  the  matrix  is 
gjanufer  and  sometimes  fibrillated.  This  is  the  calcified  zone, 
which  is  impregnated  with  lime  salts,  and  sharply  defined  by 
a  nearly  straight  line  from  the  hyaline  zone  above  it,  and  by  a 
very  bold  luavy  lino  from  the  osseous  head  of  the  bone.] 

Synovial  Membrane. — Synovial  membrane  consists  of  bundles 
of  delicate  connective-tissue  mixed  with  elastic  tissue,  while  on 
its  inner  surface  it  is  provided  with  folds,  some  of  which  con- 
tain fat,  and  others  blood-vessels  (synovial  villi).    The  inner 
surface  is  lined  with  endothelium.    The  intra-capsular  liga- 
ments and  cartilages  are  not  covered  by  the  synovial  membrane, 
nor  are  they  covered  Ijy  endothelium.    The  synovia  is  a  colouj- 
less,  stringy,  alkaline  fluid,  wth  a  chemical  composition  closely 
js  with  this  difference,  that  it  contains  much  mucin,  together  with 
albumin  and  traces  of  fat.    Excessive  movement  diminishes  its  amount,  makes  it  more  inspis- 
sated, and  increases  the  mucin,  but  diminishes  the  salts. 

Joints  may  be  divided  into  several  classes,  according  to  the  kind  of  movement 

which  they  permit : —  t  •  *  rn, 

1.  Joints  with  viovevient  arouiiH  one  axis:  {a)  The  Ginglymus,  or  Hinge- Joint. -The  one 
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The  Screw-hinge  Joint  is  a  modification  of  the  simple  hinge  form  {Langcr,  Henke),  e.g.,  the 
humero-uliiar  articulation.  Strictly  speaking,  simple  fle.xiou  and  extension  do  not  take  place 
at  the  elbow-joint,  but  the  ulna  moves  on  the  capitellum  of  the  humerus  like  a  nut  on  a  bolt; 
in  the  right  humerua,  the  screw  is  a  right  spiral,  in  the  left,  a  left  spiral.  _  The  ankle-joint  is 
another  example  ;  the  nut  or  female  screw  is  the  tibial  surface,  the  riglit  joint  is  like  a  left- 
handed  screw,  the  left  the  reverse.  (6)  The  Pivot-Joint  (rotatoria),  with  a  cylindrical  surface, 
e.g.,  the  joint  between  the  atlas  and  the  axis,  the  axis  of  rotation  being  around  the  odontoid 
process  of  the  axis.  In  the  acts  of  pronation  and  supination  of  the  fore-arm  at  the  elbow- 
joiut,  the  axis  of  rotation  is  from  the  middle  of  the  cotyloid  cavity  of  the  head  of  the  radius 
to  the  styloid  process  of  the  ulna.  The  other  joints  which  assist  in  these  movements  are  above 
the  joint^  between  the  circumferential  part  of  the  head  of  the  radius  and  the  sigmoid  cavity  of 
the  ulna,  and  hclow  the  joint,  between  the  sigmoid  cavity  of  the  radius  which  moves  over  the 
rounded  lower  end  of  the  ulna. 

2.  Joints  with  movements  around  two  axes. — {a)  Such  joints  have  two  unequally  curved 
surfaces  which  intersect  each  other,  but  which  lie  in  the  same  direction,  e.g.,  the  atlanto- 
occipital  joint,  or  the  wrist-joint,  at  which  lateral  movements,  as  well  as  flexion  and  extension, 
take  place.  (6)  Joints  with  curved  surfaces,  which  intersect  each  other,  but  which  do  not  lie 
in  the  same  direction.  To  this  group  belong  the  saddle-shaped  articulations,  whose  surface  is 
concave  in  one  direction,  but  convex  in  the  other,  e.g.,  the  joint  between  the  metacarpal  bone 
of  the  thumb  and  the  trapezium.  The  chief  movements  are — (1)  flexion  and  extension,  (2) 
abduction  and  adduction.  Further,  to  a  limited  degree,  movement  is  possible  in  all  other 
directions  ;  and,  lastly,  a  pyramidal  movement  can  be  described  by  the  thumb. 

3.  Joints  with  movement  on  a  spiral  articular  surface  {spiral  joints),  e.g.,  the  knee-joint 
{Goodsir).  The  condyle  of  the  femur,  curved  from  before  baclcwards,  in  the  antero-posterior 
section  of  its  articular  surface,  represents  a  spiral  [Ed.  Weher),  whose  centre  lies  nearer  the 
posterior  part  of  the  condyle,  and  whose  radius  vector  increases  from  behind,  downwards  and 
forwards.  Flexion  and  extension  are  the  chief  movements.  The  strong  lateral  ligaments  arise 
from  the  condyles  of  the  femur  corresponding  to  the  centre  of  the  spiral,  and  are  inserted  iiito  the 
head  of  the  fibula  and  internal  condyle  of  the  tibia.  When  the  knee-joint  is  strongly  flexed, 
the  lateral  ligaments  are  relaxed — they  become  tense  as  the  extension  increases  ;  and  when  the 
knee-joint  is  fully  extended,  they  act  quite  like  tense  bands  which  secure  the  lateral  fixation  of 
the  joint.  Corresponding  to  the  spiral  form  of  the  articular  surface,  flexion  and  extension  do  not 
take  place  around  one  axis,  but  the  axis  moves  continually  with  the  point  of  contact ;  the  axis 
moves  also  in  a  spiral  direction.  The  greatest  flexion  and  extension  cover  an  angle  of  about 
145°.  The  anterior  crucial  ligament  is  more  tense  during  extension,  and  acts  as  a  check  liga- 
ment for  too  great  extension,  while  the  posterior  is  more  tense  during  flexion,  and  is  a  check 
ligament  for  too  great  flexion.  The  movements  of  extension  and  flexion  at  the  knee  are  further 
complicated  by  the  fact  that  the  joint  has  a  screw-like  movement,  in  that  during  the  greater 
extension  the  leg  moves  outwards.  Hence,  the  thigh,  when  the  leg  is  fixed,  must  be  rotated 
outwards  during  flexion.  Pronation  and  supination  take  place  during  the  greatest  flexion  to 
the  extent  of  41°  {Albert)  at  the  knee-joint,  while  with  the  greatest  extension  it  is  nil.  It 
occurs  because  the  external  condyle  of  the  tibia  rotates  on  the  internal.  In  all  positions  during 
flex  ion,  the  crucial  ligaments  are  fairly  and  uniformly  tense,  whereby  the  articular  surfaces  are 
against  each  other.  Owing  to  their  arrangement,  during  increasing  tension  of  the  anterior 
ligament  (extension),  the  condyles  of  the  femur  must  roll  more  on  to  the  anterior  jDart  of  the 
articular  surface  of  the  tibia,  while  by  increasing  tension  of  the  posterior  ligament  (flexion),  they 
must  pass  more  backwards. 

4.  Joints  tuith  (he  axis  of  rotation  round  one  fixed  point. — These  are  the  freely  movable 
arthrodial  joints.  The  movements  can  take  place  around  innumerable  axes,  which  all  inter- 
sect each  other  in  the  centre  of  rotation.  One  articular  surface  is  nearly  spherical,  the  other  is 
cup-shaped.  The  shoulder-  and  hip-joints  are  typical  "ball-and-socket-joints."  We  may 
represent  the  movements  as  taking  place  around  three  axes,  intersecting  each  other  at  riglit 
angles.  The  movements  which  can  be  performed  at  these  joints  may  be  grouped  as  : — (1) 
pendulum-like  movements  in  any  plane,  (2)  rotation  round  the  long  axis  of  the  limb,  and  (3) 
cu-cumscribing  movements  [circumduction],  such  as  are  made  round  the  circumference  of  a 
sphere  ;  the  centre  is  in  the  point  of  rotation  of  the  joint,  while  the  circumference  is  described 
by  the  limb  itself. 

Limited  arthrodial  joints  are  ball  joints  with  limited  movements,  and  where  rotation  on  the 
long  axis  is  wanting,  e.g.,  the  metacarpo-phalangeal  joints. 

5  Eigid  joints  or  amphiarthroses  are  characterised  by  the  fact  that  movement  may  occur  in 
ail  directions,  but  only  to  a  very  limited  extent,  in  consequence  of  the  tough  and  unyielding 
external  ligaments.  Both  articular  surfaces  are  usually  about  the  same  size,  and  are  nearly 
plane  surfaces,  e.g.,  the  articulations  of  the  carpal  and  the  tarsal  bones 

II.  Symphyses,  synchondroses,  and  syndesmoses  unite  bones  without  the  formation  of  a 
proper  articular  cavity,  are  movable  in  all  directions,  but  only  to  the  slightest  extent.  Physio- 
logically they  are  closely  related  to  amphiarthrodial  joints. 

ni.  Sutures  unite  bones  without  permitting  any  movement.    The  physiological  importance 
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of  the  suture  is  that  the  bones  can  still  rvow  at  their  edges,  which  thus  renders  possible  the 
aistonsiou  of  the  cavity  eiielosea  Ly  the  bones  {Ilcrm.  v.  Meyer). 

306  ARRANGEMENT  AND  USES  OF  MUSCLES.— The  muscles  form  45 
per  cent  of  the  total  mass  of  the  body,  those  of  the  right  side  being  heavier  than 
those  on  the  left.  Muscles  may  be  arranged  in  the  following  groups,  as  far  as  their 
mechanical  actions  are  concerned  : — 

A  Muscles  without  a  definite  origin  and  insertion  :—  •  • 

1   The  hollow  muscles  surrounding  globular,  oval,  or  irregular  cavities,  such 
as  tiie  urinary  bladder,  gall-bladder,  uterus,  and  heart;  or  the  walls^of  more  or  less 
cylindrical  canals  (intestinal  tract,  muscular  gland  ducts,  ureters,  lallopian  tubes, 
vasa  deferentia,  blood-vessels,  lymphatics).    In  all  these  cases  the  muscular  fibres 
are  arranged  in  several  layers,  e.  g.,  in  a  longitudinal  and  a  circu  ar  layer,  and  some- 
times also  in  an  oblique  layer.    All  these  layers  act  together  and  thus  diminish  the 
cavity.     It  is  inadmissible  to  ascribe  different  mechanical  effects  to  the  different 
layers,  e.g.,  that  the  circular  fibres  of  the  intestine  narrow  it,  while  the  longitudinal 
dilate  it.    Both  sets  of  fibres  rather  seem  to  act  simultaneously,  and  dimmish  the 
cavity  by  making  it  narrower  and  shorter  at  the  same  time.    The  only  case  where 
musculaJ  fibres  may  act  in  partially  dilating  the  cavity  is  when,  owmg  to  pressure 
from  without,  or  from  partial  contraction  of  some  fibres,  a  fold,  projecting  into  the 
lumen,  has  b^en  formed.    When  the  fibres,  necessarily  stretching  across  the  dep  es- 
sion  thereby  produced,  contract,  they  must  tend  to  undo  it,  ^.e.,  enlarge  the  cavity 
The  variouJ  layers  are  all  innervated  from  the  same  motor  source,  which  supports 

opening  or  a  short  canal,  and  by  their  action 

they  either  constrict  or  close  it,  e.g.,  sphincter  pupilte,  palpebrarum,  oris,  pylon. 

ani,  cunni,  urethrse. 

B.  Muscles  with  a  definite  origin  and  insertion :-- 

1  The  origin  is  completely  fixed  when  the  muscle  is  m  act  on.  The  course 
of  the  muscular  fibres,  as  they  pass  to  where  they  are  inserted,  permits  of  the 
insertio^  being  approximated  in  a  straight  line  towards  their  origin  durmg  con- 
trac  r  .  g ,  the  attolens,  attrahens,  and  retrahentes  of  the  outer  ear,  and  the 
homboidef  Some  of  these  muscles  are  inserted  into  soft  parts  which  necessarily 
must  foUow  the  line  of  traction,  e.g.,  the  azygos  -^^'^^  ^^^'^^^'^^^^^^^ 
most  of  the  muscles  which  arise  from  bone  and  are  inserted  into  the  skin,  such  as 
the  muscles  of  the  face,  styloglossus,  stylopharyngeus,  A:c. 

9  Both  Origin  and  Insertion  movable.-In  this  case  the  movements  of  both 
points  are  "nvfrsely  as  the  resistance  to  be  overcome.    The  resistance  xs  of  en 

^rsl^,t-  :s  e«  rzr^^^-^:^^ 

'"Ttg^a^v  Course.-Many  muscles  having  a  fixed  origin  f  jert^^^^^^^^^ 
their  strLht  course;  either  their  fibres  or  their  tendons  may  he  bent  out  of  the 
fra  ght  course.    Sometimes  the  curving  is  slight,  as  in  the  of  ^P^t^-^/^^^^  ^^"^ 
fvaSr  palpebr.^  superioris,  or  the  tendon  may  form  ""i'^/.^'^^^jf^^^^^ 
process  whereby  the  muscular  traction  acts  in  quite  a  d^ff?'-f  ^d^-^^^^^^.^^-^^-  "tJ^ 
Se  muscle  acte'd  directly  from  this  process  upon  its  ^l^--  ^^^^jfj 

obliquus  oculi  superior,  tensor  tympani,  tensor  veil  P'^^^^^^;,' ^^/"f  "^.^^nes  as^^^^ 

In  such  a  case,  the  rapidUij  of  the  movement  at  ihe  end  of  the  lever 


support,  e.g 
the  fulcrum 
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is  greatly  increased,  but  force  is  lost  [i.e.,  what  is  gained  in  rapidity  is  lost  in 
power].  This  arrangement  has  this  advantage,  tliat,  owing  to  the  slight  contraction 
of  the  muscle  little  energy  is  evolved,  which  would  be  the  case  had  the  muscular 
contraction  been  more  considerable  (§  300,  I.,  3).  (b)  The  muscles  act  upon  the 
bones  as  upon  a  lever  with  two  arms,  in  which  case  the  power  (insertion  of  the 
muscle)  lies  on  the  other  side  of  the  fulcrum  opposite  to  the  weight,  e.r/.,  the 
triceps  and  muscles  of  the  calf.  In  both  cases,  the  muscular  force  necessary  to 
overcome  the  resistance  is  estimated  by  the  principles  of  the  lever  :  equilibrium  is 
established  when  the  static  moments  (  =  product  of  the  power  in  its  vertical 
distance  from  the  fulcrum)  are  equal ;  or  when  the  power  and  weight  are  inversely 
proportional,  as  their  vertical  distance  from  the  fulcrum. 

[The  Bony  Lever. — All  the  three  orders  of  levers  are  met  with  in  the  body.  Indeed,  in  the 
elbow-joint  all  the  three  orders  are  represented.  The  annexed  scheme  shows  the  relative  po.si- 
tions  of  P,  W,  and  F  (lig.  346).  The  tirst  order  represented  by  such  a  movement  as  noddiug  the 
head,  the  second  by  raising  the  body  on  the  tiptoes  by  the  muscles 
of  the  calf,  and  the  third  by  the  action  of  the  biceps  in  raising  the 
fore-arm.  At  the  elbow-joint,  tlie  first  order  is  illustrated  by  ex- 
tending tlie  flexed  fore-arm  on  the  upper  arm,  as  in  striking  a  blow 
on  the  table,  where  the  triceps  attached  to  the  olecranon  is  the 
power,  the  trochlea  the  fulcrum,  and  the  hand  the  weight.  If  the 
hand  rest  on  the  table  and  the  body  be  raised  on  it,  then  the  hand 
is  the  fulcrum,  while  the  triceps  is  the  power  raising  the  humerus 
and  the  parts  resting  ou  it  (W).  The  third  order  has  already  been 
referred  to,  e.g.,  flexing  the  fore-arm.] 

Direction  of  Action. — It  is  most  important  to  observe  the  direc- 
tion in  which  the  muscular  force  and  weight  act  upon  the  lever-arm. 
Thus,  the  direction  may  be  vertical  to  the  lever  in  one  position,  while  after  flexion  it  may  act 
obliquely  upon  the  lever.  The  static  moment  of  a  power  actiug  ohliqucly  on  the  lever-arm  is 
obtained  by  multiplying  the  power  with  the  power  acting  in  a  direction  vertical  to  the  point 
of  rotation. 

Examples  : — In  fig.  347,  I. ,  E  a;  represents  the  humerus,  and  x  Z  the  radius;  A  y,  the  dnec- 
tion  of  the  traction  of  the  biceps.  If  the  biceps  acts  at  a  right  angle  only,  as  by  lifting 
horizontally  a  weight  (P)  lying  on  the  fore-arm  or  in  the  hand,  then  the  power  of  the  biceps 
(=  A)  is  obtained  from  the  formula,  K  y  x  =  Y  x  Z,  i.e.,  K  =  {V     7j)  :  y  x.    It  is  evident 
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Fig.  346. 
The  three  orders  of  levers. 


Fig.  347. 

Scheme  of  the  action  of  the  muscles  on  bones. 

that  when  the  radius  is  depressed  to  the  position  x  C,  the  result  is  diff'erent ;  then  the  force  of 
the  biceps  =  Ai  =  (P^  i;  aj)  :  ox.  In  fig.  347,  II.,  TF  is  the  tibia,  F,  the  ankle-joint,  MC, 
tue  loot  in  a  horizontal  position.  The  power  of  the  muscles  of  the  calf  (  =  a)  necessary 
to  equalise  a  force,  _p,  directed  from  below  against  the  anterior  part  of  the  foot,  would  be 
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«  =  (;b  M  F)  :  F  C.  If  tho  foot  be  altered  to  the  position  R  S,  tlie  force  of  the  muscles  of 
the  calf  would  then  bo      =  {p,,  IM  F)  :  F  C. 

In  muscles  also,  which,  like  the  coraco-brachialis,  are  stretched  over  the  angle  of 
a  hinge,  the  same  result  obtains. 

In  fif'.  347,  III.,  H  E  is  the  huuicvus,  E,  the  elbow-joint,  E  R,  the  radius,  B  R,  the  coraco- 
hnichiaiis.  Its  moment  in  this  jiosition  is  =  A,  a  E.  When  the  radius  is  raised  to  E  R,, 
then  it  is  =  A,  «  E.  We  must  notice,  however,  that  B  Ri  <  B  R.  Hence,  the  absolute 
musculnr  force  must  be  less  in  the  Hexed  position,  because  every  muscle,  as  it  becomes  shorter, 
lifts  less  weight.    What  is  lost  in  power  is  gained  by  the  elongation  of  the  lever-arm. 

5.  Many  muscles  have  a  double  action ;  when  contracted  in  the  ordinary  way 
they  e.xecute  a  combined  movement,  t.//.,  the  biceps  is  a  flexor  and  supinator  of 
the  fore-arm.  If  one  of  these  movements  be  prevented  by  the  action  of  other 
muscles,  the  muscle  takes  no  part  in  the  execution  of  the  other  movement. 

If  the  fore-arm  be  strongly  pronated  and  flexed  in  this  position,  the  biceps  takes  no  part 
therein  ;  or,  when  the  elbow-joint  is  rigidly  supinated,  only  the  supinator  brevis  acts,  not  the 
biceps.  The  muscles  of  mastication  are  another  example.  The  masseter  elevates  the  lower  jaw, 
and  at  tho  same  time  pulls  it  forward.  If  the  depressed  jaw,  however,  be  strongly  pulled  back- 
wards when  the  jaw  is  raised,  the  masseter  is  not  concerned.  The  temporal  muscle  raises  the 
jaw,  and  at  the  same  time  pulls  it  backwards.  If  tlie  depressed  jaw  be  raised  after  being  pushed 
forward,  then  the  temporal  is  not  concerned  in  its  elevation. 

6.  Muscles  acting  on  two  or  more  joints  are  those  which,  in  their  course  from 
their  origin  to  their  insertion,  pass  over  two  or  more  joints.    Either  the  tendons 
may  deviate  from  a  straight  course,  e.g.,  the  extensors  and  flexors  of  the  fingers 
and  toes,  as  when  the  latter  are  flexed ;  or  the  direction  is  always  straight,  e.cf.,  the 
gastrocnemius.    The  muscles  of  this  group  present  the  following  points  of  interest- 
fa)  The  phenomenon  of  so-called  "  active  insufficiency."    If  the  position  of  the 
ioints  over  which  the  muscle  passes  be  so  altered  that  its  origin  and  insertion 
come  too  near  each  other,  the  muscle  may  require  to  contract  so  much  before 
it  can  act  on  the  bones  attached  to  it,  that  it  cannot  contract  actively  any 
further  than  to  the  extent  of  the  shortening  from  which  it  begins  to  be  active  ;  e.g., 
when  the  knee-joint  is  bent,  the  gastrocnemius  can  no  longer  produce  plantar  flexion 
of  the  foot,  but  the  traction  on  the  tendo  Achilles  is  produced  by  the  soleus.  {b) 
"  Passive  insufficiency  "  is  shown  by  many-jointed  muscles  under  the  following 
circumstances  :— In  certain  positions  of  the  joint,  a  muscle  may  be  so  stretched 
that  it  may  act  like  a  rigid  strap,  and  thus  limit  or  prevent  the  action  of  other 
muscles,  e.g.,  the  gastrocnemius  is  too  short  to  permit  complete  dorsal  flexion  of 
the  foot  wiien  the  knee  is  extended.    The  long  flexors  of  the  leg,  arising  from  the 
tuber  ischii,  are  too  short  to  permit  complete  extension  of  the  knee-jomt  when  the 
hip-ioint  is  flexed  at  an  acute  angle.    The  extensor  tendons  of  the  fingers  are  too 
short  to  permit  of  complete  flexion  of  the  joints  of  the  fingers  when  the  hand  is 

completely  flexed.  ,         ,  t  •  i 

7  Svnerffetic  muscles  are  those  which  together  subserve  a  certain  kind  ot 
movement,  e.g.,  the  flexors  of  the  leg,  the  muscles  of  the  calf  and  others  The 
abdominal  muscles  act  along  with  the  diaphragm  in  dimimshing  the  abdomen 
during  straining,  while  the  muscles  of  inspiration  or  expiration,  even  the  diflerent 
origins  of  one  muscle,  or  the  two  bellies  of  a  biventral  muscle,  may  be  regarded 

from  the  same  point  of  view.  ,  .  ,  fi,^ 

Antaffonistic  muscles  are  those  which,  during  their  action,  have  exactly  tne 
opposite  effect  of  other  muscles,  e.g.,  flexors  and  extensors-pronators  and  supina- 
tors—adductors  and  abductors— elevators  and  depressors— sphincters  and  dilators— 

'"Then^it''is'^Sc^ess'^r7to  bring  the  full  power  of  our  muscles  into  action.  we 
auite  involuntarily  bring  them  beforehand  into  a  condition  of  the  gi;eatest  tension, 
as  a  muscle  in  this  condition  is  in  the  most  favourable  position  for  doing 
work  (§  300,  L,  3).    Conversely,  when  we  execute  delicate  movements  requiring 
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little  energy,  we  select  a  position  in  which  the  corresponding  muscle  is  already 
shortened. 

All  the  fasciaj  of  the  body  are  connected  with  muscles,  which,  when  they  contract,  alter  the 
tension  of  the  former,  so  that  they  are  in  a  certain  sense  aponeuroses  or  tendons  of  the  latter 
{K.  Bardckbcn).  [For  the  imiiortance  of  muscular  movements  and  those  of  fascife  in  connection 
with  tlie  movements  of  the  lymph,  see  §  201.] 

307.  GYMNASTICS;  MOTOR  PATHOLOGICAL  VARIATIONS.— Gymnastic  exercise  is 

most  important  for  the  proper  development  of  the  muscles  and  motor  power,  and  it  ought  to 
be  commenced  in  both  sexes  at  an  early  age.  Systematic  muscular  activity  increases  the 
volume  of  the  muscles,  and  enables  them  to  do  more  work.  The  amount  of  blood  is  increased 
with  increase  in  the  muscular  development,  while  at  the  same  time  the  bones  and  ligaments 
become  more  resistant.  As  the  circulation  is  more  lively  in  an  active  muscle,  gymnastics  favour 
the  circulation,  and  ought  to  be  practised,  especially  by  persons  of  sedentary  habits,  who  are 
apt  to  sulfer  from  congestion  of  blood  in  abdominal  organs  {e.g.,  hsemorrhoids),  as  it  favours 
the  movement  of  the  tissue  juices  [§  201].  An  active  muscle  also  uses  more  0  and  produces 
more  CO.,,  so  that  respiration  is  also  excited.  The  total  increase  of  the  metabolism  gives  rise 
to  the  feeling  of  well-being  and  vigour,  diminishes  abnormal  irritability,  and  dispels  the 
tendency  to  fatigue.    The  whole  body  becomes  firmer,  and  specifically  heavier  {Jiiger). 

By  Ling's,  or  the  Swedish  system,  a  systematic  attempt  is  made  to  strengthen  certain  weak 
muscles,  or  groups  of  muscles,  whose  weakness  might  lead  to  the  production  of  deformities. 
These  muscles  are  exercised  systematically  by  opposing  to  them  resistances,  which  must  either 
be  overcome,  or  against  which  the  patient  must  strive  by  muscular  action. 

Massage,  which  consists  in  kneading,  pressing,  or  rubbing  the  muscles,  favours  the  blood- 
stream ;  hence,  this  system  may  be  advantageously  used  for  such  muscles  as  are  so  weakened  by 
disease  that  an  independent  treatment  by  means  of  gymnastics  cannot  be  adopted.  [The 
importance  of  massage  as  a  restorative  practice  in  getting  rid  of  the  waste  products  of  muscular 
activity  has  been  already  referred  to  (§  304).] 

Disturbances  of  the  normal  movements  may  partly  affect  the  passive  motor  organs  {e.g., 
the  bones,  joints,  ligaments,  and  aponeuroses),  or  the  active  organs  (muscles  with  their 
tendons,  and  motor  nerves). 

Passive  Organs. — Fractures,  caries  and  necrosis,  and  inflammation  of  the  bones,  which  make 
movements  painful,  influence  or  even  make  movement  impossible.  Similarly,  dislocations, 
relaxation  of  the  ligaments,  arthritis,  or  anchylosis  interfere  with  movement.  Also  curvature  of 
bones,  hyperostosis  or  exostosis;  lateral  curvature  of  the  vertebral  column  (Scoliosis),  back- 
ward angular  curvature  (Kyphosis),  or  forward  curvature  (Lordosis).  The  latter  interfere  with 
respiration.  In  the  lower  extremities,  which  have  to  carry  the  weight  of  the  body,  genu 
valgum  may  occur  in  flabby,  tall,  rapidly-growing  individuals,  especially  in  some  trades,  e.g., 
in  bakers.  The  opposite  form,  genu  varum,  is  generally  a  result  of  rickets.  Flat  foot  depends 
upon  a  depression  of  the  arch  of  the  foot,  which  then  no  longer  rests  upon  its  three  points  of 
support.  Its  causes  seem  to  be  similiar  to  those  of  genu  valgum.  The  ligaments  of  the  small 
tarsal  joints  are  stretched,  and  the  long  axis  of  the  foot  is  usually  directed  outwards  ;  the 
inner  margin  of  the  foot  is  more  turned  to  the  ground,  while  pain  in  the  foot  and  malleoli 
make  walking  and  standing  impossible.  Club-foot  (Talipes  vams),  in  which  the  inner  margin 
of  the  foot  is  raised,  and  the  point  of  the  toes  is  directed  inwards  and  downwards,  depends 
upon  imperfect  development  during  foetal  life.  All  children  are  born  with  a  certain  very 
slight  degree  of  bending  of  the  foot  in  this  dire'ction.  Talipes  eqiiinus,  in  which  the  toes, 
and  T.  calcaneus,  in  which  the  heel  touches  the  ground,  usually  depend  upon  contracture  of 
the  muscles  causing  these  positions  of  the  foot,  or  upon  paralysis  of  the  antagonistic  muscles. 

Rickets  and  Osteomalacia. — If  the  earthy  salts  be  withheld  from  the  food,  the  bones 
gradually  undergo  a  change ;  they  become  thin,  translucent,  and  may  even  bend  under 
pressure.  In  certain  persistent  defects  of  nutrition,  the  lime  and  other  salts  of  the  food  are  not 
absorbed,  giving  rise  to  rachitis,  or  rickets,  in  children.  If  fully  formed  bones  lose  their  lime- 
salts  to  the  extent  of  J  to  i  (halisterisis),  they  become  brittle  and  soft  (osteomalacia).  Tliis 
occurs  to  a  limited  extent  in  old  age. 

Muscles. — The  normal  nutrition  of  muscle  is  intimately  dependent  on  a  proper  supply  of 
sodium  Moricle  and  iMasli  salts  in  the  food,  as  these  form  integral  parts  of  the  muscular  tissue 
{Kcmmerich,  Forester).  Besides  the  atrophic  changes  which  occur  in  the  muscles  when  these 
sub.stances  are  withheld,  there  are  disturbances  of  the  central  nervous  system  and  digestive  appa- 
ratus, and  the  animals  ultimately  die.  The  condition  of  the  muscles  during  inanition  is  given 
in  §  2.37.  If  muscles  and  bones  be  kept  inactive,  they  tend  to  atrophy  (§  241).  In  atrophic 
muscles,  and  in  cases  of  anchylosis,  there  is  an  enormous  increase,  or  "atrophic  proliferation," 
of  the  muscle-corpuscles,  which  takes  place  at  the  expense  of  the  contractile  contents 
{C'ohnhcim).  A  certain  degree  of  muscular  atrophy  takes  place  in  old  age.  The  uterus,  after 
delivery,  undergoes  a  great  decrease  in  size  and  weight— from  1000  to  350  grammes— duo 
chiefly  to  the  diminished  blood  supply  to  the  organ.    In  chronic  lead  poisoning,  the  extensors 
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and  interossoi  chielly  undergo  atrophy.    Atrophy  and  degeneration  of  the  muscles  are  followed 
by  sliovtening  auil  thinning  of  the  hones  to  whicli  the  ninscles  are  attached. 

Section  and  paralysis  of  the  motor  nerves  cause  palsy  of  the  muscle,  thus  rendering  them 
inactive,  and  they  ultimately  degenerate.  Atrophy  also  occurs  after  inllammation  or  softening 
of  the  multipolar  nerve-cells  in  the  anterior  horn  of  the  grey  matter  of  tlie  spinal  cord,  or  the 
motor  nuclei  (facial,  spinal  accessory,  and  hypoglossal  of  Stilling  in  tlie  medulla  oblongata),  in 
the  muscles  connected  with  those  parts.  Kapid  atrophy  takes  place  in  certain  fornLS  of  spinal 
paralysis  and  in  acute  bulbar  paralysis  (paralysis  of  the  medulla  oblongata),  and  in  a  chronic 
form  in  progressive  muscular  atrophy  and  progressive  bulbar  paralysis.  The  muscles  and  their 
nerves  become  small  and  soft.  The  muscles  show  many  nuclei,  the  sarcous  substance  becomes 
fatty,  and  ultimately  disappears.  According  to  Charcot,  these  areas  are  at  the  same  time  the 
trophic  centres  for  the  nerves  proceeding  from  them,  as  well  as  for  the  muscles  belonging  to 
them.  According  to  Friedreich,  the  primary  lesion  in  progressive  muscular  atrophy  is  in  the 
muscles,  and  is  due  to  a  primary  interstitial  inHammation  of  the  muscle,  resulting  in  atrophy 
and  degenerative  changes,  while  the  nerve-centres  arc  affected  secondarily,  just  as  after  amputa- 
tion of  a  limb,  the  corresponding  part  of  the  spinal  cord  degenerates. 

In  pseudo-hypertrophic  muscular  atrophy  the  muscular  fibres  atrophy  completely,  with 
copious  development  of  fat  and  connective-tissue  between  the  fibres,  without  the  nerves  or  .spinal 
cord  undergoing  degeneration.  The  muscular  substance  may  also  undergo  amyloid  or  v;ax-likc 
degeneration,  whereby  the  amyloid  substance  infiltrates  the  tissue  (§  249,  VI.).  Sometimes 
atrophic  muscles  have  a  deep  broion  colour,  due  to  a  change  of  the  htemoglobin  of  the  muscle. 
When  muscles  are  much  used  they  hypertrophy,  as  the  heart  in  certain  cases  of  valvular  lesion 
or  obstruction  (§  40),  the  bladder,  and  intestine.  [In  true  hypertrophy  there  is  an  increased 
number  or  increase  in  the  size  of  its  tissue  elemeuts,  throughout  the  entire  tLSSue  or  organ, 
without  any  deposit  of  a  foreign  body.  Perhaps,  in  hypertrophy  of  the  bladder,  the  thickened 
muscular  coat  not  only  serves  to  overcome  resistance,  but  it  offers  greater  resistance  to  bursting 
under  the  increased  intra-vesical  pressure.  Mere  enlargement  is  not  hypertrophy,  for  this  may 
be  brought  about  by  foreign  elements.  In  atrophy  there  is  a  diminution  in  size  or  bulk,  even 
when  the  blood-stream  is  kept  up,  the  decrease  being  due  to  pressure.  An  atrophied  organ  may 
be  even  enlarged,  as  seen  in  pseudo-hypertrophic  paralysis,  where  the  muscles  are  larger,  owing 
to  the  interstitial  growth  of  fatty  and  connective-tissue,  while  the  true  muscular  tissue  is 
diminished  and  ti'uly  atrophied.] 

308  STANDING.— The  act  of  standing  is  accomplislied  by  muscular  action, 
and  is  tlie  vertical  position  of  equilibrium  of  the  body,  in  which  a  line  drawn  from 
the  centre  of  gravity  of  the  body  falls  within  the  area  of  both  feet  placed  upon  the 
ground.  In  the  military  attitude,  the  muscles  act  in  two  directions— (1)  to  fix  the 
jointed  body,  as  it  were,  into  one  unbending  column  ;  and  (2)  in  case  of  a  variation 
of  the  equilibrium,  to  compensate  by  muscular  action  for  the  disturbance  of  the 
equilibrium. 

The  following  individual  motor  act^  occur  in  standing  :—  ,  ,  ■  • 

1  Fixation  Sf  the  head  upon  the  vertebral  column.  The  occiput  may  be  moved  in  various 
directions  upon  the  atlas,  as  in  the  acts  of  nodding.  As  the  long  arm  of  the  lever  lies  m  front 
of  the  atlas,  necessarily  when  the  muscles  of  the  back  of  the  neck  relax,  as  in  sleep  or  death 
the  chin  fails  upon  the  breast.  The  strong  neck  muscles,  which  pull  from  the  vertebral  eta 
upon  the  occiput,  fix  the  head  in  a  firm  position  on  the  vertebral  column.  The  chiei  rotatorj 
movement  of  the  head  on  a  vertical  axis  occurs  round  the  odontoid  process  of  the  axis  The 
articular  surfaces  on  the  pedicles,  and  part  of  the  bodies  of  the  1st  and  2nd  ver  ebr^e  are  con- 
vex  towards  each  other  hi  the  middle,  becoming  somewhat  lower  in  front  '^"^  behind  so  th.^^^ 
the  head  is  highest  in  the  erect  posture.  Hence,  when  the  head  is  greatly  rotated,  compre^jo^ 
of  the  medulla  oblongata  is  prevented  {Hcnke).  In  standing,  these  muscles  do  not  lequire  to 
be  fixed  by  muscular  action,  as  no  rotation  can  take  place  when  the  neck  muscles  are  at  rest 

2  Fixed  Vertebral  Column. -The  vertebral  column  itself  must  be  fixed,  especially  where  it 
is  most  mobile,  i.e.,  in  the  cervical  and  lumbar  regions.  This  is  brought  about  by  the  strong 
m^les  situate  in  these  regions,  e.g.,  the  cervical  spinal  muscles.  Uxtaisor  dorsv  ccnnmums  and 

'^"Smty'rSvertebr^.-The  least  movable  vertebra,  arc  the  3rd  to  the  6th  dorsal ; 
the  sacrum  is  quite  immovable.  For  a  certain  length  of  the  column,  the  '^o^;  f  P^^^^^^ 
on  (a)  the  number  and  height  of  the  interarticular  fibro-cartdages.  They  are  most 
numerous  in  the  neck,  thickest  in  the  lumbar  region,  and  -'«;';f//^-Co^ 
cervical  recnon.  They  permit  movement  to  take  place  in  every  direction,  tollectueij  tne 
in^erarticufai  discs  form  one-fourth  of  the  height  of  the  whole  vertebral  column  They  are 
om'i^is'd'omew^  the  pressure  .of  the  body  ;  hence,  the  body  ^^Vof  ^dL'S 
and  after  Iving  in  the  horizontal  position.  The  smaller  periphery  of  the  bodies  of  the  cenicai 
vertebS  llvours  the  mobility  of  these  vertebra,  compared  with  the  larger  lower  ones.    (6)  The 
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position  of  the  processes  also  influences  greatly  the  mobility.  The  strongly  depressed  spines  of 
the  Sal  re^L  hinder  hypere.Ktonsion.  The  articular  processes  on  the  cervical  vertebra  are 
srpS  thTtheir  surfaces  look  obliquely  from  before  and  upwards,  backwards,  and  down- 
^^SrrihSpemits  a\"ely  free  mo^eme'nt,  rotation,  lateral  Vnd  -dding  movem^^^^^^  n 
the  dorsal  region,  the  articular  surfaces  are  directed  vertically  and  directly  to  the  ijo"*. 
lower  directly^ackwards  ;  in  the  lumbar  region  the  position  of  the  articular  processes  is  alnio 
completely  vertical  and  antero-posterior.  In  bending  backwards  as  far  as  possible,  the  most 
mobile  parts  of  the  column  are  the  lower  cervical  vertebra;,  the  11th  dorsal  to  the  2nd  lumbar 
and  the  lower  two  lumbar  vertebrre  [E.  H.  JFcbcr).  ,      „    ,       ,  „i- 

3  The  centre  of  gravity  of  the  head,  trunk,  and  arms  when  fixed  as  above,  lies  in  fiont  01 
the  lOth  dorsal  vertebra.  It  lies  further  forward,  in  a  horizontal  plane,  passing  through  the 
xiphoid  process,  the  greater  the  distension  of  the  abdomen  by  food,  fat,  or  pregnancy.  A  line 
drawn  vertically  downwards  from  the  centre  of  gravity  passes  bcJdnd  the  line  uniting  both  liip- 
ioints.  Hence,  the  trunk  would  fall  backwards  on  the  hip-joint,  were  it  not  prevented  partly 
by  lio-aments  and  partly  by  muscles.  The  former  are  represented  by  the  ileo-fcmoral  band  and 
the  anterior  tense  layer  of  the  fascia  lata.  As  ligaments  alone,  however,  never  resist  permanent 
traction,  they  are  aided,  especially  by  the  ileo-psoas  muscle  inserted  into  the  small  trochanter, 
and  in  part,  also,  by  the  rectus  fcmoris.  Lateral  movement  at  the  hip-joint,  whereby  the  one 
limb  must  be  abducted  and  the  other  adducted,  is  prevented  especially  by  the  large  mass  of  the 
glutei.    When  the  leg  is  extended,  the  ileo-femoral  ligament,  aided  by  the  fascia  lata,  prevents 

adduction.  ,       .  ,    ,  ,  ,  ^  c 

4.  The  rigid  part  of  the  body,  head,  and  trunk,  with  the  arms  and  legs,  whose  centre  ot 
(n-avity  lies  lower  and  only  a  little  in  front,  so  that  the  vertical  line  drawn  downwards  inter- 
sects a  line  connecting  the  posterior  surfaces  of  the  knee-joints,  must  now  be  fixed  at  the  knee- 
joint.  Falling  backwards  is  prevented  by  a  slight  action  of  the  quadriceps  femoris,  aided  bv 
the  tension  of  the  fascia  lata.  Indu-ectly  it  is  aided  also  by  the  ileo-femoral  ligament.  Lateral 
movement  of  the  knee  is  prevented  by  the  disposition  of  the  strong  lateral  ligaments.  Rotation 
cannot  take  place  at  the  knee-joint  in  the  extended  position  (§  305,  I.,  3).  i      •  ■. 

5.  A  line  drawn  downwards  from  the  centre  of  gravity  of  the  whole  body,  which  lies  m  the 
promontory,  falls  slightly  in  front  of  a  line  between  the  two  ankle-joints.  Hence,  the  body 
would  ied].  forward  on  the  latter  joint.  This  is  prevented  especially  by  the  muscles  of  the  calf, 
aided  by  the  muscles  of  the  deep  layer  of  the  leg  (tibialis  posticus,  flexors  of  the  toes,  peroneus 
longus  et  brevis). 

Other  Factors  -.—{a)  As  the  long  axis  of  the  foot  forms  with  the  leg  an  angle  of  50°,  falling 
forward  can  only  occur  after  the  feet  are  in  a  position  more  nearly  parallel  with  their  long  axis. 
(b)  The  form  of  the  articular  surfaces  helps,  as  the  anterior  broad  part  of  the  astragalus  must  be 
pressed  between  the  two  malleoli.    The  latter  mechanism  cannot  be  of  much  importance. 

6.  The  metatarsus  and  phalanges  are  united  by  tense  ligaments  to  form  the  arch  of  the  foot, 
which  touches  the  ground  at  three  points — tuber  calcanei  (heel),  the  head  of  the  first  metatarsal 
bone  (ball  of  the  great  toe),  and  of  the  fifth  toe.  Between  the  latter  two  points,  the  heads  of 
the  metatarsal  bones  also  form  points  of  supports.  The  weight  of  the  body  is  transmitted  to 
the  highest  part  of  the  arch  of  the  foot,  the  caput  tali.  The  arching  of  the  foot  is  fixed  only  by 
ligaments.  The  toes  play  no  part  in  standing,  although,  when  moved  by  their  muscles,  they 
greatly  aid  the  balancing  of  the  body.  The  maintenance  of  the  erect  attitude  fatigues  one 
more  rapidly  than  walking. 

309.  SITTING. — Sitting  is  that  position  of  equilibrium  whereby  the  body  is  supported 
on  the  tubera  ischii,  on  which  a  to  and  fro  movement  may  take  place  {H.  v.  Meyer).  The 
head  and  trunk  together  are  made  rigid  to  form  an  immovable  column,  as  in  standing.  We 
may  distinguish — (1)  the  forward  posture,  in  which  the  line  of  gravity  passes  in  front  of  the 
tubera  ischii ;  the  body  being  supported  either  against  a  fixed  object,  e.g.,  by  means  of  the  arm 
on  a  table,  or  against  the  upper  surface  of  the  thigh.  (2)  The  backward  posture,  in  which  the 
line  of  gravity  falls  behind  the  tubera.  A  person  is  prevented  from  falling  backward  either  by 
leaning  on  a  support,  or  by  the  counter- weight  of  the  legs  kept  extended  by  muscular  action, 
whereijy  the  sacrum  forms  an  additional  point  of  support,  while  the  trunk  is  fixed  on  the  thigh 
by  the  ileo-psoas  and  rectus  femoris,  the  leg  being  kept  extended  by  the  extensor  quadriceps. 
Usually  the  centre  of  gravity  is  so  placed  that  the  heel  also  acts  as  a  point  of  support.  The 
latter  sitting  posture  is  of  course  not  suited  for  resting  the  muscles  of  the  lower  limbs.  (3) 
When  "  sitting  erect"  the  line  of  gravity  falls  between  the  tubera  themselves.  The  muscles  of 
the  legs  are  relaxed,  the  rigid  trunk  only  requires  to  be  balanced  by  slight  muscular  action. 
Usually  the  balancing  of  the  head  is  sufficient  to  maintain  the  equilibrium. 

310.  WALKING,  RUNNING,  AND  SPRINGING.— By  the  term  walking 
is  understood  progression  in  a  forward  horizontal  direction  with  the  least  possible 
muscular  exertion,  due  to  the  alternate  activity  of  the  two  legs. 

Methods. — The  Brothers  Weber  were  the  first  to  analyse  the  various  positions  of  the  body  in 
walking,  running,  and  springing,  and  they  represented  them  in  a  continuous  scries,  which 
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represents  the  successive  phases  of  locomotion.  These  phases  may  be  examined  with  the 
zoetropc  (§  398,  3).  Marey  cHtiniated  the  timc-rclutions  of  the  individual  acts,  by  transferring 
the  movements  by  means  of  his  nir-tainbours  to  a  recording  surface.  Recently,  by  jneans  of  a 
revolving  camera,  he  has  succeeded  in  photographing,  in  instantaneous  pictures  (ttjVtt  second), 

the  whole  series  of  acts. 
Of  course  this  series,  wlieu 
placed  in  the  zoetrope, 
represents  the  natural 
movements.  Figs.  349, 
350,  351  represent  these 
acts. 

In  walking,  the  legs 
are  active  alternately; 
while  one — the  "sup- 
porting" or  "active" 
leg — carries  the  trunk, 
the  other  is  "inac- 
tive "  or  "  passive." 
Each  leg  is  alternately 
in  an  active  and  a 
Fig.  348.  passive  phase.  Walk- 

Phases  of  walking.    The  thick  lines  represent  the  active,  the  thin  the  ing  may  be  divided 
passive  leg  ;  h,  the  hip-joint ;  k,  a,  knee  ;  /,  h,  ankle  ;  c,  d,  heel ;  into     the  following 

£7,  point  of  great  toe. 


knee  ; 

e,  ball  of  the  tarso-metatarsal  joint ; 


movements : — 


I.  Act  (fig.  348,  2). — The  active  leg  is  vertical,  slightly  flexed  at  the  knee,  and  it  alone 
supports  the  centre  of  gravity  of  the  body.  The  passive  leg  is  completely  extended,  and 
touches  the  ground  only  with  the  tip  of  the  great  toe  (s).  This  position  of  the  leg  corresponds 
to  a  right-angled  triangle,  in  which  the  active  leg  and  the  gi-ound  form  two  sides,  while  the 
passive  leg  is  the  hypothenuse. 

II.  Act.— For  the  forward  movement  of  the  trunk,  the  active  leg  is  inclined  slightly  from  its 
vertical  position  (cathetns)  to  an  oblique  and  more  forward  (hypothenuse)  position  (3).  In 
order  that  the  trunk  may  remain  at  the  same  height,  it  is  necessary  that  the  active  leg  be 
lengthened.  This  is  accomplished  by  completely  extending  the  knee  (3,  4,  5),  as  well  as  by 
lifting  the  heel  from  the  ground  (4,  5),  so  that  the  foot  rests  on  the  balls  or  the  heads  of  the 


Fig.  349. 

Phases  of  slow  walking.  Instantaneous  photograph  {Marmj),  only  the  side  directed  to  the  ob- 
server is  shown.  From  the  vertical  position  of  the  right,  active  leg;  (I.),  all  the  phases  of 
this  leg  arc  represented  in  six  pictures  (I.  to  VI.),  while  after  VI.  the  vertical  position  is 
retrained.  The  Arabic  numerals  indicate  the  simultaneous  position  of  the  corresponding 
left  leg;  thus  1  =  1.,  2  =  11.,  &c.,  so  that  during  the  position  IV.  of  the  right  leg,  at  the 
same  time  the  left  leg  has  the  position  as  1. 

metatarsal  bones,  and,  lastly,  by  elevating  it  on  the  point  of  the  great  toe  (2  thin  line). 
Durinq  the  extension  and  forward  movement  of  the  active  leg,  the  tips  of  the  toes  of  the  passive 
letr  have  left  the  ground  (3).    It  is  slightly  Hexed  at  the  knee-joint  (owing  to  the  shortening) 
it  performs  a  "  pendulum-like  movement"  (4,  5),  whereby  its  foot  is  moved  as  far  in  front  of 
the  active  lo"  as  it  was  formerly  behind  it.    The  foot  is  then  placed  flat  upon  the  ground  (1,  2, 


WALKING,  RUNNING,  AND  SPKINGING. 


S07 


thick  lines)  •  tho  centre  of  gravity  is  now  trausferrod  to  this  active  leg  which,  at  the  same  time, 
"  y  kxo  I  at  the  kne" ,  and  placed  vertically.    The  first  act  is  then  repeated. 

sStUeotis  Movements  of  tho  Trtmk. -During  walking,  the  trunk  performs  certam 
characteristic  movements.  (1)  It  leans  every  time  towards  the  active  leg,  owing  to  he  t.action 
of  the  "lutei  and  the  tensor  fascia;  lat^e,  so  that  the  centre  of  gravity  is  inoved,  which  in  shoit 
heavy  persons  with  a  broad  pelvis  leads  to  their  "waddling"  gait  (2)  The  trunk  csp-^cia lly 
during  rapid  walking,  is  inclined  slightly  forward  to  overcome  the  resistance  of  the  aii.  (3) 
Durrn°  the  "  pendulmn-like  action,"  the  trunk  rotates  slightly  on  the  head  ot  the  active  femnr. 
This  rotation  is  compensated,  especially  in  rapid  walking,  by  the  arm  of  the  same  side  as  the 
oscillating  leg  swinging  in  the  opposite  direction,  while  that  on  the  other  side  at  the  same  time 
swings  iirtho'same  direction  as  the  oscillatiug  limb.  »,—..•  c 

Modifying  Conditions  :  1.  The  Duration  of  the  Step.— As  the  rapidity  of  the  vibration  ot  a 
pendulum  (leg)  depends  upou  its  length,  it  is  evident  that  each  individual,  according  to  the 
length  of  his  legs,  must  have  a  certain  natural  rate  of  walking.  The  "duration  of  a  step 
depends  also  upon  the  time  during  which  both  feet  touch  the  ground  simultaneously,  which,  of 
cour.se,  can  be  altered  voluntarily.  When  "walking  rapidly"  the  time  =  0,  i.e.,  at  the  same 
moment  in  which  the  active  leg  reaches  the  ground,  the  passive  leg  is  raised.  2.  The  length 
of  the  step  is  usually  about  6  to  7  decimetres  [23  to  27  inches],  and  it  must  be  greater,  the 
more  the  length  of  the  hypothenuse  of  the  passive  leg  exceeds  the  cathetus  of  the  active  one. 
Hence,  during  a  long  step,  the  active  leg  is  greatly  shortened  (by  flexion  of  the  knee),  so  that 
the  trunk  is  pulled  downwards.    Similarly,  long  legs  can  make  longer  steps.  _ 

According  to  Marey  and  others,  the  pendulum  movement  of  the  passive  leg  is  not  a  true 
pendulum  movement,  because  its  movement,  owing  to  muscular  action,  is  of  more  uniform 
rapidity.  During  the  pendulum  movement  of  the  whole  limb,  the  leg  vibrates  by  itself  at  the 
knee-joint  {Luccc,  H.  Vierordt).  ,    ,     ,    ,  ,    ^  r  .i 

Fixation  of  the  Femur.— According  to  Ed.  and  W.  Weber,  the  head  of  the  femur  of  the 
passive  leg  is  fixed  in  its  socket  chiefly  by  the  atmospheric  pressure,  so  that  no  muscular  action 
is  necessary  for  carrying  the  whole  limb.  If  all  the  muscles  and  the  capsule  be  divided,  the 
head  of  the  femur  still  remains  in  the  cotyloid  cavity.  Rose  refers  this  condition  not  to  the 
action  of  the  atmospheric  pressure,  but  to  two  adhesion  surfaces  united  by  means  of  synovia. 
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Fig.  350. 

Instantaneous  photograph  of  a  runner  {Marey).    .Ten  pictures  jier  second.    The  abscissa 
indicates  the  length  of  the  step  in  metres. 

The  experiments  of  Aeby  show  that  not  only  the  weight  of  the  limb  is  supported  by  the 
atmospheric  pressure,  but  that  the  latter  can  support  several  times  this  weight.  When  traction 
is  exerted  on  the  limb,  the  margins  of  the  cotyloid  ligament  of  the  cotyloid  cavity  are  applied 
like  a  valve  tightly  to  the  margin  of  the  cartilage  of  the  head  of  the  femur.  According  to  the 
Brothers  Weber,  the  leg  falls  from  its  socket  as  soon  as  air  is  admitted  by  making  a  perforation 
into  the  articular  cavity. 

Work  done  during  Walking. — Marey  and  Demery  estimate  the  amount  done  by  a  man 
weighing  64  kilos.  [10  stones],  when  walking  slowly,  as  =  6  kilogrammetres  per  second;  rapid 
ruuning  =  56  kilogrammetres.  The  work  done  is  due  to  the  raising  of  the  entire  body  and 
extremities,  to  the  velocity  communicated  to  the  body,  as  well  as  to  the  maintenance  of  the 
centre  of  gravity. 

In  springing  or  leaping,  the  body  is  rapidly  projected  upwards  by  the  greatest  possible  and 
most  rapid  contraction  of  the  muscles,  while  at  the  same  time  the  centre  of  gravity  is  maintained 
by  other  muscular  acts  (fig.  351)'. 

The  pressure  upon  the  sole  of  the  foot  in  walking  is  distributed  in  the  following  manner:— 
The  supporting  leg  always  presses  more  strongly  on  the  ground  than  the  other  ;  the  longer  the 
step  the  greater  the  pressure.  The  heel  receives  the  maximum  amount  of  pressure  sooner  than 
the  point  of  the  foot  {Carlct). 
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Running  is  distinguished  from  rapid  walking  by  the  fact  that,  at  a  particular 
moment,  botli  legs  do  not  touch  the  ground,  so  that  the  body  is  raised  in  the  air. 
The  active  leg,  as  it  is  forcibly  extended  from  a  flexed  position,  gives  the  body  the 
necessary  impetus  (fig.  350). 

Pathological. — Variations  of  the  walking  movements  depend  primarily  upon  diseases  of 
bones,  ligaments,  muscles,  and  tendons,  and  also  upon  afl'ections  of  the  motor  nerves.  The 


3  Meter. 


Fig.  351. 

High  leap.    Instantaneous  photograph  {Marey).    The  pictures  partly  overlap  each  other,  as 
soon  as  the  velocity  of  the  forward  movement  on  the  descent  diminishes  after  springing. 
In  the  left-hand  corner  is  the  dial  plate,  the  radius  of  which  moved  one  division  in  ^  second. 
The  abscissa  indicates  the  distance  in  metres, 
effect  of  sensory  nerves  and  the  reflex  mechanism  of  the  spinal  cord,  and  also  of  the  muscular 
sense  on  walking,  are  stated  in  §§  355,  360,  430. 

311  COMPAEATIVE.  The  absolute  muscular  force  in  animals  is  not,  as  a  rule,  much 

different  from  that  in  man.  The  great  motor  power  exerted  by  animals  results  from  the  thickness 
and  number  of  the  muscles,  as  well  as  from  the  different  arrangement  of  the  levers  and  the  acnon 
of  muscles  on  them.  Insects  particularly  exert  a  large  amount  of  force  ;  some  insects  can  drag 
a  body  sixty-seven  times  their  own  weight ;  a  horse  scarcely  its  own  weight.  A  man  pressing 
upon  a  dynamometer  with  one  hand  exerts  pressure  =  070  times  his  own  weight,  while  a  dog 
lifting  its  lower  jaw  exerts  8-3  times.  A  crab  by  closing  its  pincers  28-5  times.  A  mussel  on 
closing  its  shell  382  times  its  body-weight  {Plateau).       ,        ^  ^.  ^  rri,„ 

In  Siammals' standing  is  much  more  easy,  as  they  have  four  supporting  surfaces,  ihe 
springing  animals  have  t  sitting  attitude,  while  the  tail  is  often  used  as  a  support  (kangaroo 
snuiiTel)?    In  birds,  there  is  a  mechanical  arrangement  by  which  while  perching  the  tendons 
are  flexed  ;  hence,  a  bird  while  sleeping  can  still  retain  its  hold  {Cuvicy^     In  the  stork  and 
crane,  which  stan.i  for  a  long  time  on  one  leg,  this  act  is  unaccompanied  by  muscular  action 
as  the  tibia  is  fixed  by  meani  of  a  process  which  iits  into  a  depression  of  the  articular  surface  of 

^''liTalking,  we  distinguish  in  mammals  the  step  (le  pas)--the  four  feet  are  generally  moved 
in  four  tempo  and  usuafly  diagonally,  e.g.,  in  the  h^'^^"^ f^S^^^*  ^""f  \ 
hind.    [The  camel  is  an  exception-it  moves  the  fore  and  hind  limbs  simul  an eouslj  on  each 
side  1    In  trotting  this  movement  is  accelerated  ;  the  two  limbs  in  a  diagonal  direction  lift  to- 
gether, so  that  only  two  hoof-sounds  are  heard,  while  at  the  same  time,  the  body  is  »-^^^sed  more 
in  the  air.    During  the  interval  between  two  hoof -beats  the  body  is  free  in  the  air,  all  the 
hubs  having  left  the  ground.    Strictly  speaking,  the  fore  hmb  leaves  the  ground  slight 
sooner  than  the  hind  oi^.    The  gaUop.-When  u  (right)  galloping  horse  moves  "J  the  a^^. 
unner  part  of  its  body  is  fairly  horizontal ;  when  it  touches  the  ground  the  left  hind  foot  is  t  e 
first  to  touch  the  ground.    Shortly  thereafter,  the  left  fore  and  right  hind  foot  touch  t  e 
m-ound  while  the  lUit  fore  leg  has  not  yet  reached  the  ground  and  is  directed  forward.  The 
irer  pa  t  of  the  body  still  retains  its  horizontal  direction.    When,  however,  a  few  moments 
tCfter  Se  left  hind  leg  again  leaves  the  ground,  it  is  higher  than  the  fore  leg-simultane- 
o7s  r  he  ri'Sit  fo  e  leg  is  thrSwn  forward  and  lower,  while  the  right  hmd  and  left  fore  leg  are 
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stretched  to  the  extreme.  Immediately  thereafter  these  limbs  leave  the  ground,  wliile  the  hind 
limb  so  tar  overtakes  the  fore  limb  that  it  comes  to  lie  higher  than  the  latter.  The  body, 
therefore  is  projected  forwards  and  downwards  until  the  right  fore  limb,  which  alone  touches 
the  "round  actively  contracts  and  again  raises  the  body  from  the  ground.  When  this  happens, 
the  horse  aWin  floats  in  the  air,  its  body  being  directed  horizontally.  The  long  axis  ol  the 
horse's  body  in  galloping  is  placed  obliiiuely  to  ihe  direction  of  movement,  and  forming  a  nght 
an"-le.  In  forced  galloping  (la  earriere),  which  is  really  a  springing  movement,  the  right  hind 
le<?and  left  fore  leg  do  not  touch  the  ground  at  the  same  time,  but  the  former  does  so  sooner. 
The  amble  is  a  modilication  of  the  step,  which  consists  in  this,  that  both  feet  on  the  same  side 
move  at  the  same  time  or  shortly  after  each  other  (camel,  giraffe,  elephant).  Marey  attached 
compressible  ampulla;  under  the'hoof  of  a  horse,  connecting  them  with  registering  apparatus, 
and  thus  accurately  registered  the  time-relation  of  each  act.  Muybridge  photographed  the 
actions  of  a  horse  and  the  difl'ereut  phases  of  the  movement. 

In  snakes  the  rudder-like  elevation  and  depression  of  the  ribs  cause  the  progression  of  the 
body. 

Swimming  is  an  acquired  art  in  man.  The  specific  gravity  of  the  body  is  slightly  greater 
than  that  of  ordinary  water,  but  slightly  lighter  than  that  of  sea  water.  When  lying  quietly 
on  the  back,  so  that  only  the  mouth  and  nose  are  at  last  above  the  water,  very  slight  move- 
ments of  the  hands  are  necessary  to  keep  a  person  from  sinking.  In  this  position,  progression 
can  be  accomplished  by  extending  and  adducting  the  legs,  while  the  movement  is  accelerated 
by  rudder-like  movements  of  the  arms.  Swimming  belly  downwards  is  more  difficult,  because 
the  head,  being  held  above  the  water,  makes  the  body  specifically  heavier.  The  forward  move- 
ment and  the  act  of  supporting  the  body  in  the  water  consist  of  three  acts  : — First,  horizontal, 
rudder-like  movements  of  the  extended  arms  from  before  backwards,  until  they  reach  the  hori- 
zontal position  (forward  movement) ;  second,  pressure  of  the  arms  downward,  with  subsequent 
adduction  of  the  elbow-joint  to  the  body  (elevation  of  the  body),  together  with  retraction  of  the 
extended  legs  ;  third,  projection  of  the  arms,  now  brought  together,  and  at  the  same  time  ex- 
tension and  adduction  of  the  legs  obliquely  backwards  and  downwards,  thus  causing  eleva- 
tion of  the  body  as  well  as  a  forward  movement.  Too  rapid  movements  cause  fatigue,  while 
the  respirations'must  be  carefully  regulated.  Many  land  mammals,  whose  body  is  specifically 
lighter  than  water,  can  swim,  especially  with  the  aid  of  their  hind  limbs,  while  at  the  same  time, 
all  the  legs  being  directed  downwards,  and  being  specifically  the  heaviest  part  of  the  body,  keep 
the  trunk  in  the  normal  position.  Fishes  chiefly  use  their  tail  fin  as  a  motor  organ,  which  is 
moved  by  powerful  lateral  muscles.  When  the  tail  is  suddenly  extended,  it  presses  upon  the 
water  and  displaces  it.  Some  fish,  as  the  salmon,  can  lift  their  body  out  of  the  water  by  a  blow 
of  their  tail  fin.  The  dorsal  and  anal  fins  enable  the  animal  to  preserve  the  erect  position. 
The  pectoral  and  abdominal  fins  corresponding  to  the  extremities  execute  slight  movements, 
especially  upwards  and  downwards,  which  are  greater  during  sleep.  The  swimming  bladder 
is  the  homologue  of  the  lung,  and  is  used  for  hydrostatic  purposes  in  some  fishes,  and  as  an 
auxiliary  respiratory  organ  in  others,  e.g.,  the  dipnoi  (§  140).  It  is  absent  or  rudimentary  in 
the  cyclostomata.  In  swimming  birds,  the  body  is  specifically  very  much  lighter  than  the 
water,  while  their  feathers  are  lubricated  by  the  oily  secretion  of  the  coccygeal  glands  (§  291). 
Their  feet  are  usually  webbed. 

Flight. — Bats  and  their  allies  are  the  only  flying  mammals.  The  bones  of  the  upper  limb 
and  phalanges  are  greatly  elongated,  and  between  these  and  the  elongated  hind  limb  (except 
the  foot)  there  is  stretched  a  thin  membrane.  The  membrane  is  moved  by  the  powerful  pectoral 
muscles.  The  flying  squirrel  has  only  a  duplicature  of  the  skin  stretched  between  the  large 
bones  of  the  extremities,  which  serves  as  a  parachute  when  the  animals  spring.  In  birds  the 
body  is_ specifically  light ;  numerous  air-sacs  in  the  chest  and  belly  communicate  with  the  lungs, 
and  with  the  cavities  of  most  of  the  bones  (§  140).  The  modified  upper  extremities  are 
supported  by  the  coracoid  bone  and  the  united  clavicles  or  furcuhiin,  and  are  moved  by  the 
powerful  pectoral  muscles  attached  to  the  keeled  sternum.  Marey,  by  means  of  his  revolving 
photographic  camera,  has  analysed  all  the  ]ihases  of  flight  in  a  bird. 

[Warner  has  studied  the  movements  of  the  fingers  and  correlated  these  movements  with 
changes  in  the  nerve  centres  in  certain  diseased  conditions,  e.g.,  chorea.  An  india-rubber  tube 
is  attached  to  each  finger,  and  this  "motor  "  part  of  the  apparatus  is  connected  with  a  Marey's 
tambour.  The  several  finger-tubes  are  fixed  to  an  arrangement  not  unlike  a  cricketer's  glove, 
so  that  voluntary  or  involuntary  movements  of  the  fingers  can  be  registered  and  studied.] 

312.  VOICE  AND  SPEECH,  PHYSICAL  CONSIDERATIONS.— The  blast 
of  expired  air — aud  under  certain  circumstances,  the  inspiratory  blast  also — is 
employed  to  throw  the  tense  vocal  cords  into  a  state  of  regular  vibration,  whereby 
a  sound  is  produced.    The  sound  so  produced  is  the  human  voice. 

The  true  vocal  cords  are  really  elastic  membranous  reeds.  If  a  blast  of  air  be  forcibly  driven 
upwards  through  the  partially  closed  glottis,  the  vocal  cords  are  pushed  asunder,  as  the  elastic 
tension  of  the  air  overcomes  the  resistance  of  the  cords.    After  the  escape  of  air  from  below, 
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tho  cords  rapidly  return  to  their  former  position,  and  are  again  pushed  asunder,  and  caused  to 
vibrato. 

1.  Thus,  when  a  monibrane  vibrates,  the  air  must  be  alternately  condensed  and  rarefied. 
The  condensation  and  rarefaction  ore  the  chief  cause  of  the  tone  or  note  (as  in  the  siren),  not  so 
much  tho  membranes  themselves  {v.  HdmhoUz). 

2.  Tho  air-tube  or  "porte  vente,"  conducting  the  air  to  the  membranes  in  man  is  the  lower 
portion  of  the  larynx,  the  tracliea,  and  tho  whole  bronchial  system ;  the  bellows  are  represented 
by  tho  chest  and  lungs,  which  are  forcibly  diminished  in  size  by  the  expiratory  muscles. 

"3.  The  cavities  whicli  lie  above  the  membranes  constitute  "  lesonatorB, "  and  consist  of  the 
upper  part  of  tho  larynx,  pharynx,  and  also  of  the  cavities  of  the  nose  and  mouth,  arranged, 
as  it  were,  in  two  stories,  the  one  over  the  other,  which  can  be  closed  alternately. 

The  pitch  of  the  tone  produced  by  a  membranous  apparatus  depends  upon  the  following 
factors : — 

(a)  On  the  length  of  the  clastic  membranes  or  plates.  The  pitch  is  inversely  pro])ortional  to 
the  length  of  the  clastic  membrane,  i.e.,  the  shorter  the  membrane  the  higher  the  pitch,  or  the 
greater  the  number  of  vibrations  per  second.  Hence,  the  pitch  of  a  child's  vocal  cords  (shorter) 
is  higher  than  that  of  an  adult. 

{b)  The  pitch  of  the  tone  is  directly  proportional  to  the  S(pare  root  of  the  amount  of  the 
elasticity  of  the  elastic  membrane.  In  membranous  reeds,  and  also  with  silk,  it  is  directly  pro- 
portional to  the  square  root  of  tho  extending  weight,  which  in  the  case  of  the  larynx  is  the 
force  of  the  muscles  rendering  the  cords  tense. 

(c)  The  tone  of  membranous  reeds  is  not  only  stremjlhencd  by  a  more  powerful  blast,  as  the 
amplitude  of  the  vibrations  is  increased,  but  the  intch  of  the  tone  may  also  be  raised  at  the  sanie 
time,  because,  owing  to  the  great  amplitude  of  the  vibration,  the  mean  tension  of  the  elastic 
membrane  is  increased. 

{d)  The  supra-laryugeal  cavities,  which  act  as  resonators,  are  also  inflated  when  the  larynx 
is  in  action,  so  that  the  tone  produced  by  these  cavities  is  added  to  and  blended  with  the  sound 
of  the  elastic  membranes,  whereby  certain  partial  tones  of  the  latter  are  strengthened  (§  415). 
The  characteristic  timbre  of  the  voice  largely  depends  upon  the  form  of  the  resonators. 

(c)  When  vocalising,  the  strongest  resonance  takes  place  in  the  air-tubes,  as  they  contain 
compressed  air.    It  causes  the  vocal  fremitus  which  is  audible  on  placing  the  ear  over  the  chest 

If )' Narrowing  or  dilating  the  glottis  has  no  effect  on  the  pitch  of  the  tone,  only  mth  a  wide 
glottis  much  more  air  must  be  driven  through  it,  which,  of  course,  greatly  increases  the  work 
of  the  thorax. 

313  ARRANGEMENT  OF  THE  LARYNX.— I.  Cartilages  and  Ligaments. 

—The  f  iandamental  part  of  the  larynx  consists  of  the  cricoid  cartilage,  whose  small 
narrow  portion  is  directed  forwards  and  the  broad  plate  backwards.  Tlie  thyroid 
cartilage  articulates  by  its  inferior  cornu  with  the  posterior  lateral  portion  of  the 
cricoid.  This  permits  of  the  thyroid  cartilage  rotating  upon  a  horizontal  axis 
directed  through  both  of  the  articular  surfaces,  so  that  the  upper  margin  of  the 
thyroid  passes  forward  and  downward,  while  the  joint  is  so  constructed  as  to 
permit  also  of  a  slight  upward,  downward,  forward,  and  backward  movement  of 
the  thyroid  upon  the  cricoid  cartilage.  The  triangular  arytenoid  cartilages 
articulate  at  some  distance  from  the  middle  line,  with  oval,  saddle-hke,  articular 
surfaces  placed  upon  the  upper  margin  of  the  plate  of  the  cricoid  cartilage.  Ihe 
articular  surfaces  permit  two  kinds  of  movements  on  the  part  of  the  arytenoid 
cartilages ;  first,  rotation  on  their  base  around  their  vertical  long  axis,  whereby 
either  the  anterior  angle  or  processus  vocalis,  which  is  directed  forwards,  is  rotated 
outwards ;  while  the  processus  muscularis,  which  is  directed  outwards  and  projects 
over  the  margin  of  the  cricoid  cartilage,  is  rotated  backwards  and  inwards,  or 
conversely.    Further,  the  arytenoids  may  be  slightly  displaced  upon  their  bases 

either  outwards  or  inwards.  .  ^  i  k  r.-.nb- 

Tlie  true  vocal  cords,  or  thyro-arytenoid  ligaments,  are  in  man  about  10  milli- 
metres and  in  woman  11  millimetres  in  length,  and  consist  of  numerous  elastic 
fibres  They  arise  close  to  each  other  from  near  the  middle  of  the  inner  angle  of  the 
thyroid  cartilage,  and  are  inserted,  each  into  the  anterior  angle  or  processus  vocalis 
of  the  arytenoid  cartilages.  The  ventricles  of  Morgagni  permit  free  vibration 
of  the  true  vocal  cords,  and  separate  them  from  the  upper  or  false  cords,  which  con- 
sist of  folds  of  mucous  membrane.    The  false  vocal  cords  are  not  concerned  in 
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phonation,  but  the  secretion  of  their  numerous  mucous  glands  moistens  the  true 
vocal  cords. 

The  obliquely  directed  uuder-surface  of  the  vocal  cords  causes  the  cords  to  come  together  very 
easily  when  the  glottis  is  narrow  during  respiration  {e.g.,  in  sobbing),  while  the  closure  may  be 
made  more  secure  by  respiration.  The  opposite  is  the  condition  of  the  false  vocal  cords,  which, 
when  they  touch,  are  easily  separated  during  ins])iration ;  while  during  expiration,  owing  to  the 
dilatation  of  the  ventricles  of  Morgagni,  they  easily  come  together  and  close  { Wylhc,  L.  Brim- 
ton  and  Cash). 

II.  Action  of  the  Laryngeal  Muscles. — These  muscles  have  a  double  function  : 
 1.  One  connected  with  respiration,  in  as  far  as  the  glottis  is  widened  and 


Fig.  352.  Fig.  353. 

Fig.  352. — Larynx  from  the  front,  with  the  ligaments  and  the  insertions  of  the  muscles. 
O.h.,  Os  hyoideum;  C.th.,  Cart,  thyreoidea;  Corp.  trit,  Corpus  triticeum  ;  C.c,  Cart, 
cricoidea ;  C.tr.,  Cart,  tracheales  ;  Lig.  thyr.-hyoid.  vied.,  Ligamentum  thyreo-hyoideiim 
medium  ;  Lig.  th.-h.  lat.,  Ligam.  thyreo-hyoideum  laterale  ;  Lig.,  eric.  thyr.  vied.,  Ligam. 
crico-thyreoideum  nredium  ;  Lig.  cric.-traeh.,  Ligam.  crico-tracheale  ;  3L  St.-7i.,  Muse, 
sterno-hyoideus  ;  M.  th.-hyoid.,  Muse,  thyreo-hyoideus  ;  M.  st.-th.,  Muse,  sterno-thyreo- 
ideus  ;  v¥.  er.-th..  Muse,  crico-thyreoideus.  Fig.  353.— Larynx  from  behind  after  removal 
of  the  muscles.  E.,  Epiglottis  cushion  (W.) ;  L.  ar.-cp.,  Lig.  ary-epiglotticum  ;  J/.m., 
Membrana  mucosa;  C.  fF.,  Cart.  Wrisbergii ;  C.S.,  Cart.  Santorini ;  C.  aryt..  Cart, 
arytsenoidea  ;  C.c.,  Cart,  cricoidea;  P.m.,  Processus  muscularis  of  Cart,  arytain. ;  L.  cr.-ar., 
Ligam.  crico-arytajan. ;  C.s.,  Cornu  superius ;  O.i.,  Cornu  inferius  Cart,  thyreoidea. 
L.  ce.-cr.  p.  i.,  Lig.  kerato-cricoideum.  post,  inf.;  C.tr.,  Cart,  tracheales;  P.m.tr.,  Pars 
membranacea  tracheae. 

narrowed  alternately  during  respiration ;  further,  when  the  glottis  is  firmly  closed 
by  these  muscles,  the  entrance  of  foreign  substances  into  the  larynx  is  prevented. 
The  glottis  is  closed  immediately  before  the  act  of  coughing  (§  120).  2.  The 
larnyngeal  muscles  give  the  Vocal  cords  the  proper  tension  and  other  conditions  for 
phonation. 

1.  The  glottis  is  dilated  by  the  action  of  the  posterior  crico-arytenoid  muscles. 
When  they  contract  they  pull  both  processus  musculares  of  the  arytenoid  cartilages 
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backwards,  downwards,  and  towards  tlie  middle  line  (fig.  356),  so  that  the  processus 
vocales  (I,  T)  must  go  apart  and  upwards  (II,  II).  Thus,  between  the  vocal  cords 
(glottis  vocalis),  as  well  as  between  the  inner  margins  of  the  arytenoid  cartilages, 
a  large  triangular  space  is  formed  (glottis  respiratoria),  and  these  spaces  are  so 
arranged  that  their  bases  come  together,  so  that  the  aperture  between  the  cords  and 
the  arytenoid  cartilages  has  a  rhomboidal  form.  Fig.  3.5G  shows  the  action  of  the 
muscles.  The  vocal  cords,  represented  by  lines  converging  in  front,  arise  from  the 
anterior  angle  of  the  arytenoid  cartilages  (I,  I).    When  these  cartilages  are  rotated 


the  larynx.    O.h.,  Os  hyoidenm  ;  X'!!        ^''-'m  crico-aryfa^^noideus 

Trachea;  31.    th.-ar.,  M.    thyreo-arytenou  eu. ,  J/.  cnco-thVeoideus ; 

posticus;  M.  cr..ar  I.,  M.  cnco-ayt^n  late^a^^^^^ 

V.  lar.  srcp.  v. ,  N.  lary.geus  sup. ;  f  ^•^^;^™*Ti'A  1 ,  Ramus  ext.  nervi  laryngei 
N.  laiyngeus  recurrens  ;  K.l.JS.h.n.,  Jianiub  lut. ,  -lu^j  , 

recun'entis  vagi.  j    .  j  r 

into  the  iDOsition  (II  II),  the  cords  take  the  position  indicated  by  the  dotted  lines. 
Tt  SdSg  0?  lie  resijiratory  portion  of  the  glottis  between  the  arytenoid  carti- 

^'TThe'enSSe  to  the  glottis  is  constricted  by  the  arytenoid  muscle  (trans^ 
veL  wh  cfrxt  ends  tranfversely  between  both  outer  surfaces  o        ar^  t  noid 
S  their  whole  length  (fig.  357).    On  the  posterior  surface  of  this  muscle 


Fig.  355. 
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placed  the  cross  bundles  (fig.  354)  of  the  thyro-aryepiglotticus  (or  arytsenoidei 
obliqui) ;  they  act  like  the  foregoing.  The  action  of  these  muscles  is  indicated  in 
fig.  357 ;  the  arrows  point  to  the  line  of  traction. 

Pathological. — Paralysis  of  this  muscle  enfeebles  the  voice  and  makes  it  hoarse,  as  much  air 
escapes  between  the  arytenoid  cartilages  during  phonation. 

3.  In  order  that  the  vocal  cords  be  approximated  to  each  other,  which  occurs 
during  phonation,  the  processus  vocales  of  the  arytenoid  cartilages  must  be  closely 
apposed,  whereby  they  must  be  rotated  inwards  and  downwards.  This  result  is 
brought  about  by  the  processus  musculares  being  moved  in  a  forward  and  upward 
direction  by  the  thyro-arytenoid  muscles.  These  muscles  are  applied  to,  and  in 
fact  are  imbedded  in,  the  substance  of  the  elastic  vocal  cords,  and  their  fibres  reach 
to  the  external  surface  of  the  arytenoid  cartilages.  When  they  contract,  they 
rotate  these  cartilages  so  that  the  processus  vocales  must  rotate  inwards.  The 
glottis  vocalis  is  thereby  narrowed  to  a  mere  slit  (fig.  358),  whilst  the  glottis 
respiratoria  remains  as  a  broad  triangular  opening.  The  action  of  these  muscles  is 
indicated  in  fig.  358. 

The  lateral  crico-arytenoid  muscle  is  inserted  into  the  anterior  margin  of  the 
articular  surface  of  the  arytenoid  cartilage ;  hence,  it  can  only  pull  the  cartilage 
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Fig.  356.— Schematic  horizontal  section  of  the  larynx.  I,  Position  of  the  horizontally  divided 
arytenoid  cartilages  during  respiration  ;  from  their  anterior  processes  run  the  convergin<» 
vocal  cords.    The  arrows  show  the  line  of  traction  of  the  posterior  crico-arytcnoid  muscles" 

II,  II,  the  position  of  the  arytenoid  muscles  as  a  result  of  this  action.    Fig  357   

Schematic  horizontal  section  of  the  larynx,  to  illustrate  the  action  of  the  arytenoid  muscle 
I,  I,  position  of  the  arytenoid  cartilages  during  quiet  respiration.  The  arrows  indicate  the 
direction  of  the  contraction  of  the  muscle  ;  II,  II,  the  position  of  the  arytenoid  cartilages 
after  the  arytenoideus  contracts.  Fig.  358.— Scheme  of  the  closure  of  the  glottis  by  the 
thyro-aijtenoicl  muscles.  II,  II,  position  of  the  arytenoid  cartilages  during  quiet  respira- 
tion. Ihe  arrows  indicate  the  direction  of  the  muscular  traction.— I,  I,  position  of  the 
arytenoid  cartilages  after  the  muscles  contract. 

forwards;  but  some  have  supposed  that  it  can  also  rotate  the  arytenoid  cartilage  in 
a  manner  similar  to  the  thyro-arytenoid  (?),  with  this  difference,  that  the  processus 
vocales  do  not  come  so  close  to  each  other. 
Pathological.— Paralysis  of  both  thyro-arytenoid  muscles  causes  loss  of  voice. 

4.  The  vocal  cords  are  rendered  tense  by  their  points  of  attachment  beino- 
removed  from  each  other  by  the  action  of  muscles.  The  chief  agents  in  this  action 
are  the  crico-thyroid  muscles,  which  pull  the  thyroid  cartilage  forwards  and  down- 

3  -A  .  f  "^""f.  ^^^^^e^'  the  posterior  crico-arytenoids  must  pull  the 
arytenoid  cartdages  slightly  backwards,  and  also  keep  them  fixed 

^^^t^^^^il^S^::'  -  1.comeliLf  rd  de»g 

fhi!  wnv"-''  ^yi^/.^Plio^ation.-The  tension  of  the  vocal  cords  brought  about  in 
this  way  IS  not  of  itself  sufficient  for  phonation.  The  triangular  aperture  of  the 
glottis  respiratoria  between  the  arytenoid  cartilages,  produc  Jfy  tL laM  actLn 
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of  the  iiitenial  tliyro-arytenoid  muscles  (see  3)  must  be  closed  by  the  action  of  the 
transverse  and  oblique  arytenoid  muscles.    The  vocal  cords  themselves  must  have 
a  concave  margin,  which  is  obtained  through  the  action  of  the  crico-thyroids  and 
posterior  crico-arytenoids,  so  that  the  glottis  vocalis  presents  the  appearance  of  a 
myrtle  leaf  (l/enlc),  while  the  rima  glottidis  has  the  form  of  a  linear  slit  (fig.  362). 
The  contraction  of  the  internal  thyro-arytenoid  converts  the  concave  margin  of  the 
vocal  cords  into  a  straight  margin.    This  muscle  adjusts  the  delicate  variations  of 
tension  of  the  vocal  cords'  themselves,  causing  more  especially  such  variations  as  are 
necessary  for  the  production  of  tones  of  slightly  different  pitch.    As  these  muscles 
come  close  to  the  margin  of  the  cords,  and  are  securely  woven,  as  it  were,  amongst 
the  elastic  fibres  of  which  the  cords  consist,  they  are  specially  adapted  for  the  above- 
mentioned  purpose.    When  the  muscles  contract,  they  give  the  necessary  resistance 
to  the  cords,  thus  favouring  their  vibration.    As  some  of  the  muscular  fibres  end 
in  the  elastic  fibres  of  the  cords,  these  fibres,  when  they  contract,  can  render 
certain  parts  of  the  cords  more  tense  than  others,  and  thus  favour  the  modifications 
in  the  formation  of  the  tones.    The  coarser  variations  in  the  tension  of  the  vocal 
cords  are  produced  by  the  separation  of  the  thyroid  from  the  arytenoid  cartilages, 
while  the  Jiner  variations  of  tension  are  produced  by  the  thyro-arytenoid  muscles. 
The  value  of  the  elastic-tissue  of  the  cords  does  not  depend  so  much  upon  its 
extensibiUty,  as  upon  its  property  of  shortening  without  forming  folds  and  creases. 

Pathological. -In  paralysis  of  these  muscles,  the  voice  can  only  be  produced  by  forcible 
expiration  as  much  lir  escapes  through  the  glo^is  ;  the  tones  are  at  the  same  t^^^^^ 
impure.    Paralysis  of  the  muscle  of  one  side  causes  flapping  of  the  vocal  cord  on  that  side 
(^Gerhardt). 

5  The  relaxation  of  the  vocal  cords  occurs  spontaneously  when  the  stretch- 
ing forces  cease  to  act ;  the  elasticity  of  the  displaced  thyroid  and  arytenoid  carti- 
lages comes  into  play,  and  restores  them  to  their  original  position.  _  The  vocal 
cords  are  also  relaxed  by  the  action  of  the  thyro-arytenoid  and  lateral  cnco-aiytenoid 

It  is  'evident,  from  the  above  statements,  that  tension  of  the  vocal  cords  and 
narrowing  of  the  glottis  are  necessary  for  phonation.  The  tension  is  produced 
by  the  crico-thyroids  and  posterior  crico-arytenoids  ;  the  narrowing  of  the  glottis 
respiratoria  by  the  arytenoids,  transverse  and  oblique,  the  glottis  vocalis  being 
narrowed  by  the  thyro-arytenoids  and  (?  lateral  crico-arytenoids),  the  former  muscles 
causing  the  cords  themselves  to  become  tense.  •     i  i 

Nerves  (§  352  5).— The  crico-thyroid  is  suppUed  by  the  superior  laryngeal 
branch  of  the  vagus,  which  at  the  same  time  is  the  sensory  nerve  of  the  mucous 
membrane  of  the  larynx.  All  the  other  intrinsic  muscles  of  the  larynx  are  suppUed 
by  the  inferior  laryngeal. 

The  mucous  membrane  of  the  larynx  is  richly  supplied  xvith  elastic  ^1^^^?; 'i^'^  ^°  f  •  ^f/^ 
sub-mucosa.    The  sub-raucosa  is  more  lax  near  the  entrance  to  the  glottis  and  ventn^^^^^^ 
of  Morgagni,  which  explains  the  enormous  swelling  that  sometimes  occurs  i^Lt^^ty^^g^ 
cedema^glottidis.    A  thin  clear  limiting  membrane  les  under  the  epithelium     The  epi^eh^ 
is  stratified,  cylindrical,  and  ciliated  with  intervening  goblet  cells.     On  t^/^t^^J^^^^i^^J^ 
and  the  anterior  sui-face  of  the  epiglottis,  however,  this  is  replaced  ^J' ^t^^^^^^l 
epithelium,  which  covers  the  small  papillae  of  the  mucous  membrane,  ^^""l^i"^^ 
lucous  glands  occur  over  the  cartilages  of  Wrisberg,  the  cushion  of  the  epigloths^  f 
venti-icles  of  Morgagni ;  in  other  situations,  as  on  the  posterior  surface  of  the  la  Jn^.  ^I  Jb^l 
are  more  scattered.    The  blood-vessels  form  a  dense  capillary  plexus  "J^j "    "i^,  '^^T, ^^^^ 
nropria  of  the  mucous  membrane  ;  under  this,  however,  there  are  other  two  stiata  of  blood 
veSs     The  lymphatics  form  a  superficial  narrow  mesh-work  under  the  blood-capiUanes  ^nth 
Tdeeper  coarser  plexus.    The  medullated  nerves  have  ganglia  m  their  branches  of 
mode^o   termination  is  unknown.    [W.  Stirling  has  described  V,lfs  £t  ^^^^^^^^^^ 

medullated  nerve-fibres  on  the  anterior  surface  of  the  epiglottis,  while  he  finds  that  tlieit  aic 
ean"-lioiiic  cells  in  the  course  of  the  superior  laryngeal  nerve.]  ^,^^iu„^.  mnsist  of 

Cartilaees  -The  thyroid,  cricoid,  and  nearly  the  whole  of  the  arytenoid  cartilages  Mnsist  ot 
AyS  caSage^    Tli  two' former  are  prone  t^  ossify.    The  apex  and  processus  vocahs  of  the 
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ai-yteuoid  cartilages  coiwist  ot  yellow  fibro-cartilage,  and  so  do  all  the  other  cartilages  of  the 

^"^The  larynx  grows  until  about  the  sixth  year,  when  it  rests  for  a  time,  but  it  becomes  again 
much  larger  at  puberty  (§  434). 

314  LAEYNGOSCOPY. — HiBtorical. — After  Bozzini  (1807)  gave  the  first  impulse  towards 
the  investio-ation  of  tlio  internal  cavities  of  the  body,  by  illuminating  them  with  the  aid  of 
mirrors,  Babington  (1829)  actually  observed  the  glottis  in  this  way.  The  famous  singer, 
Jlanuel' Garcia  "(1854),  made  investigations  both  on  himself  and  other  singers,  regarding  the 
movements  of  the  vocal  cords,  during  respiration  and  phonation.  The  examination  of  the 
larynx  by  means  of  the  laryngoscope  was  rendered  practicable  chieily  by  Tiirck  (1857)  and 


a 


Mg.  359. 

Vertical  section  through  the  head  and  neck,  to  the  1st  dorsal  vertebra,  a,  position  of  the 
laryngoscope  on  observing  the  posterior  part  of  the  glottis,  arytenoid  cartilages,  and  upper 
surface  of  the  posterior  wall  of  the  larynx  ;  6,  its  position  on  observing  the  anterior  angle 
of  the  glottis.    Large,  a,  and  h,  small  laryngoscopic  mirrors, 

Czermak,  the  latter  observer  being  the  first  to  use  the  light  of  a  lamp  for  the  illumination  of 
tue  iarynx.  Rhinoscopy  was  actually  first  practised  by  Baumes  (1838),  but  Czermak  was  the 
nrst  person  who  investigated  this  subject  systematically. 

1■?n»^^fi^^E^^°^°7°^®  consists  of  a  small  mirror  fixed  to  a  long  handle,  at  an  angle  of  125°  to 
1.50  (tig.  3^9,  a,  h).  When  the  <mouth  is  opened,  and  the  tongue  drawn  forward,  the  mirror  is 
introduced,  as  is  shown  in  fig.  360.  The  position  of  the  mirror  must  be  varied,  according  to 
tne  position  ot  the  larynx  we  wish  to  examine ;  iu  some  cases,  the  soft  palate  has  to  be  rai-sed 
oy  tne  back  ot  the  mirror,  as  in  the  position  h.  A  picture  of  the  part  of  the  larynx  examined  is 
:oimed  mthe  small  miiTor,  the  rays  of  light  passing  in  the  direction  indicated  by  the  dotted 
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lines  from  the  mirror  ;  they  are  rclleuted  at  the  same  angle  through  the  mouth  into  the  eye  of 
the  observer,  who  must  place  himself  in  the  direction  of  the  rellected  rays. 

The  illumination  of  the  larynx  is  accomplished  either  by  means  of  direct  sunlight  or  by  light 
from  an  artilicial  source,  e.g.,  an  ordinary  km]),  an  oxyhydrogen  lime-light,  or  the  electric  light. 
The  beam  of  li'dit  impinges  upon  a  cuacave  mirror  of  15  to  20  centimetres  locus,  and  10  centi- 
metres in  width,  and  from  its  surface  the  concentrated  beam  of  light  is  rellected  through  the 
mouth  of  the  patient,  and  directed  upon  the  small  mirror  held  in  the  back  part  of  the  throat. 
The  beam  of  li'dit  is  reflected  at  the  same  angle  towards  the  larynx  by  the  small  throat  mirror, 
so  that  the  larynx  is  brightly  illuminated.    The  observer  has  now  to  direct  his  eye  m  the  same 


Fig.  360. 
Method  of  examining  the  larynx. 

dirpni-ion  as  the  illuminating  rays,  which  can  be  accomplished  by  having  a  hole  in  the  centre  of 

^BrBzi^^'i^^^^^r^  £tSi  t^^"  =s 

In  order  to  examine  the  larynx,  place  the  patient 
immediately  in  front  of  you,  and  cause  him  to  open  his 
mouth  and  protrude  his  tongue.  A  lamp  is  placed  at 
the  side  of  the  head  of  the  patient,  and  light  from  this 
source  is  reflected  from  the  concave  mirror  on  the  ob- 
server's forehead,  and  concentrated  upon  the  laryngo- 
scopic  mirror  introduced  into  the  back  part  of  the 
throat  of  the  patient  (fig.  360). 

Oertel  was  able  by  means  of  a  rapid  intermittent 
illnmination  of  the  larynx  through  a  stroboscopic  disc, 
to  study  the  movements  of  the  vocal  cords  directly 
with  the  eye.    Simanowsky  put  a  photographic  camera 
in  the  position  of  the  eye,  and  photographed  the  move- 
ments of  the  vocal  cords  of  an  artificial  larynx.  [Brown 
and  Behnke  have  photographed  the  human  vocal  cords.  J 
Laryngeal  Electrodes. -V.  Ziemssen  introduces  long 
narrow  electrodes  into  the  larynx,  to  stimulate  the 
IX,  as  seen  witn  tne-iaryngo-  muscles  and  study  their  acttons.  ^^^ossbach  finds  tnat 
scope.    L.,  tongue ;  E.,  epiglottis ;  F.   the  muscles  and  nerves  of  the  mterior  of  the  lar^  nx 
valleculla;iJ.,glottis;i.u,truevocal  may  be  stimulated  by  stimulating  t  e  skn^^ 
cords;  SJL,  sinus  Morgngni ;  L.v.s.,  pcrcutaneously.    Those  methods  are  used  both  lor 


Fig.  361. 

The  larynx,  as  seen  with  the-laryngo- 


giij^ui,  -u. f.o. ,  pcrcuuiueuLisij.     j-.iuo^  — 
false  'vocal  '  cords  ;   P.,  position  of  physiological  and  therapeutical  purposes, 
pharynx  ;  S.,  cartilage  of  Santorini ;      tj;„4.  „  „f        T.arvnv. — Pis.  3C 


IV.,  of  Wrisbcrg ;  ^>.,sinuspiriformes. 


Picture  of  the  Larynx.-rig.  361  shoxvs  the 
followmg   structures  the  root  of  the 

tongue  with  the  ligamentum  glosso-epiglotticum  continued  from  its  -"^ddl^^ 
each  lie  of  the  latter  are  V.V.,  the  so-called  valleadce.    The  eptglotU^  {E.)  appears 
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Jike  an  arched  upper  lip ;  under  it,  during  normal  respiration,  are  the  lancet-shaped 
f/lottis  {R.)  and  on  each  side  of  it  the  time  vocal  cords  (L.v).  The  length  of  the 
Vocal  cord  in  a  child  is  6  to  8  mm.,  in  the  female  10  to  15  mm.  when  they  are 
relaxed,  and  15  to  20  mm.  when  tense.  In  man,  the  lengths  under  the  same  con- 
ditions are  15  to  20  mm.  and  20  to  25  mm.  The  breadth  varies  from  2  to  6  mm. 
On  the  external  side  of  each  vocal  cord  is  the  entrance  to  the  sinus  of  Morgagni 


Fig.  362. 

Position  of  the  vocal  cords  on  uttering  a 
high  note. 


Fig.  363. 

View  of  the  rings  and  bifurcation  of 
trachea. 


(S.M.),  represented  as  a  dark  line.  Further  upwards  and  more  external  are  (L.v.s.) 
the  upper  or  false  vocal  cords.  [The  upper  or  false  vocal  cords  are  red,  the  lower  or 
true,  white.]  On  each  side  of  F.  are  (S.S.),  the  apices  of  the  cartilccges  of  San- 
toriiii,  placed  upon  the  apices  of 
the  arytenoid  cartilages,  while 
immediately  behind  is  the  wall  of 
the  pharynx,  P.  In  the  aryteno- 
epiglottidean  fold  are  {W.W.)  the 
caHilages  of  Wrisberg,  while  out- 
side these  are  the  depressions  {S.p.) 
constituting  the  sinus  piriformes. 

During  normal  respiration,  the 
glottis  has  the  form  of  a  lancet- 
shaped  slit  between  the  bright, 
yellowish-white,  vocal  cords  (fig. 
362).  If  a  deep  inspiration  be 
taken,  the  glottis  is  considerably 
widened  (fig.  363),  and  if  the 
mirror  be  favourably  adjusted  we 
may  see  the  rings  of  the  trachea, 
and  even  the  birfurcation  of  the 
trachea. 

If  a  high  note  be  uttered,  the 
is  contracted   to  a  very 
narrow  slit  (fig.  362). 

Ehinoscopy. — If  a  small  mirror,  fixed 
to  a  handle  at  an  angle  of  100°  to  110°, 
be  introduced  into  the  pharynx,  as 
shown  in  fig.  364,  and  if  the  mirror  be 
directed  icpivards,  certain  structures  are  .  .  ^'^S-  364. 

with  difficultyrendered  visible  (tig.  365).  Position  of  the  laryngoscopic  mirror  in  rhinoscopy, 
la  the  middle  is  the  septum  narium  (S.n.),  and  on  each  side  of  it  the  long  oval  large  posterior 
nares  {Ch  )  below  this  the  soft  ncdatc  {P.m.),  with  the  pendant  uvula  {U.).  In  the  posterior 
nares  are  the  posterior  extremities  of  the  lower  {O.i.),  middle  (Cm.),  and  upper  turhinated  bones 
{C.s. ).  At  the  upper  part,  a  portion  of  the  roof  of  the  pharynx  {O.E. )  is  seen,  with  the  arched 
masses  of  adenoid  tissue  lying  between  the  openings  of  the  JEustachian  tubes  {T.T.),  and  called 
,Iht^^  V  'S^pmi'i  ^""^.f  •  ,  External  to  the  openings  of  tlie  Eustachian  tube  is  the 

tubular  eminence  ( W. ),  and  outside  this  is  the  groove  of  KosenmiiUer  {R.). 


glottis 
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CONDITIONS  INFLUENCING  THE  LARYNGEAL  SOUNDS, 


Experiments  on  the  Larynx. -Ferrc-in  (§  741)  and  Joli.  Sliiller  made  expenments  upon  the 
<-kM  l  irvn^  A  tracheal  tube  was  tuul  into  the  excised  human  larynx,  and  air  was  blown 
through  it  tiie  pressure  being  measured  by  means  of  a  mercurial  manometer,  while  various 
thiough  It,  Uie  piebsuio        y  arrangements  were  adopted  lor  i.utting  the  vocal 

 -      -  cords  on  the  stretch  and  I'or  opening  or  closing  the 

glottis. 

315  CONDITIONS  INFLUENCING 
THE  LARYNGEAL  SOUNDS.— The  pitch 
of  the  note  emitted  by  the  larynx  depends 

upon : —  ,  «    J  . 

1.  The  Tension  of  the  Vocal  Cords,  i.e., 

upon  the  degree  of  contraction  of  the  crico- 
thyroid and  posterior  crico-arytenoid  muscles, 
and  also  of  the  internal  thyro-arytenoids 
(S  313,  XL,  4). 

2.  The  Length  of  the  Vocal  Cords.— 
(a)  Children  and  females  with  short  vocal 

Fig.  365.  ^         cords  produce  high  notes,    {b)  If  the  ary- 

Compositc  rhinoscopic  view.    S.n.,  Septum  ^^^^^^-^^  cartilages  are  pressed  together  by  the 
namim;        p-^''-',^-'-'}^'!''^  of  the  arytenoid  muscles  (transverse 

.    chlLnSr"^-:^in^c^^^        oblique),  so'that^  the  yocal  cords^alone 


groove 


of   Rosenmiiller ;    P.m.,   Softball  vibrate,  while  their  intercartilagmous 


palate;  oViJ. ,  roof  of  pharynx ;  Z7.,  uvula.  pQ^.j-jong  lying  between  the  processus  vocales 
do  not,  the  tone  thereby  produced  is  higher  (Garcia).  In  the  production  of  low 
otes  the  vocal  cords,  as  well  as  the  margins  of  the  arytenoid  cartilages  vibrate 
S  the  same  time  the  space  above  the  entrance  to  the  glottis  is  enlarged  and  the 
ia^vnx  becomes  more  prominent,  (c)  Every  individual  has  a  certain  medium  pitch 
of  his  voTce  which  corresponds  to  the  smallest  possible  tension  of  the  intrinsic 

The'steS  the  Blast.-That  the  strength  of  the  blast  from  below  raises 
the  pitch  of  the'tones  of  the  human  larynx  is  shown  by  the  fact  tha^  .les^o^^^^^^^ 
biffhest  Ditch  can  only  be  uttered  by  powerful  expiratory  efforts.  )Uth  tones  ot 
pSi,  the  pressure  of  the  afr  In  the  trachea  is  160  mm  wi^h  %A  pitch 
900  mm  and  with  verv  high  notes  945  mm.,  and  in  whisi>ermg  30  mm.  oi  water 
(?LT«So.r).  These  results  were  obtained  in  a  case  of  tracheal  hstula 
Accessory Phenomena._Thefollowinpsyet but  parti^^^^^^ 

in  connection  with  the  production  o  l"gli.".ot^%=-^)  f-^  *^';£f^\°eea  inci4ased  intra- 

is  elevated,  partly  because  t'^'l'^^'^.T^. Vlfp  InTvnx  is^the  eby  ^  the  uvula  is  raised 

tracheal  pressure  so  lengthens  the  trachea,  *f  J^^\y^;;!',J;^'t3  ^^ach  more  and  more, 
more  and  more  {Lalus).    (6)  The  upper  vocal  coihIs  «Pf  °f "  '  ^^^^^^     (,)  The  epiglottis 

without,  however,  coming  into  contact,  or  participatmg  in  the  vibiations.    K-)  ^  PS 
inclines  more  and  more  backwards  over  the  glottis. 

4  The  falsetto  voice  with  its  soft  timbre  and  the  absence  of  resonance  or 
pectiaf  — in'the  air-tubes  is  particularly  f --^t^rn^fol" 
Ling  the  falsetto  voice,  the  vocal  cords  vibrated  so  as^    ^^^^^V^^^  th^^ 

a  mrSal  contraction  of  the  fibres  of  the  thyro-ai7tenoid  muscle  (p.  ol^.  at 
^hrime  time  the  vocal  cords  must  be  reduced  to  -  ^^^-J^^^^^^S^^^^^^^ 
the  action  of  the  crico-thyroid  posterior  f ry  enou^,  tl^ro-       genio  ^^^^^ 
in^TtPl\     The  form  of  the  glottis  is  elliptical,  while  witu  tne  cuebL  w 
iordf  ie  Umited  by  straight  surfaces ;  the  air  also  passes  more  freely  through  the 

larynx. 


EANGE  OF  THE  VOICE. 


Oertel  also  found  that  during  the  falsetto  voice  the  epiglottis  is  erect.  The  apices  oi'  the 
arytenoid  cartila^'cs  are  slightly  inclined  backwards,  the  whole  larynx  is  larger  Irom  before 
backwards,,  and  narrower  from  side  to  side,  the  aryepiglottidean  folds  are  tense  with  sharp 
maro-ins  and  the  entrance  to  the  ventricles  of  i\lorgagiii  is  narrowed.  The  vocal  cords  are 
nai-TOwer  the  processus  vocales  touch  each  other.  Tlie  rotation  of  the  arytenoid  cartilages 
necessary  for  this  is  brought  about  by  the  action  of  the  crico-arytenoid  alone,  while  the  thyro- 
arytenoid is  to  be  regarded  only  as  an  accessory  aid.  The  pitch  of  the  note  is  increased  solely  by 
increased  tension  of'^tho  vocal  cords.  In  addition,  tliere  are  a  number  of  transverse  and  \ougi- 
tndina,\  2)artial  vibrations.  During  the  chest-voice,  a  smaller  part  of  the  margin  vilnutes  than 
in  the  falsetto  voice,  so  that  in  the  production  of  the  latter  we  are  conscious  of  less  muscular 
exertion  in  the  larynx.    The  uvula  is  raised  to  the  horizontal  position.  ' 

Production  of  Voice. — In  order  that  voice  be  produced,  the  following  conditions 
are  necessary: — (1)  The  necessary  amount  of  air  is  collected  in  the  chest;  (2)  the 
larynx  and  its  parts  are  fixed  in  the  proper  position ;  (3)  air  is  then  forced  by  an 
expiratory  effort  either  through  the  linear  chink  of  the  closed  glottis,  so  that  the 
latter  is  forced  open,  or  at  first  some  air  is  allowed  to  pass  through  the  glottis 
without  producing  a  sound,  but  as  the  blast  of  air  is  strengthened  the  vocal  cords 
are  thrown  into  vibration. 


316.  RANGE  OF  THE  VOICE.— The 
notes  is  given  in  the  following  scheme  :— 

256 


range  of  the  human  voice  for  chest 


Soprano. 


1024 


171 


Alto. 


684 


EFGAB 


c  d  e  f  g  a  b 


c'  d'  e'  f  g'a'b'l 


c"  d"  e"  f"  g" 

I 


b"  c" 


80 


Bass. 


342 


128  Tenor.  512 

The  accompanying  figures  indicate  the  number  of  vibrations  per  second  in  the  corresponding 
tone.  It  is  evident  that  from  c'to  /'  is  common  to  all  voices,  nevertheless,  they  have  a  different 
timbre.  The  lowest  note  or  tone,  which,  however,  is  only  occasionally  sung  by  bass  singers,  is 
the  contra- F,  with  42  vibrations — the  highest  note  of  the  soprano  voice  is  «"',  with  1708 
vibrations. 

Timbre. — The  voice  of  every  individual  has  a  peculiar  quality,  clang,  or  timbre, 
which  depends  upon  the  shape  of  all  the  cavities  connected  with  the  larynx.  In 
the  production  of  nasal  tones,  the  air  in  the  nose  is  caused  to  vibrate  strongly,  so 
that  the  entrance  to  the  nares  must  necessarily  be  open. 

317.  SPEECH— THE  VOWELS.— The  motor  processes  connected  with  the  pro- 
duction of  speech  occur  in  the  resonating  cavities,  the  pharynx,  mouth,  and  nose, 
and  are  directed  towards  the  production  of  musical  tones  and  noises. 

Whispering  and  Audible  Speech. — When  sounds  or  noises  are  produced  in  the 
resonating  chambers,  the  larynx  being  passive,  the  vox  clandestina,  or  whispering 
is  produced  ;  when  the  vocal  cords,  however,  vibrate  at  the  same  time,  "  audible 
speech"  is  produced.  [Whispering,  therefore,  is  speech  without  voice.]  Whisper- 
ing may  be  fairly  loud,  but  it  requires  great  exertion,  i.e.,  a  great  expiratory  blast, 
for  its  production ;  hence  it  is  very  fatiguing.  It  may  be  performed  both  with 
inspiration  and  expiration,  while  audible  speech  is  but  temporary  and  indistinct,  if 
it  is  produced  during  inspiration.  Whispering  is  caused  by  the  sound  produced  by 
the  air  passing  over  the  obtuse  margins  of  the  cords.  During  the  production  of 
audible  sounds,  however,  the  sharp  margins  of  the  vocal  cords  are  directed  towards 
the  air  by  the  position  of  the  processus  vocales. 

During  speech  the  soft  palate  is  in  action ;  at  each  word  it  is  raised,  while  at  the  same  time, 
Passavant's  transverse  band  is  formed  in  the  pharynx  (§  156).    The  soft  i>alate  is  raised  highest 
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whom  u  and  i  are  souudud,  then  with  o  and  c,  and  least  with  a.  When  sounding  m  and  n  it 
does  not  move  ;  it  is  high  (like  n)  during  the  utterance  of  the  explosives.  With  1,  b,  and 
especially  with  the  gutternl  r,  it  exhibits  a  trembling  movement  {Gcnlzen,  FaUcson). 

Speech  is  composed  of  vowels  and  consonants. 

A.  Vowels  (analysis  and  artificial  formation,  §  415). — A.  During  whispering, 
a  vowel  is  the  musical  tone  produced,  either  during  expiration  or  inspiration,  by 
the  inflated  characteristic  form  of  the  mouth,  which  not  only  has  a  definite  pitch, 
but  also  a  particular  and  characteristic  timbre.  The  characteristic  form  of  the 
mouth  may  be  called  "vowel-cavity." 

I.  The'pitch  of  the  vowels  may  be  estimated  musically.  It  is  remarkable  that  the  funda- 
mental tone  of  the  "vowel-cavity"  is  nearly  constant  at  diftercut  ages  aud  in  the  sexes.  The 
different  capacities  of  the  mouth  can  be  compensated  for  by  different  sizes  of  the  oral  aperture. 
The  pitch  of  the  vowel-cavity  may  be  estimated  by  jjlacing  a  number  of  vibrating  tunmg-forks 
of  different  pitch  in  front  of  the  moutli,  and  testing  them  until  we  find  the  one  which 
corresponds  with  the  fundamental  tone  of  the  vowel-cavity.  This  is  known  by  the  iact,  that 
the  tone  of  the  tuning-fork  is  intensified  by  the  resonance  of  the  air  in  the  mouth,  or  the 
vibrations  may  be  transferred  to  a  vibrating  membrane  and  recorded  on  a  smoked  surface,  as  m 
the  phonautograph  of  Bonders. 

According  to  Konig,  the  fundamental  tones  of  the  vowel-cavity  are  for 
U  =  b,  0  =  b',  A  =  b",  E  =  b"',  I  =  b"". 

If  the  vowels  be  whispered  in  this  series,  we  find  at  once  that  their  pitch  rises. 
The  fundamental  tone  in  the  production  of  a  vowel  may  vary  within  certain  limits. 
This  may  be  shown  by  giving  the  mouth  the  characteristic  position  and  then  per- 
cussing the  cheeks  (Aiierbach) ;  the  sound  emitted  is  that  of  the  vowel,  whose  pitch 
will  vary  accordingly  to  the  position  of  the  mouth. 

When  sounding  A,  the  mouth  has  the  form  of  a  funnel  widening  in  front  (fig.  366,  A).  The 
tongue  lies  in  the  floor  of  the  mouth,  aud  the  lips  are  wide  open.    The  soft  palate  is  moderately 


Fig.  366. 


Section  of  the  parts  concerned  in  phonation.    Z,  tongue  ;  p  soft  palate  ;     epiglottis  ;  g, 
glottis  ;  h,  hyoid  bone  ;  1,  thyroid,  2,  3  cricoid,  4,  arytenoid  cartilage. 

raised  {Czcrmak).    It  is  more  elevated  successively  with  0  E,      I  ,Tbe  hyoid  b^^^^^ 
as  if  at  rest,  but  the  larynx  is  slightly  raised.    It  is  higher  than  with  U,  but  lower  j^^n^  ""^^ 
ff  we  sound  A  to  I,  the  larynx^and  the  hyoid  bone  retain  their  '"^^f  ^Te 
raised     In  nassing  from  A  to  U,  the  larynx  is  depressed  as  far  as  possible,    ihe  ^JOi^ 
msscs  slightly  forward  {Briicke).    When  'sounding  A,  the  space  between  the  laryrix 
wall  of  the  phaiynx,  soft  palate,  and  the  root  of  the  tongue,  is  only  moderately  wide ,  it 
becomes  w  ider  with  E,  and  especially  with  I  (Picrbinjc),  but  it  is  smallest  with  U. 

US       '.S£!t;  J™.g,d  i«  'o»'^/^iff,'l^/zZ\\n!^SR 

The  larynx  is  depressed  as  far  as  possible,  while  the  root  of  the  tongue  is  appiu.x 
^/hT— fMVilSr.:  St  is  like  .  ^de.Mli=d  flask        .  short  »eck,  W  the 
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latter  is  shorter  and  wider  as  the  lips  are  nearer  to  the  teeth.    The  larynx  is  slightly  higher 
than  with  U  while  the  resonance  chambers  also  are  shorter  (hg.  3bb). 
"wJn^oldingI,thecavity  of  the  mouth.at  the  po^'w  part,  :s  m  tt. 


The  cavitv  between  tne  naru  paiato  ami  one  uai,iv      vnx^  ^unguu  10  ^..^---^ — p.j  -----     ,  _ 
be  n-  onh^  a  median  narrow  slit.    Hence,  the  air  can  only  enter  with  a  clear  piping  noise, 
which  sets  even  the  vertex  of  the  sknll  in  vibration,  and  when  the  ears  are  stopped  the  sounds 
seem  very  shrill.    When  the  larynx  is  depressed  and  the  hps  protruded,  as  lor  sounding  U,  I 

'^'^When ''sounding  E,  which  stands  next  to  I,  the  cavity  has  also  the  form  of  a  flask  with  a 
small  belly  (fundamental  tone,  f),  and  with  a  long,  narrow  neck  (fundamental  tone,  b  ).  I  he 
neck  is  wider,  so  that  it  does  not  give  rise  to  a  piping  noise.    The  larynx  is  slightly  lower 

than  for  I,  but  not  so  high  as  for  A.  ,     t   *   tt  ..1  14-1  „„nn^ 

Fundamentally,  there  are  only  threo  primary  vowels— I,  A,  U,  the  others  and  the  so-callea 
diphthongs  standing  between  them  (Brucke). 

Diphthongs  occur  when,  during  vocalisation,  we  pass  from  the  position  of  one 
vowel  into  that  of  another.  Distinct  diphthongs  are  sounded  only  on  passing  from 
one  vowel  with  the  mouth  wide  open  to  one  with  the  mouth  narrow ;  during  the 
converse  process,  the  vowels  appear  to  our  ear  to  be  separate  (Briicke). 

II.  Timbre  or  Clang-Tint.— Besides  its  pitch,  every  vowel  has  a  special  timbre, 
quaUty,  or  clang-tint. 

The  vocal  timbre  of  U  (whispering)  has,  in  addition  to  its  fundamental  tone,  b,  a  deep 
piping  timbre.  The  timbre  depends  upon  the  number  and  pitch  of  the  partials  or  overtones  of 
the  vowel  sound  (§  415).  t 

Nasal  Timbre.— The  timbre  is  modified  in  a  special  manner  when  the  vowels  are  spoken  witli 
a  "  nasal "  twang,  which  is  largely  the  case  in  the  French  language.  The  nasal  timbre  is 
produced  by  the  soft  palate  not  cutting  off  the  nasal  cavity  completely,  which  happens  every 
time  a  pure  vowel  is  sounded,  so  that  the  air  in  the  nasal  cavity  is  thrown  into  sympathetic 
vibration.  When  a  vowel  is  spoken  with  a  nasal  timbre,  air  passes  out  of  the  nose  and  mouth 
simultaneously,  while  with  a  pure  vowel  sound,  it  passes  out  only  through  the  mouth. 

When  sounding  a  pure  vowel  (non-nasal),  the  shutting  off  of  the  nasal  cavity  from  the  mouth 
is  so  complete,  that  it  requires  an  artificial  pressure  of  30  to  100  mm.  of  mercury  to  overcome 
it  (Eartmann). 

The  vowels,  a,  a  (te),  6  (ce),  0,  e,  are  used  with  a  nasal  timbre — a  nasal  i  does  not  occur  m 
any  language.  Certainly  it  is  very  difficult  to  sound  it  thus,  because  when  sounding  i,  the 
mouth  is  so  narrow  that  when  the  passage  to  the  nose  is  open,  the  air  passes  almost  completely 
through  the  latter,  whilst  the  small  amount  passing  through  the  mouth  scarcely  suffices  to 
produce  a  sound. 

In  sounding  vowels,  we  must  observe  if  they  are  sounded  through  a  previously  closed  glottis, 
as  is  done  in  the  German  language  in  all  words  beginning  with  a  vowel  (spiritus  lenis).  The 
glottis,  however,  may  be  previously  opened  with  a  preliminary  breath,  followed  by  the  vowel 
sound  ;  we  obtain  the  aspirate  vowel  (spiritus  asper  of  the  Greeks). 

B.  If  the  vowels  are  sounded  in  an  audible  tone,  i.e.,  along  with  the  sound  from 
the  larynx,  the  fundamental  tone  of  the  vocal  cavity  strengthens  in  a  characteristic 
manner  the  corresponding  partial  tones  present  in  the  laryngeal  sound  ( Wheatstone, 
u.  Helmholtz). 

318.  CONSONANTS.— The  consonants  are  noises  which  are  produced  at 
certain  parts  of  the  resonance  chamber.  [As  their  name  denotes,  they  can  only  be 
sounded  in  conjunction  with  a  vowel.] 

Classification. — The  most  obvious  classification  is  according  to — (I.)  Their  acoustic  properties, 
so  that  they  are  divided  into — (1)  liquid  consonants,  i.e.,  .such  as  are  appreciable  without  a 
vowel  (m,  n,  1,  r,  s) ;  (2)  mutes,  including  all  the  others,  which  cannot  be  distinctly  heard 
without  an  accompanying  vowel.  (II.)  According  to  their  mecJianism  of  formation,  as  well  as 
the  type  of  the  organ  of  speech,  by  which  they  are  produced.    They  are  divided  into — 

1.  Explosives. — Their  enunciation  is  accompanied  by  a  kind  of  bursting  open  of  an  obstacle, 
or  an  explosion,  occasioned  by  the  "confined  and  compressed  air  which  causes  a  stronger  or  weaker 
noise ;  or,  conversely,  the  current  of  air  is  suddenly  interriq^tcd,  while,  at  the  same  time,  the 
nasal  cavities  are  cut  off  by  the  soft  palate. 

2.  Aspirates,  in  which  one  part  of  the  canal  is  constricted  or  stopped,  so  that  tlie  nir  rushes 
out  through  the  constriction,  causing  a  faint  whistling  noise.    (The  nasal  cavity  is  cut  off.)  In 
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uttering  L,  which  is  closely  rolatetl  to  the  aspirates,  but  ilifTers  from  them  in  that  the  narrow 
passage  for  the  rush  of  iiir  is  not  in  the  middle,  hut  at  both  sides  of  the  middle  of  the  closed 
part.    (The  nasiil  cavity  is  shut  oil") 

3.  Vibratives,  which  arc  jiroduced  by  air  being  forced  through  a  narrow  portion  of  the  canal, 
so  that  the  luargius  of  the  narrow  tube  are  set  in  vibration.    (The  nasal  cavity  is  shut  off.) 

4.  Resonants  (also  called  nasals  or  semi-vowels).  The  nasal  cavity  is  completely  free,  while 
the  vocal  canal  is  completely  closed  in  the  front  part  of  the  oral  channel.  According  to  the 
position  of  the  obstruction  in  the  oral  cavity,  the  air  in  a  larger  or  smaller  portion  of  the  mouth 
is  thrown  into  sympathetic  vibration. 

We  may  also  classify  them  according  to  the  position  in  which  iliey  are  produced 
— the  "  articulation  positions  "  of  Brlicke.    These  are  : — 

A.  Between  both  lips  ;  B,  between  the  tongue  and  the  hard  palate  ;  C,  between 
the  tongue  and  the  soft  palate  ;  D,  between  the  true  vocal  cords. 

A.  Consonants  of  the  First  Articulation  Position. 

1.  Explosive  Labials.— b,  the  voice  is  sounded  before  the  slight  explosion  occurs;  p,  the 
voice  is  sounded  after  the  much  stronger  explosion  has  taken  place  {Kcmpelcn).  [The  former 
is  spoken  of  as  "  voiced  '\  and  the  latter  as  "breathed."] 

2.  Aspirate  Labials.— f,  between  the  upper  incisor  teeth  and  the  lower  lip  (labiodental).  It 
is  absent  in  all  true  Slavic  words  (Purkine)  ;  v,  between  both  lips  (labial) ;  w  is  formed  when 
the  mouth  is  in  the  position  for  f,  but  instead  of  merely  forcing  in  the  air,  the  voice,  is  sounded 
at  the  same  time.  Really  there  are  two  different  w— one  corresponding  to  the  labial  f,  as  in 
wiirde,  and  the  labiodental,        quelle  (jSritcfo). 

3.  Vibrative  Labials.— The  burring  sound,  emitted  by  grooms,  but  not  used  m  civilised 

^^T' Resonant  Labials.  — m  is  formed  essentially  by  sounding  the  voice  whereby  the  air,  in  the 
mouth  and  nose,  is  thrown  into  sympathetic  vibration  ["voiced "]. 

B.  Consonants  of  the  Second  Articidation  Position. 
1   The  explosives,  when  enunciated  sharply  and  without  the  voice,  are  T  hard  (also  dt  and 
th) ;  when  they  are  feeble  and  produced  along  with  simultaneous  laryngeal  sounds  (voice),  we 

^^T  The°aspirates  embrace  S,  including  s  sharp,  written  s  s  or  s  z,  which  is  produced  without 
anv  audible  laryngeal  vibration  ;  or  soft,  which  requires  the  voice.  Then,  also,  there  are  modi- 
fications accordinlto  the  position  where  the  noises  are  prodiiced.  The  sharp  aspirates  include 
Sch,  and  the  hard  English  Th  ;  to  the  soft  belong  the  French  J  soft,  and  the  En-lish  Th  soft. 
L,  which  occurs  in  many  modifications,  appears  here,  e.g.,  the  L  soft  of  the  French.  L  may  be 
sounded  soft  with  the  voice,  or  sharp  without  it.  i„^„,. 

3.  The  vibrative,  or  R,  which  is  generally  voiced,  but  it  can  be  formed  without  the  larynx. 

The  resonants  are  N-sounds,  which  also  occur  in  several  modifications. 

C.  Consonants  of  the  Third  Articulation  Position. 

1.  The  explosives  are  the  K-sounds,  which  are  hard  and  breathed  and  not  voiced  ;  G-sounds, 

Thra^spkates,  when  hard  and  breathed  but  not  voiced,  the  Oh,  and  when  sounded  softly 

and  not  voiced,  J  is  formed.  .,    ,.       r-.i         ^   i-d  ••„7..,^ 

3.  The  vibrative  is  the  palatal  R,  which  is  produced  by  vibration  of  the  uvula  [Brucke). 

4.  The  resonant  is  the  palatal  N. 

D.  Consonants  of  the  Fourth  Articulation  Positioii.  , 

1.  An  explosive  sound  does  not  occur  when  the  glottis  is  forced  open,  if  a  ^"^^^l  is  loudly 
sounded  with  the  glottis  previously  closed.  If  this  occurs  during  whispermg,  a  feeble  sho.t 
noise,  due  to  the  sudden  opening  of  the  glottis,  may  be  heard. 

2.  The  aspirates  of  the  glottis  are  the  H-sounds,  which  are  produced  when  the  glottis  is 

"'°3'!'A^iottiSibrative  occurs  in  the  so-called  laryngeal  R  of  lower  Saxon  (Brucke). 

4   A  larvngeal  resonant  cannot  exist.  ,  .     ,  •   <.„  „o-,o<. 

The  combination  of  different  consonants  is  accomplished  by  the  successive  '^ovemcnte  ii^^^^^^ 
saiT  for  each  being  rapidly  executed.  Compound  consonants,  however,  ^^'^f  ^i^^^^J 
whin  the  oral  part's  are  adjusted  simultaneously  for  two  diffei^ent  consonants,  so  that  a  mi-xed 
sound  is  formed  from  two.    Examples  :  Sch— tsch,  tz,  ts— Ps  (4,)— Ks  (A=). 

QIQ  PATHOLOGICAL  VARL^TIONS  OF  VOICE  AND  SPEECH. -Aphonia. -Paralyg  of 
the  Soi  nerves  (vagus)  of  the  larynx  by  injury,  or  the  pressure  of  tumours,  ^^"ses  aphonia  01 
Sss  of  voice  (Galen):  In  aneurism  of  the  aortic  arch,  the  left  i^current  X^li^^Sn  Jvc^^^^^^^^^^^^ 
from  pressure.    The  laryngeal  nerves  may  be  temporarily  paralysed  by  rheumatism,  over  exer 
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tion  and  hvstcria  or  by  serous  effusions  into  the  laryngeal  muscles.   If  the  tensors  are  paralysed, 
So  o2-i   the'  chie^^  result :  the_  disturbances  of  respiration  i"  l-''^^-  °*  t;t  ^s^^oL  a's 
J.         A„  i«,„r  na  tlift  vflsv)  ratlou  IS  trnuquil,  there  may  be  no  disturbance,  Dui  as  soon  as 
•rri^res^i^atr^cS^^^  clyspncca  sV'in.  o.ing^o  the  inability  of  the  glottis  to 

'^'k  milv  one  vocal  cord  is  paralysed,  the  voice  becomes  impure  and  falsetto-like  while  we  may 
feel  from  wiS  th^  there  is  less  vibration  on  the  paralysed  side  {Gcrhardl).  Sometimes 
t£  vocal  cords  are  only  so  far  paralysed  that  they  do  not  move  during  phonation,  but  do  so 
durin-  forced  respiration  and  during  coughing  (phonetic  paralysis).  _ 

iMongia. -Incomplete  unilateral  paralysis  of  the  recurrent  nerve  is  sometimes  fol  owed 
bv  a  double  tone,  owing  to  the  unequal  tension  of  the  two  vocal  cords.  According  to  lurck 
and  Schnitzler  however,  the  double  tone  occurs  when  the  two  vocal  cords  touch  at  some  part 
of  their  course '(c  g.,  from  the  presence  of  a  tumour,  fig.  367),  so  that  the  glottis  is  divided  into 
two  unequal  portions,  each  of  which  produces  its  own  sound.  „.  ,  p 

Hoarseness  is  caused  by  mucus  upon  the  vocal  cords,  by  roughness,  swelling,  or  laxness  ot 
the  cords  If,  while  speaking,  the  cords  are  approximated,  and  suddenly  touch  each  other, 
the  "speech  is  broken."  owing  to  the  formation  of  nodal 
points  (§  352).  Disease  of  the  pharynx,  naso-pharyugeal 
cavity,  and  uvula  may  produce  a  change  in  the  voice  reflexly. 

Paralysis  of  the  soft  palate  (as  well  as  congenital  per- 
foration or  cleft  palate)  causes  a  omml  timbre  of  all  vowels ; 
the  former  renders  difficult  the  normal  formation  of  con- 
sonants of  the  third  articulation  position  ;  resonance  is 
imperfect,  while  the  explosives  are  weak,  owing  to  the  escape 
of  the  air  through  tlie  nose. 

Paralysis  of  the  tongue  weakens  I ;  E  and  A  {M)  are  less 
easily  pronounced,  while  the  formation  of  consonants  of  the 
second  and  third  articulation  position  is  affected.    The  term  Fig.  36/. 

aphthongia  is  applied  to  a  condition  in  which  every  attempt  Tumours  on  the  vocal  cords  causing 
to  speak  is  followed  by  spasmodic  movements  of  the  tongue     double  tone  from  the  larynx. 

(Fleury).  •,  ,    i    n  x  xi,  r 

In  paralysis  of  the  lips  {facial  nerve),  and  in  hare-lip,  regard  must  be  had  to  the  tormatiou 
of  consonants  of  the  first  articulation  position.  When  the  nose  is  closed,  the  speech  has  a 
characteristic  sound.  The  normal  formation  of  resonants  is  of  course  at  an  end.  After  excision 
of  the  larynx,  a  metal  reed,  enclosed  in  a  tube,  and  acting  like  an  artificial  larynx,  is  introduced 
between  the  trachea  and  the  cavity  of  the  mouth  {Czcrny). 

Stammering  is  a  disturbance  of  the  formation  of  sounds.  [Stammering  is  due  to  long-con- 
tinued spasmodic  contraction  of  the  diaphragm,  just  as  hiccough  is  (§  120),  and,  therefore,  it  is 
essentially  a  spasmodic  inspiration.  As  speech  depends  upon  the  expiratoiy  blast,  the  spasm 
prevents  expiration.  It  may  be  brought  about  by  mental  excitement  or  emotional  conditions. 
Hence,  the  treatment  of  stammering  is  to  regulate  the  respirations.  In  stuttering,  which  is 
defective  speech  due  to  inability  to  form  the  proper  sounds,  the  breathing  is  normal.] 

320.  COMPAEATIVE— HISTORICAL.— Speech  may  be  classified  with  the  "expression  of 
the  emotions"  {Darwin).  Psychical  excitement  causes  in  man  characteristic  movements,  in 
which  certain  groups  of  muscles  are  always  concerned,  e.g.,  laughing,  weeping,  the  facial  ex- 
pression in  anger,  pain,  shame,  &c.  These  movements  afford  a  means  whereby  one  creature  can 
communicate  with  another.  Primarily  in  their  origin,  the  movements  of  expression  are  reflex 
motor  phenomena ;  when  they  are  produced  for  purposes  of  explanation,  they  are  voluntary 
imitations  of  this  reflex.  Besides  the  emotional  movements,  impressions  upon  the  sense-organs 
produce  characteristic  reflex  movements,  which  may  be  used  for  purposes  of  expression  {Gciger), 
e.g. ,  stroking  or  painful  stimulation  of  the  skin,  movements  after  smelliug  pleasant  or  unpleasant 
or  disagi-eeable  odours,  the  action  of  sound  and  light,  and  the  perception  of  all  kinds  of  objects. 

The  expression  of  the  emotions  occurs  in  its  simplest  form  in  what  is  known  as  expression  by 
means  of  signs  or  pantomime  or  mimicry.  Another  means  is  the  imitation  of  sounds  by  the 
organ  of  speech,  constituting  onamatopocsy ,  e.g.,  the  hissing  of  a  stream,  the  roll  of  thunder, 
the  tumult  of  a  storm,  whistling,  &c.  The  expression  of  speech  is,  of  course,  dependent  upon 
the  process  of  ideation  and  perception. 

The  occurrence  of  different  soitiuls  in  different  languages  is  very  interesting.  Some  languages 
{e.g.,  of  the  Hurons)  have  no  labials;  in  some  South  Sea  Islands,  no  laryngeal  sounds  are 
spoken  ;  /  is  absent  in  Sanscrit  and  Finnish  ;  the  short  c,  0,  and  the  soft  sibilants  in  Sanscrit ; 
d,  in  Chinese  and  Mexican  ;  s,  in  many  Polynesian  languages  ;  r,  in  Chinese,  &c. 

Voice  in  Animals. — Animals,  more  especially  the  higher  forms,  can  express  their  emotions 
by  facial  and  other  gestures.  The  vocal  organs  of  mammals  are  essentially  the  same  as  those 
of  man.  Special  resonance  organs  occur  in  the  orang-outang,  mandril,  macacus,  and  mycetes 
monkeys,  in  the  form  of  large  check  pouches,  which  can  be  inflated  with  air,  and  open  between 
the  larynx  and  the  hyoid  bone. 
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Birds  hiivo  an  upijor  (larynx)  and  a  lower  larynx  (syrinx) ;  the  latter  is  placed  at  the 
bifurcation  of  tlio  trachea,  and  is  the  true  vocal  organ.  Two  folds  of  mucous  membrane  (three 
in  singing  birds)  project  into  onch  bronclius,  and  are  rendered  tense  by  muscles,  and  are  thus 
adapted  to  serve  for  the  production  of  voice. 

Amongst  reptiles,  the  tortoises  produce  merely  a  sniliing  sound,  which  in  the  Emys  has  a 
peculiar  jiiping  character.  The  blind  snakes  are  voiceless,  the  chameleon  and  the  lizards  have 
a  very  feeble  voice;  the  caynmn  and  crocodile  emit  a  feeble  roaring  sound,  which  is  lost  in 
some  adults  owing  to  changes  in  the  larynx.  The  .snakes  have  no  special  vocal  organs,  but  by 
forcing  out  air  from  their  capacious  lung,  they  make  a  peculiar  hissing  sound,  which  in  some 
species  is  loud.  Amongst  amphibians,  the  frog  has  a  larynx  provided  with  muscles.  The 
sound  emitted  without  any  nmscular  action  is  a  deep  intermittent  tone,  while  more  forcible 
expiration,  with  contraction  of  the  laryngeal  constrictors,  causes  a  clearer  continuous  sound. 
The  male,  in  Rana  esculcnta,  has  at  each  side  of  the  angle  of  the  mouth  a  sound-bag,  which 
can  be  inllated  with  air  and  acts  as  a  resonance  chamber.  The  "croaking"  of  the  male  frog  is 
quite  characteristic.  In  Pipa,  the  larynx  is  provided  with  two  cartilaginous  rods,  which  are 
thrown  into  vibration  by  the  blast  of  air,  and  act  like  vibrating  rods  or  the  limbs  of  a  tuning- 
fork.  Some  fishes  emit  sounds,  either  jjy  rubbing  together  the  upper  and  lower  pharyngeal 
bones,  or  l)y  the  expulsion  of  air  from  the  swimming  bladder,  mouth,  or  anus. 

Some  insects  cause  sounds  partly  by  forcing  the  expired  air  through  their  stigmata  provided 
with  muscular  reeds,  which  are  thus  thrown  into  vibration  (bees  and  many  diptera).  The 
wings,  owing  to  the  rapid  contraction  of  their  muscles,  may  also  cause  sounds  (flies,  cockroach, 
bees).  The  Sphinx  atropos  (death-head  moth)  forces  air  from  its  sucking  stomach.  In  others, 
sounds  are  produced  by  rubbing  their  legs  on  the  wing-cases  (Acridium),  or  the  wing-cases  on 
each  other  (Gryllus,  locust),  or  on  the  thorax  (Cerambyx),  on  the  leg  (Gcotrupes),  on  the  abdomen 
or  the  margin  of  the  wing  (Nekrophorus).  In  Cicadaciae,  membranes  are  pulled  upon  by 
muscles,  and  are  thus  caused  to  vibrate.  Friction  sounds  are  produced  between  the  cephalo- 
thorax  and  the  abdomen  in  some  spiders  (Theridium),  and  in  some  crabs  (Paliuurus).  Some 
mollusca  (Pecten)  emit  a  sound  on  separating  their  shells. 

Historical. — The  Hippocratic  School  was  aware  of  the  fact  that  division  of  the  trachea 
abolished  the  voice,  and  that  the  epiglottis  prevented  the  entrance  of  food  into  the  larynx. 
Aristotle  made  numerous  observations  on  the  voice  of  animals.  The  true  cause  of  the  voice 
escaped  him  as  well  as  Galen.  Galen  observed  complete  loss  of  voice  after  double  pneumo- 
thorax, after  section  of  the  intercostal  muscles  or  their  nerves,  as  well  as  after  destruction  of 
part  of  the  spinal  cord,  even  although  the  diaphragm  still  contracted.  He  gave  the  cartilages 
of  the  larynx  the  names  that  still  distinguish  them  ;  he  knew  some  of  the  laryngeal  muscles, 
and  asserted  that  voice  was  produced  only  when  the  glottis  was  narrowed.  He  compared  the 
larynx  to  a  flute.  The  weakening  of  the  voice,  in  feeble  conditions,  especially  after  loss  of 
blood,  was  known  to  the  ancients.  Dodart  (1700)  was  the  first  to  explain  voice  as  due  to  the 
vibration  of  the  vocal  cords  by  the  aii-  passing  between  them. 

The  production  of  vocal  sounds  attracted  much  attention  amongst  the  ancient  Asiatics  and 
Arabians— less  amongst  the  Greeks.  Pietro  Ponce  (t  1584)  was  the  first  to  advocate  instruction 
in  the  art  of  speaking  in  cases  of  dumbness.  Bacon  (1638)  studied  the  shape  of  the  mouth  for 
the  pronunciation  of  the  various  sounds.  Kratzenstein  (1781)  made  an  artificial  apparatus  for 
the  production  of  vowel  sounds,  by  placing  resonators  of  various  forms  over  vibrating  reeds. 
Von  Kempelen  (1769  to  1791)  constructed  the  first  speaking-machine.  Rob.  Willis  (1828) 
found  that  an  elastic  vibrating  spring  gives  the  vowels  in  the  series— U,  0,  A,  E,  I— according 
to  the  depth  or  height  of  its  tone  ;  further,  that  by  lengthening  or  shortening  an  artificial 
resonator  on  an  artificial  vocal  apparatus,  the  vowels  may  be  obtained  in  the  same  scries.  The 
newest  and  most  important  investigations  on  speech  are  by  Wheatstone,  v.  Helmholtz,  Bonders, 
Briicke,  &c.,  and  are  mentioned  in  the  context.  Hensen  succeeded  in  showing  exactly  the 
pitch  of  vocal  tone,  thus :— The  tone  is  sung  against  a  Konig's  capsule  with  a  gas  fiame. 
Opposite  the  flame  is  placed  a  tuning-fork  vibrating  horizontally,  and  in  front  of  one  of  its 
limbs  is  a  mirror,  in  which  the  image  of  the  flame  is  reflected.  When  the  vocal  tone  is  of  the 
same  number  of  vibrations  as  the  tuning-fork,  the  flame  in  the  mirror  shows  one  elevation,  if 
double,  i.e.,  the  octave,  2,  and  with  the  double  octave,  i  elevations. 
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321.  STRUCTURE  OF  THE  NERVE  ELEMENTS.— The  nervous  elements 

present  two  distinct  forms  : — 

1.  Nerve-Fibres,  j  Nerve-Cells.  \  ^^/^^ 

(  Medullated.  (     and  lunctions. 

An  aggregation  of  nerve-cells  constitutes  a  nerve-ganglion.  The Jibres  represent 
a  conducting  apparatus,  and  serve  to  place  the  central  nervous  organs  in  connection 
with  peripheral  end-organs.  The  nerve-cells,  however,  besides  transmitting  impulses, 
act  as  2-)liysiolocjical  centres  for  automatic  or  reflex  movements,  and  also  for  the 
sensory,  perceptive,  trophic,  and  secretory  functions. 

I.  (1)  The  non-medullated  nerve-fibres  occur  in  several  forms  : — 

1.  Primitive  Fibrils. — The  simplest  form  of  nerve-fibre,  wliich  is  visible  with  a  magnifying 
power  of  500  to  800  diameters  linear,  consists  of  primitive  nerve-fibrils.  They  are  very  delicate 
fibres  (tig.  368,  1),  often  with  small  varicose  swellings  here  and  there  in  their  course,  which, 
however,  are  due  to  changes ^os<-??io?-te??i.  They  are  stained  of  a  brown  or  purplish  colour  by  the 
gold-chloride  method,  and  they  occur  when  a  nerve-fibre  is  near  its  termination,  being  formed 
by  the  splitting  up  of  the  axis-cj^linder  of  the  nerve-fibre,  e.[/.,  in  the  terminations  of  the  corneal 
nerves,  the  optic  nerve-layer  in  the  retina,  the  terminations  of  the  olfactory  fibres,  and  in  a  plexi- 
form  arrangement  in  non-striped  muscle  (p.  461).  Similar  fine  fibrils  occur  in  the  grey  matter 
of  the  brain  and  spinal  cord,  and  in  the  finely  divided  processes  of  nerve-cells. 

2.  Naked  or  simple  axial  cylinders  (fig.  368,  2),  which  represent  bundles  of  primitive  fibrils 
held  together  by  a  slightly  granular  cement,  so  that  they  exhibit  very  delicate  longitudinal 
striation  with  fine  granules  scattered  in  their  course.  The  best  example  is  the  axial  cylinder 
process  of  nerve-cells  (fig.  368,  I,  s).  [The  thickness  of  the  axis-cylinder  depends  upon  the 
number  of  fibrils  entering  into  its  composition.] 

3.  Axis-cylinders  surrounded  with  Schwann's  sheath,  or  Remak's  fibres  (3  8  to  6-8  broad), 
the  latter  name  being  given  to  them  from  their  discoverer  (fig.  368,  3).  [These  fibres  are  also 
called  -paU^  or  non-meduUated,  and  from  their  abundance  in  the  sympathetic  nervous  system, 
syvipathetic.']  They  consist  of  a  sheath,  corresponding  to  Schwann's  sheath  [neurilemma,  or 
primitive  sheath,  which  encloses  an  axial  cylinder;  while  lying  here  and  there  under  the  sheath, 
and  between  it  and  the  axial  cylinder  are  nerve-corpuscles.  These  fibres  are  always  fibrillated 
longitudinally].  The  sheath  is  delicate,  structureless,  and  elastic.  Dilute  acids  clear  the 
fibres  without  causing  them  to  swell  up,  while  gold  chloride  makes  them  brownish-red  Thev 
are  widely  distributed  in  the  sympathetic  nerves,  [e.g.,  splenic],  and  in  the  branches  of  the 
olfactory  nerves.  All  nerves  in  the  embryo,  as  well  as  the  nerves  of  many  invertebrata,  are  of 
this  kind.  [According  to  Ranvier,  these  fibres  do  not  possess  a  sheath,  but  the  nuclei  are 
merely  applied  to  the  surface,  or  slightly  embedded  in  the  superficial  parts  of  the  fibre,  so  that 
they  belong  to  the  fibre  Itself.  These  fibres  also  JmncA  and  form  an  anastomosing  net-work 
(hg.  3/0).  riiis  the  medullated  fibres  never  do.  These  fibres,  when  acted  on  by  silver  nitrate, 
never  show  any  crosses.  The  branched  forms  occur  in  the  ordinary  nerves  of  distribution,  and 
nucleate! 7'"""°''^  olfactory  nerves  have  a  distinct  sheath  which  is 

(2)  Medullated  fibres  occur  also  in  several  forms  :— 

of  Vb^^rn^i'"''^^'*".'  °i:,5^«pe-fibrils,  covered  only  by  a  medullary  sheath,  or  white  substance 
ot  bchwann,  aie  met  with  m  the  white  and  grey  matter  of  the  central  nervous  system,  in  the 
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optic  and  auditory  nerves.  These  vicdullatcd  ncrve-fibrcs,  wilhoul  any  neurilemma,  often  show 
after  death,  varicose  swellings  in  their  course  [duo  to  the  accumulation  of  Uuid  between  the 
medulla  of  myelin  and  the  axis-cylinder].  Hence  they  are  called  vancose  fibres.  [The  vancose 
aiipearancc  is  easily  produced  by  squeezing  a  small  piece  of  the  white  matter  of  the  spnial  cord 
between  a  slide  anil  a  cover-glass.  Nitrate  of  silver  does  not  reveul  any  crosses,  and  there  arc- 
no  nodes  of  Rauvier.     When  acted  upon  by  coagulating  reagents,  u.ij.,  chromic  acid,  the 


1 


Fig.  368. 

Primitive  fibrill^  ;  2,  axis-cylinder  ;  3,  Remak's  fibres  ;  4,  ^'fl^'^^^^^'^^^ 
medullated  fibre,  ^yith  Schwann's  sheath ;  c,  neurilemma  ;  t,  t,J^^r^ev  s  ^^^^^  J^^'^^^^': 
substance  of  Schwann:  d,  cells  of  the  endoneurium  ;  a,  axis-cylinder,  ^'^^/f  °Pf  ' 

"  trrrel  seSirof  nerve-fibres  ;  8,  nerve-fibiv  acted  on  ^vith  -  V";-*-*^. 
ing  Fromann's  lines.    I,  multipolar  nerve-cel    from  the  spinal  coid    -,  ^^'^^ 
p^-ocess;  y,  protoplasmic  processes-to  the  right  of  it  a  ^/.P^l^"^       '  ^t'S 
ganglionic  cell,  with  a  connective-tissue  capsule.    III.  ganglionic  cell,  with  o,  a  spual, 
and  n,  straight  process  ;  m,  sheath, 
medullary  sheath  appears  laminated,  so,  that  on  transverse  section,  vrben  the  axis-cyUnder  is 
stained,  it  is  suiTOunded  by  concentnc  cuxles  (fig.  36^^^^^^  6) -These  are  the  most 

5.  MeduUated  Nerve-Fibres  mth  Schwann  b  Sheath  (fig  368  5  6^-  {i^^^^  ^^.^  ^^^^^ 
complex  nerve-fibres,  and  are  10  to  22-6      [t.W  to  inUU^ 

numerous  in,  and  in  fact  they  make  up  the  gi'^'^*  X  °f\imiiS  tliff^^^^^  and  iving  coii- 
they  are  also  present  in  the  sympathetic  nerves,    [^hen  exammed  m^^^^^  acted  upon 

dition  in  silu,  they  appear  refractive  and  homogeneous  {Ranvier,  Mvlmg),  out  i 
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Node  of 
Ranvier. 


Primitive 
Sheath, 


by  reagents,  they  arc  not  only  refractive,  but  exhibit  a  douhle  contour,  the  margins  being  dark 
and  well  defined.]    Each  fibre  consists  of— _ 

[1   Schwann's  sheath,  nourilennna,  or  primitive  sheath ; 

2  White  substance  of  Schwann,  medullary  sheath,  or  myelin ; 

3".  Axis-cylinder  composed  of  fibrils  and  surrounded  by  a  sheath 
called  the  axilemnia ; 

4.  Nerve-corpuscles.]  .    1^   ,    r^,    ,      1.1     p  4.1 

A  The  axis-cylinder,  which  occupies  i  to  i  of  the  breadth  ot  the 
fibre  is  the  essential  part  of  the  nerve,  and  lies  in  tlie  centre  of  the 
fibre'  like  the  wick  in  the  centre  of  a  candle  (fig.  368,  6,  a).  Its 
usual  shape  is  cylindrical,  but  sometimes  it  is  flattened  or  placed 
eccentrically— [this  is  most  probably  due  to  the  hardening  process 
employed].    It  is  composed  of  fibrils 
[united  by  cement  or  stroma;  they 
become  more  obvious  near  the  termi- 
nations of  the  nerve,  or  after  the  action 
of  reagents,  which  sometimes  cause 
the  fibrils  to  appear  beaded.     It  is 
quite  transparent,  and  stains  deeply 
with  carmine  or  logwood],  while  dur- 
ing life,  its  consistence  is  semi-fluid. 
According  to  KupHer,  a  fluid— "neuro- 
plasma" — lies    between    the  fibrils 
[while,  according  to  other  observers, 
the  whole  cylinder  is  enclosed  in  an 
elastic  sheath  peculiar  to  itself  and 
composed    of   neuro-keratin.  This 
sheath  is  called  by  Kiihue,  the  axi- 
lemma.   Each  axis-cylinder  is  an  enor- 
mously long  process  of  a  ganglionic 
cell]. 

Fromann's  Lines. — Chloroform  and 
collodion  render  it  visible,  while  it  is 
most  easily  isolated  as  a  solid  rod,  by 
the  action  of  nitric  acid  with  excess 
of  potassium  chlorate.  When  acted 
on  by  silver  nitrate,  Fromann  observed 
transverse  markings  on  it,  but  their 
significance  is  unknown  (fig.  368,  8). 

B.  The  white  substance  of  Schwann, 
medullary  sheath  or  myelin,  surrounds 
the  axis-cylinder,  like  an  insulating 


Nerve- 
■  Corpuscles. 


Axial 
Cylinder. 


White 

Substance  of 
Schwann. 


Node  of 
Riujvier. 


Fig,  369 


Fig.  369.  Fig.  370,  Fig.  371. 

-Transverse  section  of  the  nerve-fibres  of  the  spinal  cord,  the  axis-cylinders  like  dots 
surrounded  by  a  clear  space  (myelin).  Fig.  370. — Remak's  fibre  from  vagus  of  dog. 
I,  fibrils;  n,  nucleus;  p,  protoplasm  surrounding  it.  Fig.  371. — Medullated  nerve-fibre  of 
a  rabbit  acted  on  by  osmic  acid,  x  400. 

medium  around  an  electric  wire.  In  the  perfectly  fi'esh  condition  it  is  quite  homogeneous, 
highly  glistening,  bright,  and  refractive  ;  its  consistence  is  fluid,  so  that  it  oozes  out  of  the 
cut  ends  of  the  fibres  in  spherical  drops  (fig.  368,  x),  [myelin  drops,  which  are  always  marked 
by  concenti-ic  lines,  are  highly  refractive,  and  best  seen  when  a  fresh  nerve  is  teased  in  salt 
solution].    After  death,  or  after  the  action  of  reagents,  it  shrinks  slightly  from  the  sheath,  so 
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that  the  fibres  have  a  double  contour,  while  the  substance  itself  breaks  up  into  smaller  or  larger 
tlroplots,  due  not  to  congulation  {Periik),  but,  accorcling  to  Toklt,  to  a  process  like  emulsilica- 
tion,  the  drops  pressing  against  each  other.  Thus,  the  fibre  is  broken  up  into  masses,  so  that 
it  lias  a  characteristic  appearance  (fig.  3G8,  0).  It  contains  a  large  amount  of  cerebrin  and 
lecithin,  which  swell  up  to  form  myelin-like  forms  in  warm 
water.  It  also  contains  fatty  matter,  so  that  these  fibres  are 
blackened  l)y  osmic  acid,  [wliile  boiling  ether  extracts  cholesterin 
from  them].  Chloroform,  ether,  and  benzin,  by  dissolving  the 
fatty  and  some  other  constituents  of  the  fibres,  make  tliem  veiy 
transparent.  [Some  observers  describe  a  fluid  lying  between  the 
medulla  and  the  axis-cylinder.] 

C.  The  Sheath  of  Schwann,  or  the  neurilemma,  lies  imme- 
diately outside  of  and  invests  the  white  sheath  (lig.  368,  6,  c), 
and  is  a  delicate  structureless  membrane,  comparable  to  the 
sarcolemma  of  a  muscular  fibre. 

D.  Nerve-Corpuscles. — At  fairly  wide  intervals  under  the 
neurilemma,  and  lying  in  depressions  between  it  and  the 
medullary  sheath,  are  the  nucleated  nerve-corpuscles,  which  are 
readily  stained  by  pigments  (fig.  371).  [They  may  be  compared 
to  the  muscle-corpuscles,  the  nuclei  being  surrounded  by  a  small 
amount  of  protoplasm  which  sometimes  contains  pigment.  They 
are  not  so  numerous  as  in  muscle.]  [Adamkiewicz  describes 
nerve-corpuscles,  or  "demilunes"  under  the  neurilemma,  quite 
distinct  from  the  ordinary  nerve-corpuscles.  They  are  stained 
yellow  by  safranin,  while  the  ordinary  nerve-corpuscles  are 

stained  by  methylanilin.] 

Eanvler's  Nodes  or  Constrictions. — The  neuri- 
lemma forms  in  broad  iibres  at  longer,  and 
in  narrower  ones  at  shorter  intervals,  the  nodes 
or  constrictions  of  Ranvier  (fig.  368,  6,  t,  t; 
fig.  371 ;  fig.  372,  fs).  They  are  constrictions 
which  occur  at  regular  intervals  along  a  nerve- 
fibre  ;  at  them  the  white  substance  of  Schwann 
is  interrupted,  so  that  the  sheath  of  Schwann 
lies  upon  the  axis-cylinder  [or  its  elastic  sheath] 
at  the  nodes.  The  part  of  the  nerve  lying 
between  any  two  nodes  is  called  an  inter- 
annular  or  inter-nodal  segment,  and  each  such 
segment  contains  one  or  more  nuclei,  so  that 
some  observers  look  upon  the  whole  segment 
as  equivalent  to  one  cell. 

The  function  of  the  nodes  seems  to  be  to 
permit  the  diffusion  of  i)lasma  through  the  outer 
sheath  into  the  axis-cylinder,  while  the  decom- 
position-products are  similarly  given  off.  _  [A 
colouring-matter  like  picro-carmine  diffuses  into 
the  fibre  oialy  at  the  nodes,  and  stains  the 
axis-cylinder  red,  although  it  does  not  diffuse 
through  the  white  substance  of  Schwann. 

Incisures  (of  Schmidt  and  Lantermann). — 


Each  interannular  segment  in  a  stretched  nerve  j,iedullated  nerve-fibres  with 


shows,  running  across  the  white  substance,  a 
number  of  oblique  lines,  which  are  called 
incisures  (figs.  372,  373).    They  indicate  that 
the  segment  is  built  up  of  a  series  of  conical 
sections,  each  of  which  is  bevelled  at  its  ends, 
. ,        and  the  bevels  are  arranged  in  an  imbricate 
pj^^^^ipv^s  iinHp-  manner,  the  one  over  the  other,  while  the  slight 
onvipvsnn     jjj^gj.yg^|  between  them  appears  as  an  incisure. 

Each  such  section  of  the  white  matter  is  called 
a  cylinder  cone  {Kuhnt). 


Fig.  372. 
M  e  d  u  11  a  t  e  d 
nerve  -  fibres 
blackened  by 


osmic  acid,  a,  axis-cylinder; 
s,  sheath  of  Schwann;  n, 
nucleus ;  v>  granular  sub- 
stance at  the  poles  of  the 
nucleus:  r,  r,  Ranvier's 
nodes  wliere  the  medullary 
sheath  is  interrupted  and 
the  axis-cylinder  appears ; 
i,  i,  incisures  of  Schmidt. 


Ranvier's  node 
sell,  Schwann's 

sheath.  ^  ^   . 

Neuro-Keratin  Sheath.— According  to  Ewald  and  Klihne,  the  axis-cylinder,  as  well  as  the 
white  substance  of  Schwann,  is  covered  with  an  excessively  delicate  sheath,  consisting  of  »iC«/-o- 
keratin  and  the  two  sheaths  are  connected  by  numerous  transverse  and  oblique  hbnls,  wliicli 
permeate  the  white  substance.  [The  myelin  seems  to  lie  in  the  interstices  of  tins  mesh-work.  J 
[Rod-like  Structures  in  Myelin.— If  a  nerve  be  hardened  in  ammonhcm  chromalc  (or  incric 
acid)  M'Carthy  has  shown  that  the  myelin  exhibits  rod-like  structures,  radiating  from  the 
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axis-cylinder  outwards,  which  are  stained  with  logwood  and  carmine.  Tlie  rods  are  probably 
not  distinct  from  each  other,  but  are  perhaps  part  of  the  neuro-keratin  network  already 
described.] 

Action  of  Nitrate  of  Silver. — When  a  small  nerve,  e.g.,  tlie  intercostal  nerve  or  a  mouse,  is 
acted  on  by  silver  nitrate,  it  is  seen  to  be  covered  by  an  endothelial  sheath  composed  of  llattened 
endothelial  cells  (lig.  374),  while  the  nerve- fibres  themselves  exhibit  crosses  along  their  course. 
These  crosses  are  due  to  the  penetration  of  the  silver  solution 
at  the  nodes,  where  it  stains  the  cement-substance  and  also 
part  of  the  axis-cylinder,  so  that  the  latter  sometimes  exhibits 
transverse  markings  called  Fromann's  lines  (fig.  368,  8).] 

[New  Methods. — Much  progress  has  recently  been  made 
in  tracing  the  course  of  medullated  nerve-fibres  by  the  action 
of  new  staining  reagents;  thus  acid  fuchsin  stains  the  myelin 
deeply,  leaving  the  other  parts  unstained,  at  least  it  can  bo 
so  niauipulated  as  to  yield  this  result.  Weigert's  Method 
and  its  modifications  have  yielded  most  important  results, 
and  proved  that  medullated  nerve-fibres  exist  in  many  parts 
of  the  central  nervous  system  where  they  cannot  be  seen  in 
the  ordinary  way.  The  nerve-tissue  is  hardened  in  a  solu- 
tion of  a  chromium  salt,  and  placed  in  a  half-saturated 
solution  of  cupric  acetate  ;  it  is  then  stained  with  logwood, 
and  afterwards  the  elements  are  differentiated  by  steeping 
the  sections  in  a  solution  of  ferricyanide  of  potash  and 
borax.    The  myelin  is  coloured  a  logwood  tint.] 

In  the  spinal  nerves,  those  fibres  are  thickest  which  have 
the  longest  course  before  they  reach  their  end-or^an 
{Schiualhc),  while  those  ganglion-cells  are  largest  which 
send  out  the  longest  nerve-fibres  {Pierret).  [Gaskell  finds 
that  the  longest  nerves  are  not  necessarily  the  thickest,  for 
the  visceral  nerves  in  the  vagus  are  small  nerves,  and  yet 
run  a  very  long  course.] 

Division  of  Nerves. — Nerve-fibres  run  in  the  nerve-trunks 
without  dividing;  but  when  they  approach  their  termination 
they  often  divide  dichotomously  [at  a  node],  giving  rise  to 
two  similar  fibres,  but  there  may  be  several  branches  at  a 
node  (fig.  376,  t).    [The  divisions  are  numerous  in  motor 
nerves  to  striped  muscles.] 
is  a  great  accumula- 
tion   of  Schwann's 
sheaths  roundanerve, 
so  that  a  nerve-fibre 
is  as  thick  as  a  sew- 
ing-needle.    Such  a 
fibre,  when  it  divides, 
breaks    up    into  a 
bundle    of  smaller 
fibres. 

[Nerve-Sheaths.  — 
A  nerve-trunk  con- 
sists of  bundles  of 
nerve  -  fibres.  The 
bundles  are  held  to- 
gether by  a  common 
connective  -  tissue 
sheath  (fig.  375,  ep), 
the  epineurium  which 
contains  the  larger 
blood-vessels,  lymph- 
atics, and  sometimes 
fat  and  plasma  cells. 
Each  bundle  is  sur- 
rounded with  its  own 
sheath  or  perineu- 
rium (pe),  wliich  con- 
sists   of  lamellated 


Fig.  374. 
Intercostal  nerve  of  a  mouse  (single 
fasciculus  of  nerve-fibres)  stained 
with  silver  nitrate.  Endothelial 
sheath  stained,  and  some  nodes 
of  Ranvier  indicated  by  crosses. 

In  the  electrical  nerves  of  the  malapterurus  and  gymnotus,  there 


2K,  perineurium 


Fig.  375. 

Trans,  section  of  a  nerve  (median),    cp,  epineurium 

ed,  endoneurium. 

connective-tissue  disposed  circulai-ly,  and  between  the  lamellaj  are  lymph  spaces  lined  by 
flattened  endothelial  plates.    These  lymph  spaces  may  be  injected  from  and  communicate  with 
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the  lymphatics  (Axel  Key  and  ltdzius).]  The  nevve-fibres  within  any  bundle  are  hehl  together 
bv  clelii'xtc  conuoctive-tissuo,  wliich  i.enetrates  between  the  adjoining  libres,  constituting  tlie 
endoneuriiun  (cd).  It  consista  of  delicate  libres  with  branched  connective-tissue  corpuscles 
(Tk^'.  368,  6,  ii'iil  i"  it  lie  the  capillaries,  which  are  not  very  numerous,  and  are  arranged  to 
t'orni  elongated  open  ineshes.  ii  n 

[Henle's  Sheath  —When  a  nerve  is  traced  to  its  distribution,  it  branches  and  becomes  smaller, 
until  it  niav  consist  only  of  a  lew  bundles  or  even  a  single  bundle  of  nerve-libres.  As  the  bundle 
branches  it  has  to  give  oil'  part  of  its  lamellated  sheath  or  perineurium  to  each  branch,  so  that, 
as  we  pass  to  the  periphery,  the  smaller  bundles  are  surrounded  by  few  lamelhe  lu  a  bundle  ' 
containiuc  only  a  few  fibres,  this  sheath  may  be  much  reduced,  or  may  consist  only  of  thin, 
flattened,  connective-tissue  corpuscles  with  a  few  fibres.  A  sheath  surrounding  a  few  nerve- 
fibres  is  called  ZftnZc's  ,S'Aca</i  by  Ranvicr.]  „   ,  ^,  v    .u  -i  i 

PNervi  Nervorum. —Marshall  and  v.  liorsley  have  shown  that  the  nevve-sheaths  are  proMded 
with  special  nerve-fibres,  in  virtue  of  which  they  are  endowed  with  sensibility.] 

Development. -At  first  nerve-fibres  consist  only  of  fibrils,  t  e.,  of  axis-cylinders,  whicli 
become  covered  with  connective  substance,  and  ultimately  the  white  subsiance  of  Sclmann  is 

developed  in  some  of  them.  The  growth  m  length  oi  the 
fibres  takes  place  by  elongation  of  the  individual  "inter- 
annular "  segments,  and  also  by  the  new  formation  of  these 

^ ^if "Ganglionic  or  Nerve-CellB.  — 1.  Multipolarnei-ve-cellB 

(fig  368,  I)  occur  partly  as  lanjo  cells  (100  ju),  and  are  visible 
to  the  unaided  eye  as  in  the  anterior  horn  of  the  spinal  cord, 
and  in  a  different  form  in  the  cerebellum,  and  partly  m  a 
^viallcr  form  (20  to  10  ju)  in  the  posterior  honis  of  the  spinal 
cord  many  parts  of  the  cerebrum  and  cerebellum,  and  in  the 
retina     They  may  be  spherical,  ovoid,  pyramidal  [cerebrum], 
pear-  or  flask-shaped  [cerebellum],  and  are  provided  with 
numerous  branched  processes  which  give  the  cells  a  char- 
acteristic appearance.    [Deiters  isolated  such  cells  from  the 
anterior  horn  of  the  grey  matter  of  the  spinal  cord,  so  that 
this  special  form  of  cell  is  sometimes  called  "Deiters  cell 
(fig  368  I)  ]    They  are  devoid  of  a  cell  envelope,  are  ot  soit 
consistence,  and  exhibit  a  fibriUated  sti-ucture,  which  may 
extend  even  into  the  processes.    Fine  granules  lie  scattered 
throughout  the  cell-substance  between  the  fibnls.    Not  unfre- 
queiitly  yellow  or  brown  granules  of  pigment  are  also  found, 
either  collected  at  certain  parts  in  the  cell  or  scattered  through- 
out it     The  relatively  large  nucleus  consists  of  a  clear  envelope 
enclosing  a  resistant  substance.    It  does  not  appear  to  have 
a  membmne  in  youth  (ScJiwalbe).    Within  the  nucleiis  hes  the 
nucleolus,  which  in  the  recent  condition  is  angulal^  provided 
with  processes  and  capable  of  motion,  but  after  death  is  highlv 
refractive  and  spherical.    There  is  always  one  nnbranched 
process,  constituting  the  axial  cylinder  process  (I,  ~)  which 
remains  nnbranched,  but  it  soon  becomes  covered  with  the 
white  substance  of  Schwann,  and  the  other  sheaths  of  a 
mcdullated  nerve,  so  that  it  becomes  the  axial  cylmder  of  a 
nerve-fibre.    [Thus  a  nerve-fibre  is  merely  an  excessively  long, 
unbranched  process  of  a  nerve-cell  pushed  oulwai-ds  towards 
the  periphery.  ]  It  is  not  definitely  ascertained  that  the  cerebi-al 
cells  have  such  processes.    All  the  other  processes  divide  very 
frequently  unti   thev  form  a  branched,  root-like,  comp  ex 
™'ement  of  the  finest  primitive  fibrils.    These  are  called 
protoplasmic  processes  (I,  y).    By  means  of  these  pvocesses 
Fig.  376.  adjoining  cells  are  brought  into  '^o^'^^'^Yf''''' Zf  j\  To 

Cell  from  the  Gasserian  ganglion,  other,  so  that  impulses  can  be  '^^'J'Sf,!^^^^^^^^^ 
n,  nuclei  of  the  sheatli ;  t,  fibre  another.    Further,  many  of  these  fibnls 
d  vWing  at  a  node  of  Ranvier.  other  and  join  together  to  form  axis-cylinders  o  otbei  i^eiv^^^^ 
fibres.    [V.  Thanhofl-er  states  that  he  has  traced  the  axis-cylinder  process  to  the  nudeus  and 
nucleolus.]  ,    ,  ,     i      i  ■  .„    ;„  t1n>  miinal  fau"lia  of  the  skate,  and  in 

"z.  ^.SeS  wlft  conneetiv,.tis„,e  c.p.»le>  occ,„  iu  11,.  rcripUml  g„ngli.  of  m.n  (Sg- 
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368  II)  e  q  iu  the  spinal  ganglia.  The  soft  body  of  the  cell,  which  is  provided  with  several 
processes,  is'covered  by  a  tliick,  tough  capsule  composed  of  several  layers  of  connective-tissue 
corpuscles  •  while  the  inner  surface  of  the  composite  capsule  is  lined  by  a  layer  ot  delicate 
endothelial  cells  (fig.  376).  The  body  of  the  cells  in  the  spinal  ganglia  is  traversed  by  a  net- 
work of  fine  fibrils  ti^to?wiu'»£7).    The  capsule  is  continuous  with  the  sheath  of  the  nerve-iibre. 

Rawitz  and  G.  Retzius  find  that  the  cells  of  the  spinal  ganglia  are  unipolar,  the  outgoing 
fibre  taking  a  half-turn  within  the  cansulo  before  it  loaves  the  cell  (fig.  376).  Retzius  [and 
Ranvier]  observed  the  process  to  divide  like  a  !•  Perhaps  this  division  corresponds  to  the 
two  processes  of  a  bipolar  cell.  The  jugular  ganglion  and  plexus  gangliiforrais  vagi  in  man 
contain  only  unipolar  cells,  so  that,  in  this  respect,  they  may  be  compared  to  spinal  ganglia. 
The  same  is  the  case  in  the  Gasserian  ganglion ;  while  the  ciliary,  spheno-palatine,  otic,  and 
submaxillary  ganglia  structurally  resemble  the  ganglia  of  the  sympathetic. 

4.  Ganglionic  cells  with  spiral  fibres  occur  chiefiy  in  the  abdominal  sympathetic  of  the  frog 
{Beale,  J.  Arnold).  The  body  of  the  cell  is  usually  pyriform  in  shape,  and  from  it  proceeds  a 
straight  unbranched  process  (fig.  368,  III,  n),  which  ultimately  becomes  the  axis-cylinder  of  a 
nerve.  A  spiral  fibre  springs  from  the  cell  (?  a  network),  emerges  from  it,  and  curves  in  a 
spiral  direction  round  the  former  (0).  The  whole  cell  is  surrounded  by  a  nucleated  capsule  {m). 
"We  know  nothing  of  the  significance  of  the  different  fibres. 

322.  CHEMICAL  AND  MECHANICAL  PROPERTIES  OF  NERVOUS 
SUBSTANCE. — 1.  Proteids.^ — Albumin  occurs  chiefly  in  the  axis-cylinder  and  in 
the  substance  of  the  ganglionic  cells.  Some  of  this  proteid  substance  presents 
characters  not  unlike  those  of  myosin  (§  293).  Dilute  solution  of  common  salt 
extracts  a  proteid  from  nervous  matter,  which  is  precipitated  by  the  addition  of 
much  water  and  also  by  a  concentrated  solution  of  common  salt  {Petroivslcy). 
Potash-alhimin  and  a  glohulin-like  substance  are  also  present.  Nuclein  occurs 
especially  in  the  grey  matter  (§  250,  2),  while  neuro-keratin,  a  body  containing 
much  sulphur  and  closely  related  to  keratin,  occurs  in  the  corneous  sheath  of  nerve- 
libres  (p.  528).  If  grey  nervous  matter  be  subjected  to  artificial  digestion  with 
trypsin,  both  of  these  substances  remain  undigested  {Kiiline  and  Eiuald).  Pure 
ueuro-keratin  is  obtained  by  treating  the  residue  with  caustic  potash.  The  sheath 
of  Schivann  does  not  yield  gelatin,  but  a  substance  closely  related  to  elastin 
(§  250,  6),  from  which  it  differs,  however,  in  being  more  soluble  in  alkalies.  The 
connective-tissue  of  nerves  yields  gelatin. 

2.  Pats  and  other  allied  substances  soluble  in  ether,  more  especially  in  the  white 

matter  : — (a)  Cerebrin,  free  from  phosphorus  (§  250,  3). 

Cerebrin  is  a  white  powder  composed  of  spherical  granules  soluble  iu  hot  alcohol  and  ether, 
but  insoluble  in  cold  water.  It  is  decomposed  at  80°  C,  and  its  solutions  are  neutral.  When 
boiled  for  a  long  time  with  acids,  it  splits  up  into  a  left-rotatory  bod}"-  like  sugar,  and  another 
unknown  product.  Preparation. — Rub  up  the  brain  into  a  thin  fluid  with  baryta  water. 
Extract  the  separated  coagulum  with  boiling  alcohol.  The  extract  is  frequently  treated  with 
cold  ether  to  remove  the  cholesterin  ( ^V.  Milller).  Parkus  separated  from  cerebrin  its 
homologue,  homocerebrin,  which  is  slightly  more  soluble  in  alcohol,  and  the  clyster-like  body, 
encephalin,  which  is  soluble  in  hot  water. 

(6)  Lecithin  and  its  decomposition-products — glycero-phosphoric  acid  and  oleo- 
phosphoric  acid  (§  251). 

Neurin  (or  Gholin-CsHiBJfO^)  is  a  strongly  alakaliue,  colourless  fluid,  forming  crystalline 
salts  with  acids.  It  is  soluble  in  water  and  alcohol,  and  has  been  formed  synthetically  from 
glycol  and  trimethylamin.    Lecithin  is  a  salt  of  the  base  neurin. 

(c)  Protagon,  which  contains  N  and  P,  is  similar  to  cerebrin,  and  is,  according 
to  its  discoverer,  the  chief  constituent  of  the  brain  (Liebreich). 

According  to  Hoppe-Seylor  and  Diaconow,  it  is  a  mixture  of  lecithin  and  cerebrin.  [The 
investigations  of  Garagee  and  Blaukenhorn  have  shown,  however,  that  protagon  is  a  definite 
chemical  body.  They  find  that,  instead  of  being  unstable,  it  is  a  very  stable  body.]  It  is  a 
gLucoside,  and  crystalline,  and  can  be  extracted  from  the  brain  by  warm  alcohol,  and  wlieu 
boiled  with  baryta  yields  the  deco,mposition -products  of  lecithin. 

3.  The  following  substances  are  extracted  by  water  :—Xanthin  and  hypoxanthin  f^c/icrdr), 
Jcreatin  (icrc/i),  inosit  {W.  Milller),  ordinary  lactic  add.  [Gsclicidlcn),  acetic  and  formic  acids, 
uuc  acid  (?_),  and  volatile  fatty  acids  ;  leucin  (in  disease),  urea  (iu  nrxmia),  and  a  substance 
like  starch  in  the  human  brain  {Jaffa).  All  these  substances  are  for  the  most  part  products  of 
the  regressive  metabolism  of  the  tissues. 
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Reaction. — Nervous  substance,  when  passive,  is  neutral  or  feebly  alkaline  in 
reaction,  while  active  (1  and  dead)  it  is  acid  (Funke).  The  grey  matter  of  the 
brain,  when  quite  fresh,  is  alkaline  {Licbreick),  but  death  rapidly  causes  it  to 
become  acid  [Gsclieidlen). 

Tlie  voactiou  of  iiorvc-libres  varies  during  life.  After  introducing  methyl-blue  into  tlie 
body  of  n  liviu"  animal,  Ehrlich  found  that  the  axis-cylinder  became  blue,  i.e.,  in  those  nerve.s 
which  have  anliUcaline  reaction  (cortex  cerebri,  cardiac,  sensory,  motor  (uon-stnped),  gustatory 
and  olfactory  fibre.'*),  while  the  termination  of  motor  (voluntary)  nerves  remained  uncolouied. 
The  latter  ho  regards  as  acid; 

The  nerves  after  death  have  a  more  solid  consistence,  so  that  in  all  probability 
some  coagulation  or  change,  comparable  to  the  stifEening  of  muscle,  occurs  in  them 
after  death,  while  at  the  same  time  a  free  acid  is  liberated  (§  295).  If  a  fresh 
brain  be  rapidly  "broiled"  at  100°  C,  it,  like  a  muscle  similarly  treated,  remains 
alkaline  (§  295).   


Chemical  Composition. 


Water,  .... 
Solids,  .... 

The  solids  consist  of — 
Albumins  and  glutin, 
Lecithin, 

Cholesterin  and  fats, 
Cerebrin, 

Substances  insoluble  in  ether, 
Salts  


Grey  Matter. 


81 '6  per  cent. 
18-4 


55-4 
17-2 
18  7 
0-5 
6-7 
■  1-5 

100-0 


Wliitc  Slattur. 


68 '4  per  cent. 
31-6 


24-7 
9-9 

52-1 
9-5 
3-3 
0-5 

100-0 


In  100  parts  of  ash,  Breed  found  potash  32,  soda  11,  magnesia  2  lime  0  7,  isaCl  o,  iron 
r,bnqnbate  1-2  fixed  phosphoric  acid  39,  sulphui-ic  acid  0-1,  silicic  acid  0-4. 
^Ptomaines  b  166)  a^^^  obtained  from  'putiWying  brain.    They  have  an  effect  on  the  motor 
nerves  Hke  curara,  but  in  much  less  degree,  while  the  phenomena  last  for  a  much  shorter  time 
(Guarcsclii  and  Mosso).']  ,      .    ,  v-  t 

Mechanical  Properties.— One  of  the  most  remarkable  mechanical  properties  of 
nerve-fibres  is  the  absence  of  elastic  tension  according  to  the  varying  positions  ot 
the  body  Divided  nerves  do  not  retract;  such  nerves  exhibit  dehcate,  microscopic, 
transverse  folds,  [like  watered  silk]  or  Fontana's  transverse  markings. 

The  coliesion  of  a  nerve  is  very  considerable.  When  a  hmb  is  forcibly  torn 
from  the  body,  as  sometimes  happens  from  its  becoming  entangled  in  maclnnery, 
then  erve  not  unfrequently  remains  unsevered,  while  the  other  soft  parts  are 
ruptured.    [Tillaux  found  that  a  weight  of  110  to  120  lbs.  was  required  o  rupture 

breakino-  Weir  Mitchell  has  shown  that  a  healthy  nerve  will  bear  a  very  cons  der- 
S  amount  of  pressure  and  handling,  and,  in  fact,  the  method  of  nerve-stretching 
depends  upon  this  property  of  a  nerve-trunk.] 

CJ23  METABOLISM  OF  NERVES.-Influence  of  Blood-Supply.-We  know 
very  iStle  regarding  the  metabolic  processes  that  occur  in  f ^rve-tissue  Some 
Sactives  are  obtained  from  nerve-tissue,  and  they  may,  perhaps,  be  jeS^ded  as 
dSomposition-products  (p.  531).  It  has  not  been  proved  ^ftisfactorily  h  t  dun„^ 
the  activity  of  nerves  there  is  an  exchange  of  0  and  ^0,-  That  ther«  ^^^^^^^ 
exchange  of  materials  within  the  nerves  is  proved  by  the  fact  that,  after  com 
nSssTon  of  the  blood-vessels  of  the  nerves,  the  excitability  of  the  'lenes  falls 
and  restoiS  again  when  the  circulation  is  re-established.  Compression  o  the 
ablmi  al  aorta^auses  paralysis  and  numbness  of  the  lower  half  of  the  bodj, 
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while  occlusion  of  the  cerebral  vessels  causes  almost  instantaneously  cessation  of 
the  cerebral  functions.  The  metabolism  of  the  central  nervous  organs  is  much 
more  active  than  that  of  the  nerves  themselves.  [If  the  abdominal  aorta  of  a 
rabbit  be  compressed  for  a  few  minutes,  the  hind  limbs  are  quickly  paralysed,  the 
animal  crawls  forward  on  its  fore-legs,  drawing  the  hind  limbs  in  an  extended 
position  after  it.]    The  ganglia  form  much  lymph. 

324  EXCITABILITY  OF  THE  NERVES— STIMULI.— Nerves  possess  the 
property  of  being  thrown  into  a  state  of  excitement  by  stimuli,  and  are,  therefore, 
said  to  be  excitable  or  irritable.  The  stimuli  may  be  applied  to,  and  may  act 
upon,  any  part  of  the  nerve.  [The  following  are  the  various  kinds  of  stimuli,  i.e., 
modes  of  motion,  which  act  upon  nerves]  : —  _ 

1.  Mechanical  stimuli  act  upon  nerves  when  they  are  applied  with  sufficient 
rapidity  to  produce  a  change  in  the  form  of  the  nerve-particles,  e.g.,  a  blow, 
pressure,  pinching,  tension,  puncture,  and  section.  In  the  case  of  sensory  nerves, 
when  they  are  stimulated,  pain  is  produced,  as  is  felt  when  a  limb  "  sleeps,"  or 
when  pressure  is  exerted  upon  the  ulnar  nerve  at  the  bend  of  the  elbow.  When  a 
motor  nerve  is  stimulated,  motion  results  in  the  muscle  attached  to  the  nerve.  If 
the  continuity  of  the  nerve-fibres  be  destroyed,  or,  what  is  the  same  thing,  if  the 
continuity  of  the  axial  cylinder  be  interrupted  by  the  mechanical  stimulus,  the 
conduction  of  the  impulse  across  the  injured  part  is  interrupted,  li  the  molecular 
arrangements  of  the  nerves  be  permanently  deranged,  e.g.,  by  a  violent  shock,  the 
excitability  of  the  nerves  may  be  thereby  extinguished. 

A  slight  blow  applied  to  the  radial  uerve  in  the  fore-arm,  or  to  the  axillary  nerves  in  the 
supraclavicular  groove,  is  followed  by  a  contraction  of  the  muscles  supplied  by  these  nerves. 
Under  pathological  conditions,  the  excitability  of  a  nerve  for  mechanical  stimuli  may  be 
increased  enormously. 

Tigerstedt  ascertained  that  the  minimal  mechanical  stimulus  is  represented  by  900  milligram- 
millimetres,  and  the  maximum  by  7000  to  8000.  Strong  stimuli  cause  fatigue,  but  the  fatigue 
does  not  extend  beyond  the  part  stimulated.  A  nerve  when  stimulated  mechanically  does  not 
become  acid.  Slight  pressure  without  tension  increases  the  excitability,  which  diminishes  after 
a  short  time.  The  mechanical  work  produced  by  an  excited  muscle  iu  consequence  of  a  stimulus 
was  100  times  greater  than  the  mechanical  energy  of  the  mechanical  nerve-stimulus. 

Continued  pressure  upon  a  mixed  nerve  paralyses  the  motor  sooner  than  the 
sensory  fibres.  If  the  stimulus  be  applied  very  gradually,  the  nerve  may  be 
rendered  inexcitable  without  manifesting  any  signs  of  its  being  stimulated 
{Fontana,  1758).  Paralysis,  due  to  continuous  pressure  gradually  applied,  may 
occur  in  the  region  supplied  by  the  brachial  nerves ;  the  left  recurrent  laryngeal 
nerve  also  may  be  similarly  paralysed  from  the  pressure  of  an  aneurism  of  the  arch, 
of  the  aorta. 

By  increasing  the  pressure  on  a  nerve  bj'  using  a  gradually  increasing  weight,  there  is  at  first 
an  increase  and  then  a  decrease  of  the  excitability.  Pressure  on  a  mixed  nerve  abolishes  reflex 
conduction  sooner  than  motor  conduction  {Kronccker  and  Zedcrbaum). 

Nerve-stretcMng  is  employed  for  therapeutical  purposes.  If  a  nerve  be  exposed  and 
stretched,  or  if  it  be  made  sufficiently  tense,  the  nerve  is  stimulated.  Slight  tension  increases 
the  reflex  excitability  {Schlcich),  while  violent  extension  produces  a  temporary  diminution  or 
abolition  of  the  excitability  (FaZewJin).  The  centripetal  or  sensory  fibres  of  the  sciatic  nerve 
are  sooner  paralysed  thereby  than  the  centrifugal  or  motor  [Conrad].  During  the  process  of 
extension,  mechanical  changes  are  produced,  either  in  the  nerve  itself  or  in  its  end-organs, 
causing  an  alteration  of  the  excitability,  but  it  may  also  aff'ect  the  central  organs.  The 
paralysis,  which  sometimes  occurs  after  forcible  stretching,  usually  rapidly  disappears.  There- 
fore, when  a  nerve  is  in  an  excessively  excitable  condition,  or  when  this  is  due  to  an  inflam- 
matory fixation  or  constriction  of  the  nerve  at  some  part  of  its  course,  nerve-stretching  may 
be  useful,  partly  by  diminishing  the  excitability,  partly  by  breaking  up  the  inflammatory 
adhesions.  In  cases  where  stimulation  of  an  aflerent  nerve  gives  rise  to  epileptic  or  tetanic 
spasms,  nerve-stretching  may  be  useful  by  diminishing  the  excitability  at  the  periphery,  iu 
addition  to  the  other  effects  already  described.  It  has  also  been  employed  in  some  spinal 
affections,  which  may  not  as  yet  have  resulted  in  marked  degenerative  changes. 

For  physiological  purposes,  a  nerve  may  be  stimulated  mechanically  by  means  of  Heiden- 
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hdin's  tetanomotor,  wliicli  is  simiily  an  ivory  hammer  attached  to  the  prolonged  spring  of  a 
Noef  s  hammer  ol'  an  inductioii  machine.  [A  more  delicate  form  of  this  instrument  was  used 
by  Tigerstedt  (§  335).]  The  rapid  vibration  of  the  hammer  communicates  a  series  of  mechanical 
shocks  to  the  nerve  upon  which  it  is  caused  to  beat.  Rhythmic  extension  of  a  nerve  cau.se» 
contractions  and  oven  tetanus. 

2.  Thermal  Stimuli. — If  a  frog's  nerve  be  heated  to  45°  C,  its  excitaliUty  is 
first  increased  and  then  diminished.  The  higher  the  temperature,  the  greater  i.s 
the  excitability,  and  the  shorter  its  duration  {Af(inasief).  If  a  nerve  be  heated  to 
50°  C.  for  a  short  time,  its  excitability  and  conductivity  are  abolished.  The  frog'.s 
nerve  alone  regains  its  excitability  on  being  cooled  (Piclford).  If  the  temperature 
be  raised  to  65°  C,  the  excitability  is  abolished  without  the  occurrence  of  a  con- 
traction, while  its  medulla  is  broken  up  {Eckhard).  Sudden  cooling  of  a  nerve  to 
5°  C.  acts  as  a  stimulus,  causing  contraction  in  a  muscle,  while  sudden  heating  to 
40°  or  45°  C.  produces  the  same  result.  If  the  temperature  be  increased  still  more, 
instead  of  a  single  contraction  a  tetanic  condition  is  produced.  All  such  rapid 
variations  of  temperature  quickly  exhaust  the  nerve  and  kill  it.  If  a  nerve  be 
frozen  gradually,  it  retains  its  excitability  on  being  thawed.  The  excitability  lasts 
long  in  a  cooled  nerve  ;  in  fact,  it  is  increased  in  a  motor  nerve,  but  the  contractions 
are  not  so  high  and  more  prolonged,  while  the  conduction  in  the  nerve  takes  place 
more  slowly.  Amongst  manimalicm  nerves,  the  afferent  and  vaso-dilator  nerves  at 
45°  to  50°  C.  exhibit  the  results  of  stimulation,  while  the  others  only  show  a  change 
in  their  excitability.  When  cooled  to  +5°  C,  the  excitability  of  all  the  fibres  is 
diminished  {Griitzner). 

3.  Chemical  Stimuli  excite  nerves  when  they  act  with  a  certain  rapidity,  and 
thereby  alter  the  condition  of  the  nerve  (p.  473).    Most  chemical  stimuU  act  by 
first  increasing  the  nervous  excitability,  and  then  diminishing  or  paralysing  it. 
Chemical  stimuli,  as  a  rule,  have  less  effect  upon  sensory  than  upon  motor  fibres 
(EcHiard).    According  to  Griitzner,  the  inactivity  of  chemical  stimuli,  so  often 
observed  when  they  are  applied  to  sensory  nerves,  depends  in  great  part  upon  the 
non-simultaneous  stimulation  of  all  the  nerve-fibres.    Amongst  chemical  stimuli 
are— (a)  rapid  abstraction  of  ivater  by  dry  air,  blotting  paper,  exposure  in  a 
chamber  containing  sulphuric  acid,  or  by  the  action  of  solutions  which  absorb 
fluids,  e.g.,  concentrated  solutions  of  neutral  alkaline  salts  (NaCl,  excites  only  motor 
fibres  in  m&mm2l&— Griitzner),  sugar,  urea,  concentrated  glycerin  (and  1  some 
metallic  salts).    The  subsequent  addition  of  water  may  aboHsh  the  contractions, 
while  the  nerve  may  still  remain  excitable.    The  abstraction  of  water  first  increases 
and  afterwards  diminishes  the  excitability.   The  imlibition  of  ivater  diminishes  the 
excitability.    (5)  Free  alkalies,  mineral  acids  (not  phosphoric),  many  organic  acids 
(acetic,  oxalic,  tartaric,  lactic),  and  most  salts  of  the  heavy  metals.    While  the 
acids  act  as  stimuli,  only  when  they  are  somewhat  concentrated,  the  caustic  alkahes 
act  in  solutions  of  0-8  to  O'l  per  cent.  {Kilhne).    Neutral  potash  salts,  in  a  concen- 
trated form,  rapidly  kill  a  nerve,  but  they  do  not  excite  it  nearly  so  strongly  as  the 
soda  compounds.    Dilute  solutions  of  the  neutral  potash  salts  first  increase  and 
afterwards  diminish  it  {Ranhe),  as  can  be  shown  by  stimulation  with  an  induction 
shock  (Biedermann).    (c)  Various  substances,  e.g.,  dilute  alcohol,  ether,  chlorotorm, 
bile  bile-salts,  and  sugar.    These  substances  usually  excite  contractions,  and  atter- 
wards  rapidly  kill  the  nerve.    Ammonia,  lime-water,  some  metallic  salts,  carbon 
bisulphide,  and  ethereal  oils  kill  the  nerve  without  exciting  it— at  least  without 
producing  any  contraction  in  a  frog's  nerve-muscle  preparation.    [The  nerve  ot  a 
nerve-muscle  preparation  may  be  dipped  into  ammonia,  but  no  contraction  results 
while  the  slightest  traces  of  ammonia  applied  to  a  muscle  cause  contraction.] 
Carbolic  acid  does  the  same,  although  when  applied  directly  to  the  spinal  cord  it 
produces  spasms.    These  substances  excite  the  muscles  when  they  are  directij 
applied  to  them.    Tannic  acid  does  not  act  as  a  stimulus  either  to  nerve  or  muscle. 
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As  a  ^enei-al  rule,  the  stunulating  solutions  must  be  more  co»ice«<m/ec?  when  applied 
to  a  nerve  than  to  muscle,  in  order  that  a  contraction  may  be  produced. 

rMethods    Ta  nev  e-muscle  preraration  of  a  frog's  limb  be  made,  and  a  straw  f  ag  (p.  472) 

rop  of  the  fluid  is  placed  on  a 
muscle  or  nerve  is  then  brought 


fn to  contact  with  the  cupola  of  the  drop  (A (f/nic).  J  _ 

4  The  Physiological  or  normal  stimulus  excites  the  nerves  in  the  normal 
intact  body.  Its  nature  is  entirely  unknown.  The  "  nerve-motion  "  thereby  set 
up  travels  either  in  a  "  centrifugal"  or  outgoing  direction  from  the  central  nervous 
system  giving  rise  to  motion,  inhibition  of  motion,  or  secretion ;  or  in  a  "  centri- 
petal "'  or  ingoing  direction  from  the  specific  end-organs  of  the  nerves  of  the  specia 
senses  or  the  sensory  nerves.  In  the  latter  case,  the  impulse  reaches  the  central 
orc^ans,  where  it  may  excite  sensation  or  perception,  or  it  may  be  transferred  to  the 
motor  areas  and  be  conducted  in  a  centrifugal  direction,  constituting  a  "  reflex 
stimulation  (§  360).  A  single  physiological  nerve-impulse  travels  more  slowly  than 
that  excited  by  the  momentary  application  of  an  induction  shock  {Loveii,  v.  Kries). 
It  is  not  a  uniform  process  excited  by  varying  intensity  and  greater  or  less  frequency 
of  stimulation,  but  it  is  essentially  a  process  varying  considerably  in  duration,  and 
it  may  even  last  as  long  as  \  second  \v.  Kries). 

5.  Electrical  Stimuli.— [The  following  forms  of  electrical  stimuh  may  be 

used  : — 

(1)  A  constant  current,  which  may  be  made  or  broken  (§  328). 

(2)  Induction  shocks,  either  make  or  break  shocks  (§  329). 

(3)  An  interrupted  current  (§  329). 

The  electrical  current  acts  most  powerfully  upon  the  nerves  at  the  moment  when 
it  is  applied,  and  at  the  moment  when  it  ceases  (§  336) ;  in  a  similar  way,  any 
increase  or  decrease  in  the  strength  of  a  constant  current  acts  as  a  stimulus.  If  an 
electrical  current  be  applied  to  a  nerve,  and  its  strength  be  very  gradually  increased 
or  diminished,  then  the  visible  signs  of  stimulation  of  the  nerve  are  very  slight. 
As  a  general  rule,  the  stimulation  Is  more  energetic  the  more  rapid  the  variations  of 
the  strength  of  the  current  applied  to  the  nerve,  i.e.,  the  more  suddenly  the 
intensity  of  the  stimulating  current  is  increased  or  diminished  {du  Bois-Reymond). 

An  electrical  current  must  have  a  certain  strength  or  liminal  intensity  before  it 
is  effective.  By  uniformly  increasing  the  strength  of  the  current,  the  size  of  the 
contraction  increases  rapidly  at  first,  then  more  slowly  {Tigerstedt  and  Willhard). 

An  electrical  current,  in  order  to  stimulate  a  nerve,  must  have  a  certain  duration, 
it  must  act  at  least  during  0-0015  second  {Fick,  1863)  ;  even  with  currents  of 
slightly  longer  duration,  the  opening  shock  may  have  no  effect.  If  the  duration  of 
the  closing  "shock  of  a  constant  current  be  so  arranged  that  it  is  just  too  short  to 
be  active,  then  it  merely  requires  to  last  TS  to  2  times  longer  to  produce  the  most 
complete  effect  {GriinJiagen). 

The  electrical  current  is  most  active  when  it  flows  in  the  long  axis  of  the  nerve  ; 
it  is  inactive  when  applied  vertically  to  the  axis  of  the  nerve  (Galvani).  Similarly, 
muscles  are  incomparably  less  excited  by  transverse  than  by  longitudinal  currents 
{Gin  f re). 

The  greater  the  length  of  nerve  traversed  by  the  current,  the  less  the  stimulus 
that  is  required  (Pfqf). 

Constant  Current. — If  the  constant  current  be  used  as  a  nervous  stimulus,  the 
stimulating  effect  on  the  sensory  nerves  is  most  marked  at  the  moment  of  making 
and  breaking  the  current ;  during  the  time  the  current  passes,  only  slight  excite- 
ment is  perceived,  but,  even  under  these  circumstances,  very  strong  currents  may 
cause  very  considerable,  and  even  unbearable,  sensations.    If  a  constant  current  be 
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applied  to  a  motor  nerve,  the  greatest  effect  is  produced  when,  the  current  is  made 
or  closed  [closing  or  make  contraction],  and  when  it  is  broken  or  opened  [opening 
or  break  contraction].  But  while  the  current  i^  passing,  the  stimulation  does  not 
cease  completely,  for,  with  a  certain  strength  of  stimulus,  the  muscle  remains  in  a 
state  of  tenanus  (galvanotonus  or  "  closing  tetanus  ")  {Pfluger).  For  the  same 
effect  on  muscles,  see  p.  482.  With  strong  currents  this  tetanus  does  not  appear, 
chiefly  because  the  current  diminishes  the  excitability  of  the  nerves,  and  thus 
develops  resistance,  which  prevents  the  stimulus  from  reaching  the  muscle. 
According  to  Hermann,  a  descending  current  applied  to  the  nerve,  at  a  distance 
from  the  muscles,  causes  this  tetanus  more  readily,  while  an  ascending  current 
causes  it  more  readily  when  the  current  is  closed  near  the  muscle.  The  constant 
current  is  said  by  Griitzner  to  have  no  effect  on  vaso-motor  and  secretory/  fibres. 

Over-maximal  Contraction. — By  gradually  increasing  the  strength  of  the  electrical  stimulus 

applied  to  a  motor  nerve,  Fick  observed  that  the  muscular  contractions  (height  of  the  lift)  at 
lirst  increased  proportionally  to  the  increase  of  the  stimulus,  until  a  maximal  contraction  was 
obtained.  If  the  strength  of  the  stimulus  be  increased  still  further,  another  increase  of  the 
contraction  above  the  first  reached  maximum  is  obtained.  This  is  called  an  "  over.ma,ximal 
contraction. "  Occasionally  between  the  first  maximum  and  the  second  there  is  a  diminution,  or 
indeed  absence  of,  or  gap  or  hiatus,  in  the  contractions.  The  cause  of  this  lies  in  the  positive 
pole,  which  with  a  certain  strength  of  current  is  sufficient  to  prevent  the  further  transmission 
of  the  excitement  (§  335).  On  continuing  to  increase  the  induction  current,  ultimately  a  stage 
is  reached  where  the  stimulation  at  the  negative  pole  again  becomes  stronger  than  the  inhibition 
at  the  positive,  and  this  overcomes  the  latter.  The  contractions  before  the  gap  are  caused  by 
the  occurrence  of  the  induction  current  (their  latent  period  is  short) ;  the  contractions  (long 
latent  period,  like  that  after  all  opening  shocks—  Waller),  after  the  gap,  are  cau-sed  by  the 
disappearance  of  the  induction  current,  i.e.,  by  polarisation ;  this  is  added  to  the  stimulation 
proceeding  from  the  negative  pole,  which  after  the  gap  overcomes  the  inhibition  at  the 
positive  pole,  and  excites  the  over-maximal  contractions  (Ttt/crs/etZi  mid  Willhard). 

Tetanus. — If  single  shocks  of  short  duration  be  rapidly  applied  after  each  other 
to  a  nerve,  tetanus  in  the  corresponding  muscle  is  produced  (§  298,  HI.). 

A  motor  nerve  has  a  greater  specific  excitability  for  electrical  stimuli  than  the 
muscle-substance.  This  is  proved  by  the  fact  that,  a  feebler  stimulus  suffices  to 
excite  a  muscle  when  applied  to  the  nerve  than  when  it  is  applied  to  the  muscle 
directly,  as  occurs  when  the  terminations  of  the  motor  nerves  are  paralysed  by 
curara  {Rosenthal). 

Soltmann  found  that  the  excitability  of  the  motor  nerves  of  new-born  animals 
for  electrical  stimuli  is  less  than  in  adults.  The  excitability  increases  until  the  5th 
to  10th  month. 

Unequal  Excitability.— Under  certain  circumstances,  the  nearer  the  part  of 
the  motor  nerve  stimulated  lies  to  the  central  nervous  system,  the  greater  is  the  effect 
produced  (contraction)  ;  [or  what  is  the  same  thing,  the  further  the  point  of  a  nerve 
which  is  stimulated  is  from  the  muscle,  the  stimulus  being  the  same,  the  greater  is 
the  contraction.  This  led  Pfluger  to  his  "  avalanche-theory,"  i.e.,  that  the  "nerve- 
motion  "  increases  in  the  nerve  as  it  passes  towards  the  muscles.  This  effect  is 
explained,  however,  by  the  unequal  excitability  of  different  parts  of  the  same 
nerve].  According  to  Fleischl,  all  parts  of  the  nerve  are  equally  excitable  for 
chemical  stimuli.  Further,  it  is  said  that  the  higher  placed  parts  of  a  nerve  are 
more  excitable  only  when  the  stimulating  current  passes  in  a  descending  direction; 
the  reverse  is  the  case  when  the  current  ascends  (Hermann).  On  stimulating  a 
sensory  nerve,  Kutherford  and  Hallsten  found  that  the  reflex  contraction  was 
greater,  the  nearer  the  stimulated  point  was  to  the  central  nervous  system. 

Unequal  Excitability  in  the  same  Nerve.— Nerve-^bres,  even  when  functionally 
the  same  and  included  in  the  same  nerve-trunk,  are  not  all  equally  excitable.  Thus, 
feeble  stimulation  of  the  sciatic  nerve  of  a  frog  causes  contraction  of  the  flexor 
muscles  while  it  requires  a  stronger  stimulus  to  produce  contraction  of  the  extensors 
{Bitter  'l805,  Bollett).    According  to  Ritter,  the  nerves  for  the  flexors  die  first 
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Direct  stimulation  of  the  nniscles  in  curavised  animals  shows  that  the  flexors  contvact  with  a 
feeb  rt  iSf  (but  also  fatigiu,  sooner)  than  the  extensors  ;  the  V^^^ -^^fl^^^^l^^ 
also  more  excitable  than  the  red.    As  a  rule,  poisons  affect  the  flexors  sooner  than  the  extensors 
t  so^e  muscies  some  pale  libres  are  present,  and  they  are  more  ^^^^ ^^^^^ 
(Orii/-,,rr)  ($  "981     If  a  fro"  s  nerve-mnscle  preparation  be  exposed  to  the  action  oi  etnei 
o  s  on"  St  mulat^on  of  the  scfatic  nerve,  flexion  occurs  {OriUzncr,  Bmditch),  but,  i  the  cuiTcnt 
be  naK ronger,  extension  takes  place.    During  deep  ethcr-narcosis,  strong  stimulation  of  the 
rec™t  nerve  causes  dilatation,  and  with  slight  narcosis,  narrowing  of  the  glottis  takes 
place    dilatation  occurs  on  slight  stimulation  {Boxcditcli).    The  adductor  muscle  of  the  claw  of  a 
crayfish  is  relaxed  under  a  weak  stimulus,  but  it  contracts  when  a  strong  stimulus  is  applied 
to  it.    The  reverse  is  the  case  with  the  muscle  which  opens  the  claw  {Bicdcrmann). 

Unipolar  Stimulation.— If  one  electrode  of  an  induction  apparatus  be  applied 
to  a  nerve,  it  may  act  as  a  stimulus.  Du  Bois-Eeymond  has  called  this  "  unipolar 
induction  action."  It  is  due  to  the  movement  of  the  electrical  current  to  and  from 
the  free  ends  of  the  open  induction  current  at  the  moment  of  induction.  [Unipolar 
induction  is  more  apt  to  occur  with  the  opening  than  the  closing  shock,  because 
the  former  is  more  intense.] 

Upon  muscle,  electrical  stimuli  act  quite  as  they  do  upon  nerves.  Electrical 
currents  of  very  short  duration  have  no  effect  upon  muscles  whose  nerves  are 
paralysed  by  curara  (Briicke),  and  the  same  is  true  of  greatly  fatigued  muscles,  or 
muscles  about  to  die  or  greatly  weakened  by  diseased  conditions  (§  .399). 

325  DIMINUTION  OF  THE  EXCITABILITY-DEGENERATION  AND 
REGENERATION  OF  NERVES.— 1.  Normal  Nutrition.— The  continuance  of 
the  normal  excitability  in  the  nerves  of  the  body  depends  upon  the  maintenance  of 
the  normal  nutrition  of  the  nerves  themselves  and  a  due  supply  of  blood.  InsufB- 
cient  nutrition  causes,  in  the  first  instance,  increased  excitability,  and  if  the  condi- 
tion be  continued  the  excitability  is  diminished  (§  339,  I.). 

When  the  physician  meets  with  the  signs  of  increased  excitability  of  the  nerves,  under  bad  or 
abnormal  conditions  of  nutrition,  this  is  to  be  regarded  as  the  beginning  of  the  stage  of  decrease 
of  the  nerve-energy.    Invigorating  measures  are  rec[uired. 

If  the  terminal  nervozis  apparatus  be  subjected  to  a  temporary  disturbance  of  its 
nutrition,  the  return  of  the  normal  nutritive  process  is  heralded  by  a  more  or  less 
marked  stage  of  excitement.  The  more  excitable  the  nervous  apparatus,  the 
shorter  must  be  the  duration  of  the  disturbance  of  nutrition,  e.g.,  cutting  off  the 
arterial  blood  supply  or  interfering  with  the  respiration. 

2.  Fatigue. — Continued  excessive  stimulation  of  a  nerve,  without  sufficient 
intervals  of  repose,  causes  fatigue  of  the  nerve,  and  by  exhaustion  rapidly 
diminishes  the  excitability.  A  nerve  is  more  slowly  fatigued  than  a  muscle 
{Bernstein),  but  it  recovers  more  slowly  (§  304).  [Nerves  of  cold-blooded  animals 
{Widenskii)  and  mammals  (Botvditch)  may  be  tetanised  for  hours  without  becoming 
fatigued.] 

[To  show  that  a  muscle  is  much  more  rapidly  fatigued  than  a  nerve,  Bernstein  arranged  two 
nerve-muscle  preparations  so  that  both  nerves  were  tetanised  simultaneously,  but  through  one  of 
the  nerves,  a  polarising  constant  current  was  passed  by  means  of  non-polarisable  electrodes  (§  327), 
so  that  the  condition  of  anelectrotonus  (§  335)  was  set  up  in  this  nerve,  and  thus  "blocked" 
the  propagation  of  impulses  to  the  corresponding  muscle.  Only  one  muscle,  therefore,  was 
tetanised.  Both  nerves  were  continuously  stimulated  until  fatigue  of  the  contracting  muscle 
took  place,  and  on  breaking  the  polarising  current  applied  to  the  other  nerve,  the  corresponding 
muscle  at  once  became  tetanic.  Now,  as  both  nerves  were  equally  stimulated,  and  the  muscle 
in  connection  with  one  nerve  was  fatigued,  while  the  other  muscle  at  once  contracted,  it  is 
evident  that  a  muscle  is  much  more  rapidly  fatigued  than  a  motor  nerve.  In  sensory  nerves, 
fatigue  and  recovery  are  analogous  to  the  corresponding  processes  in  motor  nerves  {Bernstehi).] 

Recovery. — When  a  nerve  recovers,  at  first  it  does  so  slowly,  then  more  rapidly, 
and  afterwards  again  more  slowly.  If  recovery  does  not  occur  within  half  an  hour 
after  a  frog's  nerve  has  been  subjected  to  very  long  and  intense  stimulation,  it  will 
not  take  place  at  all. 
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3.  Continued  inaction  of  a  nerve  diminishes,  and  may  ultimately  abolish  the 
excitability. 

Thus,  the  central  ends  of  dividod  sensory  nerves,  after  amputation  of  n  limli,  lose  thi-ir 
excitability,  although  tlie  nerves  are  still  connected  with  the  central  nervous  system,  becauso 
the  oud-organs  through  which  they  were  normally  excited  have  been  removed. 

4.  Separation  from  their  Nerve-Centres. — The  nerve-fibres  remain  in 
dition  of  normal  nutrition,  only  when  they  are  directly  connected  with  their 
centre,  which  governs  the  nutritive  processes  within  the  nerve.  If  a 
nerve  within  the  body  be  separated  from  its  "  nutritive  centre" — either 
by  section  of  the  nerve  or  compressing  it — within  a  short  time  it  loses  its 
excitability,  and  the  peripheral  end  undergoes  fatty  degeneration,  which 
begins  in  four  to  six  days  in  warm-blooded  animals,  and  after  a  long 
time  in  cold-blooded  ones  {Joh.  Miiller).  See  also  the  changes  of  the 
excitability  during  this  condition,  the  so-called  "  Reaction  of  degener- 
ation "  339).  If  the  sensory  nerve-fibres  of  the  root  of  a  spinal  nerve 
be  divided  on  the  central  side  of  the  ganglion,  the  fibres  on  the  peripheral 
side  do  not  degenerate,  for  the  ganglion  is  the  trophic  or  nutritive  centre 
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Degeneration  and  regeneration  of  nerves.  A,  sub-division  of  the  myelin  ;  B,  further  disiutcgi.i- 
tion  thereof  (osmic  acid  staining);  C,  interruption  of  the  axial  cylnider,  ^^-hiclV 
surrounded  with  the  broken-up  myelin  ;  D,  accumulation  of  nuclei  with  the  remamdei 
of  the  myelin  in  a  spindle-shaped  fibre  ;  E,  a  new  nerve-fibre,  with  a  new  sheath  of 
Schwann,  within  the  old  sheath  of  Schwann,  sa  ;  F,  a  new  nerve-fibre  passing  in  a 
curved  course  through  an  old  nerve-fibro  sheath. 

for  the  sensory  nerves;  but  the  fibres  still  in  connection  with  the  cord  degenerate 

( W idler) 

[WaUerian  Law  of  Degeneration.— If  a  spinal  nerve  be  divided,  the  peripheral 
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part  of  the  nerve  and  its  branches,  including  the  sensory  and  motor  fibres,  degene- 
rate completely  (fig.  378,  A),  while  the  central  parts  of  the  nerve  remain  unaltered. 
If  the  atiterior  root  of  a  spinal  nerve  alone  be  divided  before  it  joins  the  posterior 
root  all  the  peripheral  nerve-fibres  connected  with  the  anterior  root  degenerate 
(fio-  '37s  B)  so  that  in  the  nerve  of  distribution  only  the  motor  fibres  degenerate. 
The  portion'  of  the  nerve-root  which  remains  attached  to  the  cord  does  not 
degenerate.  If  the  posterior  root  alone  be  divided,  between  the  spinal  cord  and  the 
ganglion,  the  effect  is  reversed,  the  part  of  the  nerve-root  lying  between  the  section 
and°the  spinal  cord  degenerates,  while  the  part  of  the  nerve  connected  with  the 
ganglion  does  not  degenerate  (fig.  378,  C).    The  central  fibres  degenerate  because 
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Fig.  378. 

Diaf^ram  of  the  roots  of  a  spinal  nerve,  showing  the  effect  of  section  (the  black  yarts  represent 
°tbe  degenerated  parts).    A,  section  of  the  nerve-trunk  beyond  the  ganglun  ;  B,  of  the 
anterio?  root,  and  C,  of  the  posterior  ;  D,  excision  of  the  ganglion  ;  a,  anterior,  -p, 
posterior  root ;  g,  ganglion. 

they  are  separated  from  the  ganglion.  If  the  ganglion  be  excised,  or  if  separated, 
as  in  fig.  378,  D,  both  the  central  and  peripheral  parts  of  the  posterior  root 
degenerate.  These  experiments  of  Waller  show  that  the  fibres  of  the  anterior  and 
posterior  roots  are  governed  by  different  centres  of  nutrition  or  "trophic  centres." 
As  the  anterior  root  degenerates  when  it  is  separated  from  the  cord,  and  the 
posterior  when  it  is  separated  from  its  own  ganglion,  it  is  assumed  that  the  trophic 
centre  for  the  fibres  of  the  anterior  root  lies  in  the  multipolar  nerve-cells  of  the 
anterior  horn  of  the  grey  matter  of  the  spinal  cord,  while  that  for  the  fibres  of  the 
posterior  root  lies  in  the  cells  of  the  ganglion  placed  on  it.  The  nature  of  this 
supposed  trophic  influence  is  entirely  unknown.] 

Traumatic  and  Fatty  Degeneration. — Both  ends  of  the  nerve  at  the  point  of  section  imme- 
diately begin  to  undergo  " traumatic  degeneration. "  (In  the  frog  on  the  1st  and  2nd  day.) 
After  a  time  neither  the  myelin  nor  axis-cylinder  is  distinguishable  {Schiff).  According  to 
Engelmann,  this  condition  extends  only  to  the  nearest  node  of  Ranvier,  and  afterwards  the  so- 
called  "  fatty  degeneration  "  begins.  The  process  of  "fatty"  degeneration  begins  simultane- 
ously in  the  whole  peripheral  portion  ;  the  white  substance  of  Schwann  breaks  up  into  masses 
(fig."377,  A),  just  as  it  does  after  death,  in  microscopic  preparations;  afterwards,  the  myelin 
forms  globules  and  round  masses  (B),  the  axial-cylinder  is  compressed  or  constricted,  and  is 
iiltimately  broken  across  (C)  in  many  places  (7th  day).  The  nerve-fibre  seems  to  break  up  into 
two  substances — one  fatty,  the  other  proteid  in  constitution,  the  fat  being  absorbed  {S.  Mayer). 
The  nuclei  of  Schwann's  sheath  swell  up  and  proliferate  (D — until  the  10th  day).  According 
to  Ranvier,  the  nuclei  of  the  interannular  segments  cand  their  surrounding  protoplasm 
proliferate,  and  ultimately  interrupt  the  continuity  of  the  axis-cylinder  and  the  myelin.  Thcj'- 
then  undergo  considerable  development  with  simultaneous  disEtppearauce  of  the  medulla  and 
axis-cylinder,  or  at  least  fatty  substances  formed  by  their  degeneration,  so  that  the  nerve-fibres 
look  like  fibres  of  connective-tissue.  [According  to  this  view,  the  process  is  in  part  an  active 
one,  due  to  the  growth  of  the  "nerve-corpuscles  breaking  up  the  contents  of  the  neurilemma, 
which  then  ultimately  undergo  chemical  degenerative  changes.]  According  to  Ranvier, 
Tizzoni,  and  others,  leucocytes  wander  into  the  cut  ends  of  the  nerves,  and  also  at  Ranvier's 
nodes,  insinuating  themselves  into  the  nerve-fibres,  where  they  take  myelin  into  their  bodies, 
and  subject  it  to  certain  changes.  [These  cells  are  best  revealed  by  the  action  of  osniic  acid, 
which  blackens  any  myelin  particles  in  their  interior.]    Degeneration  also  takes  place  iu  the 
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motorial  end-platos,  beginning  first  in  the  non-medullated  branches,  tlien  in  the  terminal 
librils,  and  liistlj'  in  the  nerve-trunks  {Ocuslcr). 

Regeneration  of  Nerves. — In  order  that  regeneration  of  a  divided  nerve  may  take  place 
{Cruic.kshaid-,  1795),  the  divided  ends  of  the  nerve  must  bo  brought  into  contact  (§  244).  In 
man  this  is  done  by  means  of  sutures.  About  the  middle  of  the  fourth  week,  small  clear 
bands  appear  witliin  the  neurilemma,  winding  between  the  nnclei  and  the  remains  of  the 
myelin  (E).  They  soon  become  wider,  and  receive  myelin  with  incisures,  and  nodes,  and  a 
sheath  of  Schwann  (2nd  to  3rd  month — F).  The  regeneration  process  takes  place  in  each 
interannnlar  segment,  while  the  individual  segments  unite  end  to  end  at  the  nodes  of  Ranvier 
(§  321,  I.,  5).  On  this  view,  each  nerve-segment  of  the  fibre  corresponds  to  a  "cell-unit" 
{E.  Neumann,  Eichhorst).  The  same  process  occurs  in  nerves  ligalurcd  in  their  course.  Several 
new  iibres  may  be  formed  within  one  old  nerve-sheath.  The  divided  axis-cylindsrs  of  the 
central  end  of  the  nerve  begin  to  grow  about  the  14th  day,  until  they  meet  the  newly  formed 
ones,  with  which  they  unite. 

[Primaiy  and  Secondary  Nerve  Suture. — Numerous  experiments  on  animals  and  man  have 
established  the  fact  that,  immediate  or  primary  suture  of  a  nerve,  after  it  is  divided,  either 
accidentally,  or  intentionally,  hastens  reunion  and  regeneration,  and  accelerates  the  restoration 
of  function.  Secondary  sutui-e,  i.e.,  bringing  the  ends  together  long  after  the  nerve  has  been 
divided,  has  been  practised  with  success.  Surgeons  have  recorded  cases  where  the  function 
was  restored  after  division  had  taken  place  for  3  to  16  months,  and  even  longer,  and  in  most 
cases  the  sensibility  was  restored  first,  the  average  time  being  2  to  4  weeks.  Motion  is 
recovered  much  later.  Tlie  ends  of  the  nerve  should  be  stitched  to  each  other  with  catgut, 
the  muscles  at  the  same  time  being  kept  from  becoming  atrophied  by  electrical  stimulation  and 
the  systematic  use  of  massage  (§  307).  After  suture  of  a  nerve,  conductivity  is  restored  in  the 
rabbit  in  40  days,  on  the  31st  in  dogs,  and  25th  in  fowls,  but  after  simple  division  without 
suture,  not  till  the  60th  day  in  the  rabbit.  Transplantation  of  nerve  does  not  succeed  {JoJni- 
son).] 

Union  of  Nerves. — The  central  end  of  a  divided  motor  nerve  may  unite  with  the  j^eripheral 
end  of  another,  and  still  conduct  impulses  {Rava).  [It  is  stated  that  sensory  fibres  will 
reunite  with  sensory  fibres,  and  motor  fibres  with  motor  fibres,  and  the  regenerated 
nerve  will,  in  the  former  case,  conduct  sensory  impulses,  and  the  latter  motor  impulses. 
There  is  very  considerable  diversity  of  opinion,  however,  as  to  the  regeneration  or  union 
of  sensory  with  motor  fibres.  Paul  Bert  made  the  following  experiment :— He  stitched  the 
tail  of  a  rat  into  the  animal's  back,  and  after  union  had  taken  place,  he  cut  the  tail  from  the 
body  at  the  root,  so  that  the  tail,  as  it  were,  grew  out  of  the  animal's  back,  broad  end  upper- 
most. On  irritating  the  end  of  the  tail,  which  was  formerly  the  root,  the  animal  gave  signs 
of  pain.  This  experiment  was  devised  by  Bert  to  try  to  show  that  nerve-fibres  can  conduct 
impulses  in  both  directions.  One  of  two  things  must  have  occurred.  Either  the  inotor  fibres, 
which  normally  carried  impulses  down  the  tail,  now  convey  them  in  the  opposite  direction, 
and  convey  them  to  sensory  fibres  with  which  they  have  united  ;  or  the  sensory  fibres,  which 
normally  conducted  impulses  from  the  tip  upwards,  now  carry  them  in  the  opposite  direction. 
If  the  former  were  actually  what  happened,  it  would  show  that  nerve-fibres  of  difi'erent  function 
do  unite  (§  349).  Reichert  asserts  that  he  has  succeeded  iu  uniting  the  hj'poglossal  with  the 
vagus  in  the  dog.    According  to  Gessler  the  end-plate  is  the  first  to  regenerate.] 

Trophic  Centres. — The  regeneration  of  the  nerves  seems  to  take  place  under  the 
influence  of  the  nerve-centres,  which  act  as  their  nutritive,  or  trophic  centres. 
Nerves  permanently  separated  from  these  centres  never  regenerate. 

During  the  regeneration  of  a  mixedn&vv&,  sensibility  is  restored  first,  subsequently 
voluntary  motion,  and  lastly,  the  movements  of  the  muscles,  when  their  motor 
nerves  are  stimulated  directly  {Schif,  Erh,  v.  Ziemssen). 

WaUerian  Method  of  Investigation.— As  the  peripheral  end  of  a  nerve  undergoes  degenera- 
tion after  section,  we  use  this  method  for  determining  the  course  of  nerve-fibres  in  a  complex 
arrangement  of  nerves.  The  course  of  special  nerve-fibres  may  be  ascertained  by  tracing  the 
degeneration  tract  ( Waller).  If  after  section,  reunion  or  regeneration  of  a  motor  nerve  does 
not  take  place,  the  muscle  supplied  by  this  nerve  ultimately  undergoes  fatty  degeneration. 

5.  Modifying  Conditions.— Under  the  action  of  various  operations,  e.g.,  compress- 
ing a  nerve  [so  as  not  absolutely  to  sever  the  physiological  continuity],  it  has  been 
found  that  voluntary  impulses  or  stimuli  applied  above  the  compressed  spot,  give 
rise  to  impulses  which  are  conducted  through  the  nerve,  and  in  the  case  of  a  motor 
nerve,  cause  contraction  of  the  muscles,  whilst  the  excitability  of  the  parts  heloio 
the  injured  spot  is  greatly  diminished  (Schif).  In  a  similar  manner,  it  is  found 
that  the  nerves  of  animals  poisoned  with  COo,  curara  or  coniin,  sometimes  even 
the  nerves  of  paralysed  limbs  in  man,  are  not  excitable  to  direct  stimuli,  while  they 
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are  capable  of  coaducting  impressions  coming  from  the  central  nervous  system 
(Duchenne).  The  injured  part  of  the  nerve,  therefore,  loses  its  excitability  sooner 
than  its  power  of  conducting  an  impulse.  .  ^, 

6  Certain  poisons,  such  as  veratrin,  at  first  increase  the  excitabiJity  ot  tlie 
nerves  and  afterwards  abolish  it;  with  some  other  poisons,  the  abolition  of 
the  excitability  passes  off  very  rapidly,  e.g.,  curara.  Conium,  cynoglossum,  iodide 
of  methylstrychnin,  and  iodide  of  asthylstrychnin  have  a  similar  action. 

If  tho  nervo  or  muscle  of  a  frog  be  placed  in  a  solution  of  the  poison,  we  obtain  a  different 
efl'ect  from  that  which  results  when  the  poison  is  injected  into  the  body  of  the  animal.  Atropui 
diminishes  the  excitability  of  a  nerve-muscle  preparation  of  tho  frog  without  causing  any 
previous  increase,  while  alcohol,  ether,  and  chloroform  increase  and  then  diminish  tho  excita- 
bility (Mommsen). 

7.  Ritter-Valli  Law. — If  a  nerve  be  separated  from  its  centre,  or  if  the  centre 
die,  the  excitability  of  the  nerve  is  increased ;  the  increase  begins  at  the  central 
end,  and  travels  towards  the  periphery — the  excitability  then  falls  until  it  disappears 
entirely.  This  process  takes  place  more  rapidly  in  the  central  than  in  the  peri- 
pheral part  of  the  nerve,  so  that  the  peripheral  end  of  a  nerve  separated  from  its 
centre  remains  excitable  for  a  longer  time  than  the  central  end. 

The  rapidity  of  the  transmission  of  impulses  in  a  nerve  is  increased  when  the  excitability  is 
increased,  but  it  is  lessened  when  the  excitability  is  diminished.  In  the  latter  condition,  an 
electrical' stimulus  must  last  longer  in  order  to  be  effective  ;  hence  rapid  induction  shocks  may 
not  produce  any  effect. 

The  lavi  of  contraction  also  undergoes  some  modification  in  the  different  stages  of  the  changes 
of  excitability  (§  336,  II.). 

8.  Excitable  Points. — Many  nerves  are  more  excitable  at  certain  parts  of  their 
course  than  at  others,  and  the  excitability  may  last  longer  at  these  parts.  One  of 
these  parts  is  the  upper  third  of  the  sciatic  nerve  of  a  frog,  just  where  a  branch  is 
given  off  {Budge). 

The  motor  and  sensory  fibres  of  the  upper  third  of  the  sciatic  nerve  of  a  frog  are  more  excit- 
able for  all  stimuli  than  the  lower  parts  {Griltzner  and  Elpon).  Whether  tliis  arises  from 
injury  during  preparation,  (a  branch  is  given  off  there),  or  is  due  to  anatomical  conditions,  e.g., 
more  connective-tissue  and  more  nodes  in  the  lower  jjart  of  the  sciatic,  is  undetermined  {Clara 
Halpcrson). 

This  increased  excitability  may  be  due  to  injury  to  the  nerve  in  preparing  it  for  experiment. 
After  section  or  compression  of  a  nerve,  all  electrical  currents  employed  to  stimulate  the  nerve 
are  far  more  active  when  the  direction  of  the  current  passes  away  from  the  point  of  injury,  than 
when  they  pass  in  the  opposite  direction.  This  is  due  to  the  fact,  that  the  current  produced  in 
the  nervo  after  the  lesion  is  added  to  the  stimulation  current  (§  331,  5).  Even  in  intact  nerves 
— sciatic  of  a  frog — where  the  nerve  ends  at  the  periphery  or  at  the  centre,  or  where  largo 
branches  are  given  off,  there  are  points  which  behave  in  the  same  way  as  those  points  where  a 
lesion  has  taken  ^jlace  {Griilzner  and  Moschner). 

Death  of  a  Nerve. — In  a  dead  nerve  the  excitabilitj'  is  entirely  abolished,  death 
taking  place  according  to  the  Ritter-Valli  Law,  from  the  centre  towards  the 
periphery.  The  reaction  of  a  dead  nerve  has  been  found  by  some  observers  to  be 
acid  (§  322). 

The  functions  of  the  brain  cease  immediately  death  takes  place,  while  the  vital  functions  of 
the  spinal  cord,  especially  of  the  white  matter,  last  for  a  short  time  ;  the  large  nerve-trunks 
gradually  die,  then  the  nerves  of  the  extensor  muscles,  those  of  the  flexors  after  three  to  four 
hours  ;  while  the  sympathetic  fibres  retain  their  excitability  longest,  those  of  the  intestine  even 
for  ten  hours  {Onimns).  Compare  §  295.  The  nerves  of  a  dead  frog  may  remain  excitable  for 
several  days,  provided  the  animal  be  kept  in  a  cool  place. 

Electro-Physiology. — Before  beginning  the  study  of  electro-physiology,  the 
student  ought  to  read  and  study  carefully  the  following  short  preliminary  remarks 
on  the  physics  of  this  question  : — 

326.  PHYSICAL— THE  GAtVANIC  CURRENT— RHEOCOED. —1 .  Electro-motive  Force 

— If  two  of  the  under-mentioned  bodies  be  brought  into  direct  contact,  in  one  of  them  positive 
electricity,  and,  in  the  other,  negative  electricity  can  be  detected.  The  cause  of  this  phenomenon 
is  the  electro-motive  force.  The  electro-motive  substances  may  be  arranged  in  a  series  of  the 
first  class,  so  that  if  the  first-mentioned  substance  be  brought  into  contact  with  any  of  tho 
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other  bodies,  the  lirst  substance  is  negatively,  tlie  last  positively,  elcctrilied.    This  series  is  : 
-carbon,  platimiin,  gold,  silver,  copper,  iron,  tin,  lead,  ziiio  +  . 

The  amount  of  the  electro-motive  force  produced  by  the  contact  of  two  of  these  bodies  is 
greater,  the  further  the  bodies  are  apart  in  the  series.  The  contact  of  the  bodies  may  take  place 
lit  one  or  more  points.  If  several  of  the  bodies  of  this  series  be  arranged  in  a  pile,  the  electiical 
tension  thereby  produced  is  just  ns  great  as  if  the  two  extreme  bodies  were  brought  into  contact, 
the  intermediate  ones  being  left  out. 

±  The  nature  of  the  two  electricities  is  readily  determined  by  jdacing  one  of  the  bodies  of  the 
series  in  contact  loUh  a  fluid.  If  zinc  be  placed  in  pure  or  acidulated  water,  the  zinc  18  + 
(positive)  and  the  water  -  (negative).  If  copper  be  taken  instead  of  zinc,  the  copper  is  +  but 
the  fluid  -  .  Experiment  shows  that  those  metals,  in  contact  with  fluid,  are  negatively  elcctri- 
lied most  strongly  which  are  most  acted  on  chemically  by  the  iluid  in  which  they  are  placed. 
Each  such  combination  aflbrds  a  constant  difference  of  tension  or  potential.  The  tension  [or 
l)ower  of  overcoming  resistance]  of  the  amount  of  electricity  obtained  from  both  bodies  depends 
upon  the  size  of  the  surfaces  in  contact.  The  fluids,  e.g.,  the  solutions  of  acids,  alkalies,  or  salts 
are  called  exciters  of  electricity  of  the  second  class.  They  do  not  form  among  themselves  a 
definite  series  with  different  tensions.  When  placed  in  these  fluids,  the  metals  lying  next  the 
+  end  of  the  above  series,  especially  zinc,  are  most  strongly  electrified  negatively,  and  to  a  less 
extent  those  lying  nearer  the  -  end  of  the  series. 

3.  Galvanic  Battery.— If  two  different  exciters  of  the  first  class  be  placed  in  fluid,  without 
the  bodies  coming  into  contact,  e.g.,  zinc  and  copper,  the  projecting  end  of  the  (negative)  zinc 
shows  free  negative  electricity,  while  the  free  end  of  the  (positive)  copper  shows  free  positive 
electricity.  Such  a  combination  of  two  electro-motors  of  the  first  class  with  an  electro-motor 
of  the  second  class  is  called  a  galvanic  battery.  As  long  as  the  two  metals  in  this  fluid  are  kept 
separate,  the  circuit  is  said  to  be  broken  or  open,  but  as  soon  as  the  free  projecting  ends  of  the 
metals  are  connected  outside  the  fluid,  e.g.,  by  a  copper  wire,  the  circuit  or  current  is  made 
or  dosed,  and  a  galvanic  or  constant  cuxTent  of  electricity  is  obtained.  The  galvanic  current 
has  resistance  to  encounter  in  its  course,  which  is  called  "conduction  resistance"  (W).  It  is 
directly  proportional— (1)  to  the  length  {I)  of  the  circuit ;  (2)  and  with  the  same  length  of 
circuit,  inversely  as  the  section  (?)  of  the  same ;  and  (3)  it  also  depends  on  the  molecular 
properties  of  the  conducting  material  {specific  conduction  resistance  =  s),  so  that  the  conduction 
resistance,  "W  =  (s.  I):  q.  The  resistance  to  conduction  increases  with  the  increase  of  the. 
temperature  of  the  metals,  but  diminishes  under  similar  conditions  with  fluids. 

Ohm's  Law.— The  strength  of  a  galvanic  current  (S),  or  the  amount  of  electncity  passing 
through  the  closed  circuit,  is  proportional  to  the  electro-motive  force  (E)— or  the  electrical 
tension,  but  inversely  proportional  to  the  total  resistance  to  conduction  (L)— 

So  that  S  =  E  :  L  (Ohm's  Law,  1827). 
The  total  resistance  to  conduction,  however,  in  a  closed  circuit  is  composed  of  (1)  the  resist- 
ance outside  the  battery  ("  extraordinary  resistance  ")  ;  and  (2)  the  resistance  within  the  battery 
itself  ( "  essential  resistance  ").   The  specific  resistance  to  conduction  is  very  variable  in  different 
substances  :  it  is  relatively  small  in  metals  {e.g    for  copper=l,  irou  =  6-4  German  silvj  =  12), 
but  very  great  in  fluids  {e.g.,  for  a  concentrated  solution  of  common  salt  6,515,000,  tor  a  con- 
centrated solution  of  copper  sulphate  10,963,600).  _  i        „  ^>;iKn„ 
Conduction  in  Animal  Tissues.— It  is  also  very  great  m  animal  tissues,  almost  a  million 
times  greater  than  in  metals.    When  a  constant  current  is  applied  to  the  skm  so  as  to  traverse 
the  body,  the  resistance  diminishes  because  of  the  conduction  of  water  in  the  epidermis  under 
the  action  of  the  constant  current  (§  290),  and  the  congestion  of  the  cutaneous  blood-vessels  in 
consequence  of  the  stimulation.    But  the  resistance  vanes  m  different  parts  of  the  skin,  the 
least  befng  in  the  palm  of  the  hand  and  sole  of  the  foot.    The  chief  seat  of  the  resistance  is  the 
epTdermistfor  after  its  removal  by  means  of  a  blister,  the  resistance  is  greatly  diminished.  Dead 
t£ie  as  a  rule,  is  a  worse  conductor  than  living  tissues  {Jolly).    When  the  current  is  passed 
f^^Zly  to  ihe  direction  of  the  fibres  of  a  muscle,  the  resistance  is  nearly  mne  times  as  gi^a 
as  when  tl/e  current  passes  in  the  direction  of  the  fibres--a  condition  which  ^^^^VV^^^^^ 
mortis  (Hermann).    In  nerves,  the  resistance  longitudinally  is  two  and  a  half  million  times 
"reater  than  in  mercury,  transversely  about  twelve  million  times  greater  {Her^nann).  Tetanus 
and  rit'or  mortis  diminish  the  resistance  in  muscle  {du  Bots-lxcymond).         ^      .  .  . 

Deductions,_lt  follows  from  Ohm's  law  that-I.  If  there  is  very  great  resistance  o  the 
current  outside  the  battery  [i.e.,  between  the  electrodes],  as  is  the  case  when  a  nerve  or  a  muscle 
Ss  on  t  e  e  ectrodes,  the  strength  of  the  current  can  only  be  increased  by  mcreasmg  the 
number  of  the  electro-motive  elements.  II.  When,  however,  the  extraordinary  resistance  . 
V  ry  s  nal  compared  with  that  within  the  battery  itself,  the  strength  ^^t'^'^^^^^/rent  cannot  b 
increase!  by  increasing  the  number  of  the  elements,  but  only  by  increasing  the  surfaces  of  the 

^'^sSikt  and  Density. -Wc  must  carefully  distinguish  the  strength  (intensity)  of  the  cuiTcnt 
from  As  the  same  amount  of  electricity  always  flows  through  any  given  transNerse 

■    ecSon  0  t^^3?ircut^^^  then,  if  the  si.e  of  the  transverse  section  of  the  circuit  varies,  the  elcc- 
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ti-icitv  mast  be  of  greater  densilii  in  the  narrower  parts,  and  it  is  eviaent  that  the  density  will 
fs  w     e  the  t74usverse  section  is  greater..    L"t  S  =  the  st..ngth  o    he  cm^^^^^^^ 

the  circuit,  theu  the  density  («)  at  tno  iattoi  paitis 


be  less    —  - 

transverse  section  ol'  the  given  part  ot 


If  the-alvanic  current  passing  from  the  positive  pole  of  a  battery  is  divided  into  two  or 
inore  streams  which  are  aglin  reunited  at  the  other  pole,  then  the  sum  of  the  strength  of  all 
t^st  -ean  r's  e^  ll  to  the°strenc;th  of  the  undivided  stream.  If,  however,  the  dUierent  streams 
aSe  dilS  "nt  as  re^  length,  section,  and  material,  then  the  strength  ot  the  current  passing 
in  each  of  the  streams  is  inversely  proportional  to  the  resistance  to  the  conduction. 

Da  Bois-Reymond'8  Rheocord.-This  instrument,  constructed  on  the  principle  of  the 
"secondary"  or  "short  circuit,"  enables  us  to  graduate  the  strength  of  a  galvanic  current  to 
any  required  degree,  for  the  stimulation  of  nerve  and  muscle. 
From  the  two  poles  (fig.  379,  a,  h)  of  a  constant  battery,  there 
are  two  conducting  wires  {a,  c  and  d,  b),  which  go  to  the 
nerve  of  a  frog's  nerve-muscle  preparation  (F).  The  portion 
of  nerve  {c,  d)  introduced  into  this  circuit  {a,  c,  d,  h)  otTers 
vcni  great  resistance.  The  second  stream  or  secondary  circuit 
(a  A,  h  B)  conducted  from  a  and  b  passes  through  a  thick 
brass  plate  (A,  B),  consisting  of  seven  pieces  of  brass  (1  to  7) 
placed  end  to  end,  but  not  in  contact.  They  can  all,  with 
the  e.Kception  of  1  and  2,  be  made  to  form  a  continuous 
conductor  by  placing  in  the  spaces  between  them  the  brass 
plugs  (Si  to  Sj).  Evidently,  with  the  arrangement  shown 
in  tig.  379,  only  a  minimal  part  of  the  current  will  pass 
through  the  nerve  (c,  d],  owing  to  the  very  great  resistance 
in  it,  while  by  far  the  'greatest  part  will  pass  through  the 
good  conducting  medium  of  brass  (A,  L,  B).  If  new  resist- 
ance be  introduced  into  this  circuit,  theu  the  «,  c,  d,  b 
stream  will  be  strengthened.  This  resistance  can  be  intro- 
duced into  the  latter  circuit  by  means  of  the  thin  wires 
marked  I  a,  I  b,  I  c,  II,  V,  X.  Suppose  all  the  brass  plugs 
from  Sj  to  Sj  to  be  removed,  then  the  current  entering  at 
A  must  traverse  the  whole  system  of  thin  wires.  Thus, 
there  is  more  resistance  to  the  passage  of  this  current,  so 
that  the  current  through  the  nerve  must  be  strengthened. 
1  f  only  one  brass  jilug  be  taken  out,  then  the  current  passes 
through  only  the  corresponding  length  of  wire.  The  resist- 
ances offered  by  the  different  lengths  of  wire  from  I  a  to 
X  are  so  arranged  that  I  a,  I  b,  and  I  c  each  represents  a 
unit  of  resistance  ;  II,  double  ;  V,  five  times  ;  and  X,  ten 
times  the  resistance.  The  length  of  wire,  I  a,  can  also  be 
shortened  by  the  movable  bridge  (L)  [composed  of  a  small 
tube  filled  with  mercury,  through  which  the  wires  pass], 
the  scale  {x,  ij)  indicating  the  length  of  the  resistance  wires.  -p-  gyg 

It  is  evident  that,  by  means  of  the  bridge,  and  by  the     „  ,  °'    .  ' 

method  of  using  the  brass  plugs,  the  apparatus  can  be     ^^^^'emc  ot  du  Bois-Reymond  s 
graduated  to  yield  very  variable  currents  for  stimulating  rheocord. 
nerve  or  muscle.    When  the  bridge  (L)  is  pushed  hard  up  to  1  and  2,  the  current  passes 
directly  from  A  to  B,  and  not  through  the  thin  wires  (I  a). 

The  rheostat  is  another  instrument  used  to  vary  the  resistance  of  a  galvanic  current 
( linicatstona). 

327.  ACTION  OF  THE  GALVANIC  CURRENT  ON  A  MAaNETIC  NEEDLE— GAL- 
VANOMETER.— In  1820,  Oerstedt  of  Copenhagen  found  that  a  magnetic  needle,  suspended  in 
the  magnetic  meridian,  was  deflected  by  a  constant  current  of  electricity  passed  along  a  wire 
parallel  to  it.  [The  side  to  which  the  north  pole  is  deflected  depends  upon  the  direction  of  the 
current,^  and  whether  it  passes  above  or  below  the  needle.  ] 

Ampere's  Rule.— Ampere  has  given  a  simple  rule  for  determining  the  direction.  If  an 
observer  be  placed  parallel  to  and  facing  the  needle,  and  if  the  current  be  passing  from  his  feet 
to  his  head,  then  the  north  pole  of  the  needle  will  always  be  deflected  to  the  left,  and  the  south 
pole  ill  the  opposite  direction.  The  effect  exerted  by  the  constant  current  acts  always  in  a 
direction  towards  the  so-called  electro-magnetic  plane.  The  latter  is  the  plane  passing  through 
the  north  pole_  of  the  needle,  artd  two  points  in  the  straight  wire  running  parallel  with  the 
needle.  The  force  of  the  constant  current,  which  causes  the  deflection  of  the  magnetic  needle, 
IS  proportional  to  the  sine  of  the  angle  between  the  electro-magnetic  plane  and  the  plane  of 
vibration  of  the  needle. 

Mxiltiplicator.— The  deflection  of  the  needle  caused  by  the  constant  current  may  be  increased 
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coiling 


the  uouJuetiiig  wire  onaiiy  times  in  tlie  same  direction  on  a  rectangular  frame, 
around  and  in   the   same  direction  as  tlie  needle,  [provided  that   each  turn 


by 

or  merely       —    —    -  -     

of  the  wire  bo  properly  insulated  from  the  other].  An  instrument  constructed  on  this 
principle  is  called  a  inultiplicator  or  multiplier.  The  greater  the  number  of  turns  of  the 
wire,  the  greater  is  the  angle  of  doilection  of  the  needle,  although  the  deflection  is  not  directly 
proportional,  as  the  several  turns  or  coils  are  not  at  the  same  distance  from,  or  in  the  same 


Experience  has  snowu  tnat,  wnon  groat  resistance,  (as  in  animal  tissues;,  is  opposea  to  tne 
galvanic  currents,  we  must  use  a  very  large  number  of  turns  of  thin  wire  round  the  needle,  n, 
however,  the  resistance  in  the  circuit  is  but  small,  c.{/.,  in  thermo-electrical  arrangements,  a  few 
turns  of  a  thick  wire  round  the  needle  are  suflicient.  The  multiplier  may  be  made  more  sensitive 
by  weakening  the  magnetic  directive  force  of  the  needle,  which  keeps  it  pointing  to  the  north. 

Galvanometer  and  Astatic  Needles.— in  the  multiplier  of  Schweigger,  nsed  for  physiological 
purposes,  the  tendency  of  the  needle  to  point  to  the  north  is  greatly  weakened  by  using  the 


N,  astatic  needles 
P.  P,  uon-polaris 


astatic  needles  of  Nobili.  [A  multiplier 
or  galvanometer  with  a  single  magnetic 
needle  always  rerj^uires  comparatively 
strong  currents  to  deflect  the  needle. 
The  needle  is  continually  acted  upon  by 
the  directive  magnetic  influence  of  the 
earth,  which  tends  to  keep  it  in  the 
magnetic  meridian,  and,  as  soon  as  it  is 
moved  out  of  the  magnetic  meridian, 
the  directive  action  of  the  earth  tends 
to  bring  it  back.  Hence,  such  a  simple 
form  of  galvanometer  is  not  sufficiently 
sensitive  for  detecting  feeble  curi-ents. 
In  1827,  Nobili  devised  an  astatic  com- 
bination of  needles,  whereby  the  action 
of  the  earth's  magnetism  was  dimin- 
ished.] Two  similar  magnetic  needles 
are  united  by  a  solid  light  piece  of  horn 
[or  tortoise  shell],  and  are  so  arranged 
that  the  north  pole  of  the  one  is  placed 
over  or  opposite  to  the  south  pole  of  the 
other  (fig.  380).  [If  both  needles  are 
equally  magnetised,  then  the  earth's 
influence  on  the  needle  is  neutralised, 
so  that  the  needles  no  longer  adjust 
themselves  in  the  magnetic  meridian  ; 
hence,  such  a  system  is  called  astatic] 
As  it  is  impossible  to  make  both  needles 
of  absolutely  equal  magnetic  strength, 
one  needle  is  always  stronger  than  the 
other.  The  difference,  however,  must 
not  be  so  great  that  the  stronger  needle 
points  to  the  north,  but  only  that  the 
freely  suspended  system  of  needles  forms 
a  certain  angle  with  the  magnetic  me- 
ridian, into  which  position  the  system 
always  swings  after  it  is  deflected  from 


Fig.  380. 

Scheme  of  the  galvanometer.  N, 

suspended  by  the  sUk  fibre,  G ;  ,  ,  , 
able  electrodes,  containing  zinc  sulphate  solution, 
s,  and  pads  of  blotting  paper,  b,  covered  with  clay, 
t,  t,  on  which  the  muscle,  M,  is  placed ;  II  and  III, 
arrangement  of  the  muscle  on  the  electrodes  ;  IV, 
non-p"olarisable  electrodes ;  Z,  zinc  wire ;  K,  cork  ; 

a,  zinc  sulphate  solution  ;  t,  f,  clay  points.    ^  

this  position.  This  angular  deviation  of  the  astatic  system  towards  the  magnetic  meridian  is 
called  the  "  free  deviation."  The  more  perfectly  an  astatic  condition  is  reached,  the  nearer  does 
the  angle  formed  by  the  direction  of  the  free  deviation  with  the  magnetic  meridian  become  a 
right  angle.  The  greater,  therefore,  the  astatic  condition,  the  fewer  vibrations  will  the  astatic 
s/stem  make  in  a  given  time,  after  it  has  been  deflected  from  its  position.  The  d^ui-a  ion  o 
each  single  vibration  is  also  very  great.  [Hence,  when  using  a  galvanometer,  f  ^^"^^^^"^S 
needle  to  zero,  if  the  magnets  dance  about  or  move  quickly,  then  the  system  is  not  sensitne, 
but  a  sensitive  condition  of  the  needles  is  indicated  by  a  slow  period  of  oscillation.] 

In  making  a  galvanometer,  the  turns  of  the  wire  must  have  the  same  direction  as  the  needles 
In  Nobili's  Salvanometer,  as  improved  by  du  Bois-Reymond,  the  upper  neecUe  swings  above  a 
card  divided  into  degrees  (fig.  380),  on  which  the  extent  of  its  deflection  may  be  read  off".  E^e 
?he  pS  c^^^^^^^^^^  wfre  used  for  the  coils  round  the  needles  always  contains  a  trace  of  iron  which 
exerl  an  influence  upon  the  needles.    Hence,  a  small  fixed  direclive  «r  ,co»"P^"^^top  ina^m 
(,^  is  placed  near  oJ  of  the  poles  of  the  upper  needle  to  compensate  for  the  action  of  the  non 
on  the  needles. 
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328.  ELECTROLYSIS,  POLARISATION,  BATTERIES. —Electrolysis. —Every  galvanic 
current  which  traverses  a  Huid  conductor  causes  dcconii)ositioii  or  electrolysis  of  the  Ihiid.  The 
decomposition-products,  called  " ions,"  accumulate  at  the  poles  (electrodes)  in  the  Ihiid,  the 
positive  pole  (  + )  beiug  called  the  anode  [av^,  up,  6Shs,  a  way],  tlic  negative  pole  (  -  )  the  cathode 
(Kara,  down,  dShs,  a  way).    The  anions  accumulate  at  the  anode  and  the  kations  at  the 

Transition  Resistance. —When  the  decomposition-products  accumulate  upon  tlie  electrodes, 
by  their  presence  they  either  increase  or  diminisli  the  resistance  to  the  electrical  current.  This 
is  called  traiisilion  resistance.  If  the  resistance  within  the  battery  is  thereby  increased,  the 
transition  resistance  is  said  to  ho  positive ;  if  diminished,  negative. 

Galvanic  Polarisation. — Tiie  ions  accumulated  on  the  electrodes  may  also  vary  the  strength 
of  the  current,  by  developing  between  the  anions  and  kations  a  new  galvanic  current,  just  as 
occurs  between  two  dill'erent  boilies  connected  by  a  fluid  medium.  This  phenomenon  is  called 
galvanic  polarisation.  Thus,  when  water  is  decomposed,  the  electrodes  being  of  platinum,  the 
oxygen  (negative)  accumulates  at  tlie  +  polo,  and  the  hydrogen  (positive)  at  the  —  pole.  Usually 
the  "polarisation  current  has  a  direction  oi^yositc  to  the  original  current;  hence,  we  speak  of 
negative  polarisation.  When  the  two  currents  have  the  same  direction,  iMsitive  polarisation  ob- 
tains.   Of  course,  transition  resistance  and  polarisation  may  occur  together  during  electrolysis. 

Test. — Polarisation,  when  present,  may  be  so  slight  as  not  to  be  visible  to  the  eye,  but  it 
may  be  detected  thus  : — After  a  time  exclude  the  i)ri- 
mary  source  of  the  current,  especially  the  element  con- 
nected with  the  electrodes,  and  place  the  free  projecting 
end  of  the  electrodes  in  connection  with  a  galvano- 
meter, which  will  at  once  indicate,  by  the  deflection 
of  its  needle,  the  presence  of  even  the  slightest  polarisa- 
tion. 

Secondaiy  Decompositions.  — The  ions  excreted  dur- 
ing electrolysis  cause,  especially  at  their  moment  of 
formation,  secondary  decompositions.  With  platinum 
electrodes  in  a  solution  of  common  salt,  chlorine  ac- 
cumulates at  the  anode  and  sodium  at  the  cathode,  but 
the  latter  at  once  decomposes  the  water,  and  uses  the 
oxygen  of  the  water  to  oxidise  itself,  while  the  hydro- 
gen is  deposited  secondarily  upon  the  cathode.  The 
amount  of  polarisation  increases,  although  only  to  a 
slight  extent,  with  the  strength  of  tlie  current,  while 
it  is  nearly  proportional  to  the  increase  of  the  tempera- 
ture. The  attempts  to  get  rid  of  polarisation,  which 
obviously  must  very  soon  alter  the  strength  of  the 
galvanic  current,  have  led  to  the  discovery  of  two  im- 
portant arrangements,  viz. ,  the  construction  of  constant 
galvanic  batteries,  and  non-polarisable  electrodes  {du 
Bois-Reymond). 

Constant  Batteries,  Elements,  or  Cells.  — A  perfectly 
coustaut  element  produces  a  constant  current,  i.  c. ,  one 
remaining  of  equal  strength,  by  the  ions  produced  by 
the  electrodes  being  got  rid  of  the  moment  they  are 
formed,  so  that  they  cannot  give  rise  to  polarisation. 


Fig.  381. 

Large  Grove's  cell. 

?°F,*yi  PF1?°^.^,'  5^';^  of  the  substances  from  the  tension  series  used  is  placed  in  a  special 


fluid  (§  326),  both  fluids  being  separated  by  a  porous  septum  (porcelain  cylinder) 

Grove's  cell  has  two  metals  and  two  fluids  (fig.  381 ).  The  zinc  is  in  the  form  of  a  roll  placed  in 
dilute  sulphuric  acid  [1  acid  to  7  of  water,  which  is  contained  in  a  glass,  porcelain,  or  ebonite  vessel]. 
The  platinum  is  in  contact  wit^i  strong  nitric  acid,  [which  is  contained  in  a  porous  cell  placed 
luside  the  roll  of  zinc]  The  0,  formed  by  the  electrolysis  and  deposited  on  the  zinc  plate,  forms 
zmc  oxide,  which  is  at  once  dissolved  by  the  sulphuric  acid.  The  hydrogen  on  the  platinum 
unites  at  once  with  the  nitric  acid,  which  gives  up  0  and  forms  nitrous  acid  and  water,  thus— 

[H2-hHN03  =  HNO.,  +  HoO.] 
[Platinum  is  the  -I-  pole,  and  zinc  the  -  .] 

hpLcT£«^pwY  very  powerful  but  the  nitrous  fumes  are  very  disagreeable  and  irritating; 
hence  these  elements  should  be  kept  in  a  special  well-ventilated  recess  in  the  laboratory,  in  an 
evaporating  chamber,  or  under  glass.    The  fumes  also  attack  instruments.]  ^ 

V^^tZI^t^^'^'^''^      --P--^  -^-^  -^b««tuted  for  the 
[The  carbon  is  the  -|-  pole,  the  zinc  the  -  .] 
[DanieU'8  cell  consists  of  an  outer  vessel  of  glass  or  earthenware,  and  sometimes  of  metallic 
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copper,  filled  with  a  saturated  solution  of  cupric  sulphate  {fi".  382).  A  roll  of  copper,  perforated 
with  a  few  holes,  is  placed  in  the  copper  solution,  and  in  order  that  the  latter  be  kept  mluraUd, 
and  to  supply  the  place  of  the  copper  used  up  by  the  battery  when  in 
action,  there  is  a  small  shelf  on  the  copper  roll,  on  which  are  ]ilaced 
crystals  of  cupric  sulphate.  A  porous  earthenware  vessel  containing 
zinc  in  contact  with  dilute  sulphuric  acid  (1  :  7)  is  placed  within  the 
copper  cylinder.  When  the  circuit  is  completed,  the  zinc  is  acted  on, 
zinc  sulphate  being  formed,  and  hydrogen  liberated.  Tlie  hydropn  in 
statu  nascendi  passes  through  the  porous  cell,  reduces  the  cupnc  sulphate 
to  metallic  copper,  which  is  precipitated  on  the  copper  cylinder,  so  that 
the  latter  is  always  kept  bright  and  clean.  The  liberated  sulphuric 
acid  replaces  that  in  contact  with  the  zinc.  Owing  to  the  absence  ot 
polarisation,  the  Daniell  is  one  of  the  most  constant  batteries,  and  is 
generally  taken  as  the  standard  of  comparison.] 

[The  copper  is  the  +  pole,  zinc  the  -  .] 
[Smee's  cell  contains  only  one  fluid,  viz.,  dilute  sulphuric  acid 


Fig.  382. 
Dauiell's  cell. 


  LouietJB  ucii  contains  only  one  tluitl,  viz.,  , 

(1  :  7),  in  which  the  two  metals,  zinc  and  platinum,  or  zinc  and  platinised  silver,  are  placed. 
The  platinum  is  the  +  pole,  and  zinc  the  -  .] 
[Grennet's  or  the  Bichromate  ceU  consists  of  one  plate  of  zinc  and  two  plates  of  compressed 
carbon  in  a  fluid,  containing  bichromate  of  potash,  sulphuric  acid,  and  water.    The  liuid  con- 
sists of  1  part  of  potassium  bichromate 
dissolved  in  8  parts  of  water,  to  which 
one  part  of  sulphuric  acid  is  added. 
Measure  by  weight.    The  cell  consists 

of  a  wide-mouthed  glass  bottle  (fig.   


Willi 


Fie  383  Fig.  384. 

Fi..  383.-Grennet's  cell.    A,  glass  vessel;  K,  K  carbon ;  Z         ^       \^%^^°yfT84  - 
°  ZZ^.  ^l.™VoJ:?ve2^  fx!  ^rSlS^tSiltrL  ;%bSing 
screw  ;  Z,  zinc  ;  C,  binding  screw  of  negative  pole. 
383)  ;  the  carbons  remain  in  the  fluid,  while  the  ^i-  can  be  raised  It  is  IJt  a 

beiiig  liberated,  which  reduces  the  bichromate  of  potash. 

The  carbon  is  the  +  pole,  and  the  zinc  the  -  .J 
[Leclanche's  ceU  (fig.  384)  consists  of  an  outer  glass  vessel  containing  zinc  m  a  solution  of 
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ammonium  cliloride,  while  the  porous  cell  contains  compressed  carbon  in  a  fluid  mixture  of 
black  oxide  of  manganese  and  carbon.  It  is  most  frequently  used  for  electric  bells,  as  its  feeble 
current  lasts  for  a  long  time. 

The  carbon  is  the  +  pole,  and  the  zinc  the  .] 
Non-polarisable  Electrodes. — If  a  constant  current  be  applied  to  moist  animal  tissues,  e.g., 


Fi 


Fig.  386. 

Z,  zinc  ;  H,  movable  support ;  C, 
Brush  electrodes  of  v.  Fleischl. 


of 


Fig.  385 

385.— Non-polarisable  electrode  of  du  Bois-Reymond, 
"  clay  point — the  whole  on  a  universal  joint.    Fig.  386. 

nerve  or  muscle,  by  means  of  ordiuary  electrodes  composed  either  of  copper  or  platinum 
course  electrolysis  must  occur,  and  in  conseiiuence  thereof 
polarisation  takes  place.  In  order  to  avoid  this,  non-polaris- 
able electrodes  (figs.  380,  385)  are  used.  Such  electrodes  are 
made  by  taking  two  pieces  of  carefully  amalgamated,  pure, 
zinc  wire  (s,  s),  and  dipping  these  in  a  saturated  solution  of 
zinc  sulphate  contained  in  tubes  (a,  a),  whose  lower  ends  are 
closed  by  means  of  modeller's  clay  (<,  <),  moistened  with  0'6 
per  cent,  normal  saline  solution.  The  contact  of  the  tissues 
with  these  electrodes  does  not  give  rise  to  polarity.  [The 
brush  electrodes  of  v.  Fleischl  are  very  serviceable  (tig.  386). 
The  lower  eud  of  the  glass  tube  is  plugged  with  a  camel-hair 
pencil,  moistened  with  modeller's  clay,  otherwise  the  arrange- 
ment is  the  same  as  shown  in  fig.  380,  IV.] 

Arrangement  for  the  Muscle-  or  Nerve-Current. — In  order 
to  investigate  the  electrical  currents  of  nerve  or  muscle,  the 
tissue  must  be  placed  on  non-polarisable  electrodes,  which  may 
either  be  one  of  the  forms  described  above,  or  the  original  form 
used  by  du  Bois-Reymond  (tig.  380).  The  last  consists  of  two 
zinc  troughs  (2',  p)  thoroughly  amalgamated  inside,  insulated  on 
vulcanite,  and  filled  with  a  saturated  solution  of  zinc  sulphate 
(s,  s).  In  each  trough  is  placed  a  thick  pad  or  cushion  of 
white  blottiug  paper  (&,  b)  satiu-ated  with  the  same  fluid  [de- 
riving cushions].  [The  cushion  consists  of  many  layers,  almost 
sufficient  to  till  the  trough,  and  they  are  ke^jt  together  by  a 
thread.  To  prevent  the  acliion  of  the  zinc  sulphate  upon  the 
tissue,  each  cushion  is  covered  with  a  thin  layer  of  modeller's 
clay  {t,  t),  moistened  with  0'6  per  cent,  saline  solution,  which 
is  a  good  .conductor  [clay  guard].  The  clay  guard  prevents 
the  action  of  the  solution  upon  the  tissue.  Connected  with 
the  electrodes  are  a  pair  of  binding  screws,  whereby  the  appa- 
ratus is  connected  with  the  galvanometer  (fig.  380). 

[Reflecting  Galvanometer. — The  form  of  galvanometer, 
used  in  this  country  for  physiological  purposes,  is  that  of  Sir 
William  Thomson  (tig.  387).    In  Germany,  "Wiedemann's  form  -r^  007 

is  more  commonly  used.     In  Thomson's  instrument,  the  '°' 
astatic  needles  are  very  light,  and  connected  to  each  other  Thomson's    reflecting  gulvano- 
by  a  piece  of  aluminium,  and  each  set  of  needles  is  surrounded     meter,    w,  upper,  I,  lower  coil ; 
by  a  separate  coil  of  wire,  the  lower  coil  {I)  winding  in  a  levelling  screws  ;  m,  mag- 

direction  opposite  to  that  of  the  upper  (m).    A  small,  round,     net,  on  a  brass  support,  b. 
light,  slightly  concave  mirror  is  fixed  to  the  upper  set  of  needles.     The  needles  are  sus- 
pended by  a  delicate  silk  fibril,  and  tliey  can  be  raised  or  lowered  as  required  by  means  of  a 
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small  milled  head.  Wliun  the  milled  head  is  raised,  the  system  of  needles  swings  freely. 
The  coils  are  protected  by  a  glass  shiide,  and  the  whole  stands  on  a  vulcanite  base,  which 
is  levelled  by  three  screws  (s,  s).  On  a  brass  rod  (6)  is  a  feeble  magnet  (m),  which  is  used  to 
give  All  artillcial  meridian.    Tho  magnet  (m)  can  be  raised  or  lowered  by  means  of  a  milled 

^^TLainp  and  Scale.— When  tho  instrument  is  to  be  used,  place  it  so  that  the  coils  face  east  and 
west  At  3  feet  distant  from  the  front  of  tlio  galvanometer,  facing  west,  is  placed  the  lamp  and 
scale  (tiff  388).    There  is  a  small  vertical  slit  in  front  of  the  lamp,  and  the  image  of  this  slit  is 

projected  on  the  mirror  attached  to  the  upper  needles,  and  by  it 
is  reflected  on  to  the  ])aper  scale  iixed  just  above  the  slil.  The 
spot  of  light  is  focussed  at  zero  by  means  of  the  magnet,  w. 
The  needles  are  most  sensitive  when  the  oscillations  occur 
slowly.  The  sensitiveness  of  the  needles  can  be  regulated  by 
means  of  the  magnet.  In  every  case  the  instrument  must  be 
quite  level,  and  for  this  purjiose  there  is  a  small  spirit-level  in 
the  base  of  the  galvanometer.  ]  _  _ 

[Shunt. — As  the  galvanometer  is  very  delicate,  it  is  con- 
venient to  have  a  shunt  to  regulate  to  a  certain  extent  the 
amount  of  electricity  transmitted  through  the  galvanometer. 
The  shunt  (fig.  389)  consists  of  a  brass  box  containing  coils  ot 
German  silver  wire,  and  is  constructed  on  the  same  piinciple  as 
resistance  coils  or  the  rheocord  (§  326).  On  the  upper  surface 
of  the  box  are  several  plates  of  brass  separated  from  each  other, 
like  those  of  the  rheocord,  but  which  can  be  united  by  brass 
-  o  -  plugs.    The  two  wires  coming  from  the  electrodes  are  connected 

Lamp  and  scale  for  Thomson's  ^yj^f^  the  two  binding  screws,  and  from  the  latter  two  wires  are 
galvanometer.  led  to  the  outer  two  binding  screws  of  the  galvanometer.  By 

niacin^'  a  plug  between  the  brass  plates  attached  to  the  two  binding  screws  in  the  figure,  the 
current  is  short-circuited.  On  removing  both  plugs,  the  whole  of  the  current  must  pass 
through  the  galvanometer.  If  one  plug  be  placed  between  the  central  disc  of  brass  and  the 
plate  marked  (the  other  being  left  out),  then  ^th  of  the  current  goes  through  the  gahano- 
piate  ma        ^,  v  ^^^^^  electrodes.    If  the  plug  be  placed  as  shown  m 

the  figure  opposite  ^h,  then  rh^th  part  of  the  current  goes  to  the  gal- 
vanometer, while  A\ths  are  short-circuited.  If  the  plug  be  placed 
opposite        only  ^'j^th  part  goes  through  the  galvanometer.] 

Internal  Polarisation  of  Moist  Bodies.— Nerves  and  muscular  fibres, 
the  iuicv  parts  of  vegetables  and  animals,  fibrin,  and  other  similar  bodies 
possessing  a  porous  structure  filled  with  fluid,  exhibit  the  phenomena  of 
polarisation  when  subjected  to  strong  currents-a  condition  tei-med 
internal  polarisation  of  moist  bodies  by  du  Bois-Reymond  It  is  assumed 
that  the  solid  parts  in  the  interior  of  these  bodies  which  are  better 
conductors,  produce  electrolysis  of  the  adjoimng  fluid,  just  like  metals 
in  contact  with  fluid.  The  ions  produced  by  the  decomposition  of  the 
internal  fluids  give  rise  to  difi'erences  of  potential,  and  thus  cause  m- 

^''SaSrirActiol-K  the  two  electrodes  from  a  galvanic  batteiy 
be  placed  in  the  two  compartments  of  a  fluid  separated  from  each  other 
by  a  porous  septum,  we  observe  that  the  flmd  particles  pass  in  the 
direction  of  the  galvanic  current,  from  the  +  to  the  -  pole,  so  hat 
after  some  time,  the  fluid  in  the  one  half  of  the  vessel  increases,  while  it 
diminishes  in  the  other.    The  phenomena  of  direct  ti-ansference  were 
caUed  bv  du  Bois-Reymond  the  cataphoric  action  of  the  constant  cim-cnt.    The  introduction  ot 
dSolve^  subltancesTrough  the  slii  by  means  of  a  constant  current  depends  upon  this  action 
(§  290),  and  so  does  the  so-called  PoiTefs  phenomenon  m  living  muscle  (S  293  1. ,  <>). 

External  SecondaiT  Eesistance.-This  condition  also  depends  on  ^«.t'^P^°^^^'=,  ^.^^^      J*  ^, 
copper  electrodes  of  a  constant  battery  be  placed  in  a  vessel  fi^^f  Jith  a  sol^^^^^^^^  ot  cupri. 
su  phate,  and  from  each  electrode  there  pro  ect  a  cushion  saturated  with  ^  f  f  ^^^/'l' 
pkcing  L  piece  of  muscle,  cartilage,  vegetable  tissue,  or  ^^en  a  pnsn  at  c  s  up  of  coa^^^^^^^^ 
albumTn  across  these  cushions,  we  observe  that,  very  soon  after  the  cuemt     f lof  d,  tnere  ^ 

current  we  cause  the  same  changes  in  the  intensity.       ^  1  '^^'^J^r^^^^^^  of  the 

he  used  for  the  experiment,  we  observe  that,  simultaneouslj  witn  ^ue  enieemen.L 


Shunt  for  galvano- 
meter. 
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circuit,  wliicli  explains  the  cnfeoblement  oF  the  galvanic  current.    This  phenomenon  is  called 
"  external  secondary  resistance  "  {du  Bois-Ecymond). 

329   INDUCTION— EXTRA-CURRENT— MAGNETIG-INDTJGTION.— Induction  of  the 

Extra-Ciu'rent.  If  a  "alvanic  clement  is  closed  by  means  of  a  short  arc  of  wire,  at  the  nionieiit 

the  circuit  is  a^ain  opened  or  broken,  a  slujld  spark  is  observed.  If,  however,  the  circuit  is 
made  or  closedly  means  of  a  very  long  wire  rolled  in  a  coil,  then  on  breaking  the  circuit  there 
is  a  strong  spark.  If  the  wires  be  connected  with  two  electrodes,  so  that  a  person  can  hold  one 
in'oachliand,  the  current  at  the  moment  it  is  opened  must  pass  through  the  person's  body, 
then  there  is'a  violent  shock  communicated  to  the  hand.  This  phenomenon  is  due  to  a  current 
induced  in  tlie  long  spiral  of  wire  which  Faraday  called  the  extra -current.    It  is  caused  thus  : 

 When  the  circuiris  closed  by  means  of  the  spiral  wire,  the  galvanic  current  passing  along  it 

excites  an  electric  current  in  the  adjoining  coils  of  the  same  spiral.  At  the  moment  of  closing 
or  makino-  the  circuit  in  the  spiral,  the  induced  current  is  in  the  opposite  direction  to  the 
"alvanic  'current  in  the  circuit  ;  hence  its  strength  is  lessened,  and  it  causes  no  shock.  At 
tlie  moment  of  opening,  however,  the  induced  current  has  the  same  direction  as  the  galvanic 
stream,  and  hence  its  action  is  strengthened. 

Magnetisation  of  Ii-on. — If  a  rod  of  soft  iron  be  placed  in  the  cavity  of  a  spiral  of  copper 
wire,  then  the  soft  iron  remains  magnetic  as  long  as  a  galvanic  current  circulates  in  the 
spiral.  If  one  end  of  the  iron  rod  be  directed  towards  the  observer,  and  the  other  away  from 
him,  and  if,  further,  the  positive  cun-ent  traverse  the  spiral  in  the  same  direction  as  the 
hands  of  a  clock,  then  the  end  of  the  magnet  directed  towards  the  person  is  the  negative  pole 
of  the  magnet.  The  power  of  the  magnet  depends  upon  the  number  of  spiral  windings,  and  on 
the  thickness  of  the  iron  bar.  As  soon  as  the  current  is  opened,  the  magnetism  of  the  iron 
rod  disappears. 

Induced  or  Faradic  Current. — If  a  very  long,  insulated,  wire  be  coiled  into  the  form  of  a 
spiral  roll,  which  we  may  call  the  secondary  spiral,  and  if  a  similar  spiral,  the  primary  spiral, 
be  placed  near  the  former,  and  the  ends  of  the  wire  of  the  primary  spiral  be  connected  with, 
the  poles  of  a  constant  battery,  every  time  the  current  in  the  primary  circuit  is  made  (closed), 
or  broken  (opened),  a  current  takes  place,  or,  as  it  is  said,  is  induced  in  the  secondary  spiral. 
If  the  primary  circuit  be  kept  closed,  and  if  the  secondary  spiral  be  brought  nearer  to,  or 
removed  further  from,  the  primary  spiral,  a  current  is  also  induced  in  the  secondary  spiral 
{Faraday,  1832).  The  current  in  the  secondary  circuit  is  called  the  induced  or  Faradic 
ciirrent.  When  the  primary  circuit  is  closed,  or  when  the  two  spirals  are  brought  nearer  to 
each  other,  the  current  in  the  secondary  spiral  has  a  direction  op^wsite  to  that  in  the  primary 
spiral,  while  the  current  produced  by  opening  the  primaiy  circuit,  or  by  removing  the  spirals 
further  apart,  has  the  saine  direction  as  the  primary.  During  the  time  the  primary  circuit  is 
closed,  or  when  both  spirals  remain  at  the  same  distance  fi'om  each  other,  there  is  no  current  in 
the  secondary  spiral. 

Difference  between' the  Opening  [break]  and  Closing  [make]  Shocks. — The  opening  and  closing 
shocks  in  the  secondary  spiral  are  distinguished  from  each  other  in  the  following  respects  (fig. 
390)  : — The  amount  of  electricity  is  the  same,  during  the  opening,  as  during  the  closing  shock, 
but  during  the  opening  shock,  the  electricity  rapidly  reaches  its  maximum  of  intensity  and 
lasts  but  a  short  time,  while  during  the  closing  shock,  it  g^radually  increases,  but  does  not 
reach  the  high  maximum,  and  this  occiu's  more  slowly.  [In  tig.  390,  and  S„  are  the  abscissaj 
of  the  primary  (inducing)  and  induced  currents  respectively.  The  vertical  lines  or  ordinaics 
represent  the  intensity  of  the  current,  while  the  length  of  the  abscissa  indicates  its  duration. 
Curve  1  indicates  the  course  of  the  primary  current,  and  2,  that  in  the  secondary  spiral 
(induced)  when  the  current  is  closed,  while  at  I  the  primary  current  is  suddenly  opened,  when 
it  gives  rise  to  the  induced  current,  4,  in  the  secondary  spiral.]  The  cause  of  the  difference  is 
the  following  : — When  the  primary  circuit  is  closed,  there  is  developed  in  it  the  extra-current, 
which  is  opposite  in  direction  to  the  primary  current.  Hence,  it  opposes  considerable  resistance 
to  the  complete  development  of  the  strength  of  the  primary  current,  so  that  the  current  induced 
in  the  secondary  spiral  must  also  develop  slowly.  But  when  the  primary  spiral  is  opened,  the 
extra-current  in  the  latter  has  the  same  direction  as  the  pi-imary  current — there  is  no  exti-a 
resistance.  The  rapid  and  intense  action  of  the  opening  induction  shock  is  of  great  physio- 
logical importance. 

Break  or  Opening  Shock.— [On  applying  a  single  induction  shock  to  a  nerve  or  a  muscle,  the 
effect  is  greater  with  the  break  or  opiening  shock.  If  the  secondary  spiral  be  separated  from  the 
primary,  so  that  the  induced  currents  are  not  sufficient  to  cause  contraction  of  a  muscle  when 
a]5plied  to  its  motor  nerve,  then,  on  gradually  approximating  the  secondary  to  the  primary 
spiral,  the  break  or  opiening  shock  will  cause  a  contraction  before  the  closing  one  does  so.] 

Hehnholtz's  Modification. — Under  certain  circumstances,  it  is  desirable  to  eP[ualise  the  make 
and  break  shocks.  This  may  be  done  by  greatly  weakening  the  extra-current,  which  may  be 
accomplished  by  making  the  primary  spiral  of  only  a  few  coils  of  wire.  V.  Helmliolt7, 
accomplishes  the  same  result  by  introducing  a  secondary  circuit  into  the  primary  current.  By 
this  arrangement  the  current  in  the  primary  spiral  never  completely  disa]ipears,  but  by 
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alternately  making  and  breaking  this  secondary  circuit  where  the  resistance  is  much  less,  it  is 
alternately  weakened  and  strengthened 


[In  lig.  391  a  wire  is  introduced  between  a  and  /,  while  the  binding  screw,  /,  is  se] 
from  the  platinum  contact,  c,  of  Neel's  hammer,  hut,  at  the  same  time  the  screw,  d,  is  rs 
that  it  touches  Noof's  hammer.    The  current  passes  from  the  battery,  K,  through  the  pi 

^  \  r::;:rn 


iparated 
•aised  so 
pillar,  a, 


Fig.  390.  Fig-  391. 

Yicf.  390.— Scheme  of  the  induced  currents.   Tj,  abscissa  of  the  primary,  and  S^,  of  the  secondary 
°  current  ;  A,  beginning,  and  E.  end  of  the  inducing  current ;  1,  cuiTe  of  the  jirimary 
current  weakened  by  the  extra-current ;  3,  where  the  primary  current  is  opened;  2  and  4, 
correspondino-  currents  induced  in  the  secondary  spiral;  P„,  height,  i.e.,  the  strength  ol 
the  constant  inducing  current;  5  and  7,  the  curve  of  the  inducing  current  when  it  is 
opened  and  closed  during  Helmholtz's  modification ;  6  and  8,  the  corresponding  currents 
induced  in  the  secondary  circuit.    Fig.  391.— Helmholtz's  modification  of  Neefs  hammer. 
As  lono-  as  c  is  not  in  contact  with  d,  g  h  remains  magnetic  ;  thus  c  is  attracted  to  d  and 
a  secondary  circuit,  a,  b,  c,  d,  n  is  formed;  c  then  springs  back  again,  and  thus  the  process 
goes  on.    A  new  wire  is  introduced  to  connect  a  with/.    K,  battery, 
to  fin  the  direction  of  the  arrow,  through  the  primary  spiral,  P,  to  the  coil  of  soft  wire,  g,  and 
back  to  the  battery,  through  h  and  e.    But  g  is  magnetised  thereby,  and  when  it  is  so,  it  attracts 
G  and  makes  it  touch  the  screw  d.    Thus  a  secondary  circuit,  or  short  circuit,  is  formed  through 
a  b  c  d  e  which  weakens  the  current  passing  through  the  electro-magnet,  g,  so  that  the 
eiastic'metallic  spring  flies  up  again  and  the  current  through  the  primary  spiral  is  long-cu^cmted, 
and  thus  the  process  is  repeated.    lu  fig.  390  the  lines  1  and  7  indicate  the  coiirse  of  tie  current 
in  the  primary  circuit  at  closing  («),  and  opening  {c).    It  must  be  remembered  that  m  this 
arrangement  there  is  always  a  current  passing  through  the  primary  spiral,  P  (fig.  391).  ihe 
dotted  lines,  6  and  8,  above  and  below  So,  represent  the  course  of  the  opening  («)  and  closing 
shocks  ie)  in  the  secondary  spiral.    Even  with  this  arrangement  the  opening  is  still  slightly 
stroncrer  than  the  closing  shock.]    The  two  shocks,  however,  may  be  completely  equalised  by 
placincr  a  resistance  coil  or  rheostat  in  the  short  circuit,  which  increases  the  resistance,  and  thus 
increases  the  current  through  the  primary  spiral  when  the  short  circuit  is  closed. 

Unipolar  Induction.— When  there  is  a  very  rapid  current  in  the  primary  spiral,  not  only  is 
there  a  current  induced  in  the  secondary  spiral,  when  its  free  ends  are  closed,  e.g.,  by  being 
connected  with  an  animal  tissue,  but  there  is  also  a  current  when  one  wire  is  attached  to  a 
binding  screw  connected  with  one  end  of  the  wire  of  the  secondary  spiral  (p.  537).  A  muscle 
of  a  frocr's  leg,  when  connected  mth  this  wire,  contracts,  and  this  is  called  a  icnipolar  ind^iced 
contraction.  It  usually  occurs  when  the  primary  circuit  is  opened.  The  occun-ence  of  these 
contractions  is  favoured,  when  the  other  end  of  the  spira  is  placed  in  connection  with  the 
gi-ound,  and  when  the  frog's  muscle  preparation  is  not  completely  insulated.^ 

Mameto-Induction.— If  a  masruet  be  brought  near  to,  or  thrust  into  the  interior  of,  a  coil  of 
wire  it  excites  a  current,  and  also  when  a  piece  of  soft  iron  is  suddenly  rendered  i"ag«etK;0'- 
suddenlv  demagnetised.  The  direction  of  the  current  so  mduced  in  the  spiral  is  exactly  the 
same  as  that  with  Faradic  electricity,  i.e.,  the  occurrence  of  the  magnetism  on  approximating 
^hTspiral  to  a  magnet,  excites  an  induced  current  in  a  direction  opposite  to  that  supposed  to 
ciiculate  in  the  magnet.  Conversely,  the  demagnetisation,  or  the  removal  of  the  spiml  from 
the  magnet,  causes  a  current  in  the  same  direction.  •   i     t,-  i  „„o;i,- 

ISic  Tetanus. -If  a  magnet  be  rapidly  moved  to  and  fro  near  a  spiral  which  can  easily 
bedonTby  fix  ng  a  vibrating  magnetic  rod  it  one  end  and  allowing  the  other  end  o  smug 
freelv  neai  the  spiral,  then  the  pitch  of  the  note  of  the  vibrating  rod  gives  us  the  rapidity  of  the 
Ston  shocir  if  a  frog's  Lrve-muscle  preparation  be  stimulated,  we  get  what  Grossmann 
called  "acoustic  tetanus." 
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^iqn  DU  BOIS-REYMOND'S  INDUCTORIUM— MAGNETO-INDUCTION  APPARATUS.— 
Theinductormmof  dii  Bois-Reymond,  which  is  used  for  physiological  purposes  ,s  a  modihcation 
ot  the  n  ac^^^ieto.eloctromotor  apy.aratus  of  Wagner  a,ul  Necf.  A  scheme  of  the  apparatus  is 
^  vei  iu  ii-  39-'  D  represents  the  galvanic  battery.  The  wire  from  the  posi  lye  pole,  a,  passes 
?o  a  metamc  cohunn,  s!  which  has  a  horizontal  vibrating  spring  F  ^t*?,^  {f  "^^^^^^ 

To  the  outer  end  of  the  spring  a  square  piece  of  iron,  c,  is  attached,  iho  middle  point  ot  tl  c 
iipper  surface  of  the  spring  [covered  with  a  little  piece  of  platinum]  is  111  contact  with  a  movable 
scTew  r  A  moderately  thick  copper  wire,  c,  passes  from  the  screw,  h,  to  the  primary  spira 
or  coil  r  x  which  contains  in  its  interior  a  number  of  pieces  of  soft  iron  wire,  i,  i,  covered 
with  an 'insulating  varnish.  The  copper  wire  which  surrounds  the  primary  spiral  is  covered 
with  silk  The  wire,  d,  is  continued  from  the  primary  spiral  to  a  horseshoe  piece  of  solt  iron, 
H  around  which  it  is  coiled  si)irally,  and  from  thence  it  proceeds,  at  /,  back  to  the  negative 
pole  of  the  battery,  g.  When  the  current  in  this  circiiit— called  the  primary  circuit— is  closed, 
the  followiu"  oH'ects'are  produced  :— The  horee-shoe,  H,  becomes  magnetic,  in  consequence  of 
which  it  attracts  the  movable  spring  or  Neef's  hammer,  c,  whereby  the  contact  of  the  spring, 
F  with  the  screw,  h,  is  broken.  Thus  the  current  is  broken,  the  horse-shoc  is  demagnetised, 
the  sprin'^  e  is  liberated,  and,  being  elastic,  it  springs  upwards  again  to  its  original  position  in 
contact  with  b,  and  tluis  the  current  is  re-established.  The  new  contact  causes  H  to  be 
remagnetised,  so  that  it  must  alternately  rapidly  attract  and  liberate  the  spring,  e,  whereby  the 
primary  current  is  rapidly  made  and  broken  between  F  and  h. 


Fig.  392. 

I,  Scheme  of  du  Bois-Reymond's  sledge  induction  machine.  D,  galvanic  battery ;  a,  wire 
from  +  pole,  {g)  -  pole  ;  S,  brass  upright ;  F,  elastic  spring  ;  h,  binding  screw  ;  c,  wire 
round  primary  spiral  {x,  x),  containing  {i,  i)  soft  iron  wire  ;  K,  K,  secondary  sj^iral,  with 
board  {p,  p)  on  which  it  can  be  moved  ;  H.  soft  iron  magnetised  by  current  {d,  f)  passing 
round  it.  II,  key  for  secondary  circuit,  as  shown  it  is  short-circuited.  Ill,  electrodes 
(?•,  r),  with  a  key  (K)  for  breaking  the  circuit. 

A  secondary  spiral  or  coil  (K,  K)  is  placed  in  the  same  direction  as  the  primary  {x,  x),  but 
having  no  connection  with  it.  It  moves  in  grooves  upon  a  long  piece  of  wood  {ji,  p).  The 
secondary  spiral  consists  of  a  hollow  cylinder  of  wood  covered  with  numerous  coils  of  thin  silk- 
covered  wire.  The  secondary  spiral,  moving  in  slots,  can  be  approximated  to  or  even  pushed 
entirely  over  the  primary  spiral,  or  can  be  removed  from  it  to  any  distance  desired. 

[Fig.  393  shows  the  actual  arrangement  of  du  Bois-Reymond's  inductorium.  The  primary 
coil  (R')  consists  of  about  150  coils  of  thick  insulated  copper  wire,  the  wire  being  thick  to  ofl'er 
slight  resistance  to  the  galvanic  current.  The  secondary  coil  (R")  consists  of  6000  turns  of 
thin  insulated  copper  wire  arranged  on  a  wooden  bobbin  ;  the  whole  spiral  can  bo  moved  along 
the  board  (B)  to  which  a  millimetre  scale  (I)  is  attached,  so  that  the  distance  of  the  secondary 
from  the  primary  spiral  may  be  ascertained.  At  the  left  end  of  the  apparatus  is  Wagner's 
hammer,  as  adapted  by  Neof,  which  is  just  an  automatic  arrangement  for  opening  and  breaking 
the  primary  circuit.  When  Neef's  hammer  is  used,  the  wires  from  the  battery  arc  connected 
as  in  the  figure ;  but  wlien  single  shocks  are  required,  the  wires  from  the  battery  are  connected 
with  a  key,  and  this  again  with  the  two  terminals  of  the  primary  spiral,  S"  and  S'".    In  the 
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improvod  form  of  this  apparatus  (fig.  394)  the  secondary  spiral  is  equiposed  over  a  pulley 
with  a  back  weight,  so  that  it  can  move  easily  in  a  vertical  direction  to  and  from  the  primary 
spiral.    A.  do  Wattevillo  has  used  a  form  similar  to  this  for  a  long  time.] 

According  to  the  law  of  induction  (§  329),  when  the  pi'iniary  cii  cuit  is  closed,  a  current  is  in- 
duced in  the  secondary  circuit  in  a  direction  the  reverse  of  that  in  the  i)i  imary,  while,  when  it 
is  opened,  the  induced  current  has  the  m-ma  direction.  Further,  according  to  the  laws  of 
ma"neto-induction,  the  magnetisation  of  the  iron  rods  (i,  -t)  within  the  primary  sjiiral  (»,  a-), 
causes  a  reverse  current  in  the  secondary  spiral  (K,  K),  while  the  demagnetisation  of  the  iron 
rods,  on  opening  the  primary  circuit,  causes  an  induced  current 
in  the  same  direction.  Thus,  wo  explain  the  much  more  powerful 
action  of  the  opening  or  break  .shock  as  compared  with  the  closing 
or  make  shock  (p.  481).  [The  direction  of  the  imluciwj  current 
remains  the  same,  while  the  induced  currents  are  constantly 
reversed.  ] 

The  magneto-induction  (R)  apparatus  of  Pixii,  as  improved 
by  Stohrcr,  consists  of  a  very  ])owerful  horse-shoe  steel  magnet 
(fig.  395).  Opposite  its  two  poles  (N  and  S)  is  a  horse-shoe- 
shaped  piece  of  iron  (H),  which  rotates  on  a  horizontal  axis  {a,b). 
On  the  ends  of  the  horse-shoe  are  fixed  wooden  bobbins  (c,  d), 
with  an  insulated  wire  coiled  round  them.  When  the  horse- 
shoe is  at  rest,  as  in  the  figure,  it  becomes  magnetised  by  the 


Fig. 


Fig.  393.  Fig.  394. 

393.— Induction  apparatus  of  du  Bois-Reymond.  R',  primary,  R",  secondary  spii-al ;  B, 
board  on  which  R"  moves  ;  I,  scale  ;  -f-      wires  from  battery  ;  P',  P",  pillars  ;  H,  Is eefs 
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hammer;  B',  electro-magnet;  S',  binding  screw  touching  the  steel  spring  (H)  ;  »  ajitl 
S'",  binding  screws  to  which  to  attach  wires  where  Neef's  hammer  is  not  required.  Fig. 
394. — New" form  of  du  Bois-Reymond's  inductorium. 
steel  ma'^net  while  in  the  wires  of  both  bobbins  (c  and  d)  an  electric  current  is  developed  every 
time  the  horse-shoe  is  demagnetised,  and  again  magnetised.  When  the  bobbins  rotate  m 
front  of  the  magnet,  as  each  coil  approaches  one  pole,  a  current  is  induced,  and  similarly  when 
it  is  carried  past  the  pole  of  the  magnet,  so  that  four  currents  are  induced  in  each  coil  by  a  single 
rotation.  By  means  of  Stohrer's  commutator  (m,  n)  attached  to  the  spindle  («,  b)  and  the 
divided  metal  plates  (i/,  s)  which  pass  to  the  electrodes,  the  two  currents  induced  in  the  bobbms 
are  obtained  in  the  same  direction. 

Keys,  or  arrangements  for  opening  or  closing  a  circuit,  are  of  great  use.  iig.  dSi,  li,  snows 
a  scheme  of  the  friction  key  of  du  Bois-Reymond,  introduced  into  the  secondary  circuit.  It 
consists  of  two  brass  bars  [z  and  y)  fixed  to  a  plate  of  ebonite,  and  as  long  as  the  key  is  down 
on  the  metal  bridge  {y,  r,  z)  it  is  "  sJwH-circidted,"  i.e.,  the  conduction  is  so  good  through  the 
thick  brass  bars  that  none  of  the  current  goes  through  the  wires  leading  from  the  left  of  the 
kev  When  the  bridge  (;•)  is  lifted  the  current  is  opened.  [Fig.  396  shows  the  form  of  the 
key  V  heiwr  a  screw  wherewith  to  clamp  it  to  the  table.]  Similarly  the  key  electrodes  (III) 
may  be  used,  the  cun-ent  being  made  as  soon  as  the  spring  connecting-plate  (c)  is  raised  by 
nressino-iipon  /,:.  This  instrument  is  opened  by  the  hand;  a,  b  are  the  wires  from  the  battery 
or  induction  machine'.;  r,  r,  those  going  to  the  tissue  ;  G  the  handle  of  the  instrument 

fPluK  Kev  -Other  forms  of  keys  are  in  use,  e.g.,  fig.  397,  the  plug  key,  the  two  biass  plates 
to  which  the  wires  are  attached  being  fixed  on  a  plate  of  ebonite.  The  brass  plug  is  used  to 
connect  the  two  brass  plates.    All  these  are  di-y  contacts,  but  sometimes  a/uirf  contact  is  used 
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«<,  i„  thP  mercury  key  wliich  merely  consists  of  a  block  of  wood  with  a  cup  of  mercury  in  its 
ren"e'  'Z  emfs  o7*e^  dip  into  the  mercury  ;  when  both  wues  d.p 

into  the  mercury  the  circuit  is  made,  and  when  one  is  out  it  is  broken.  J 
[Capillary  Contact  Key.— Where  an  ordinary  mercury  key  is  used  to  open  ana  ciost 


Fig.  395. 

Magneto-induction  apparatus,  with  Stbhrer's 
commutator. 


Fig.  396. 
Du  Bois-Reymond's  friction  key. 


primary  "circuit,  the  layer  of  oxide  formed  on  the  surface  by  the  opening  spark  disturbs  the  con- 
duction after  a  short  time ;  hence,  it  is  adyisable  to  wash  the  surface  of  the  mercury  with  a  dilute 
solution  of  alcohol  and  water  (  fF.  Stirling).  A  handy  form  of  "  capillary  contact "  is  shown  in 
fig.  398,  such  as  was  used  by  Kronecker  and  Stirling  in  their  experiments  on  the  heart.  "A 
gfass  T-twbe  is  provided  at  the  crossing  point  with  a  small  opening  {a).    The  vertical  tube  (6) 


Fig.  397.  Fig.  398. 

Fig.  397. — Plug  key.  Fig.  398. — Capillary  contact,  e,  vibrating  platinum  style  adjustable 
by/ and  g  and  dipping  into  mercury  at  a  ;  bent  tube  filled  with  mercury,  into  which  dips 
a  wire  {d) ;  a,  opening  in  cross  tube  (c). 

is  bent  in  the  form  of  a  U,  and  filled  so  full  with  mercury  that  the  convex  surface  of  the  latter 
projects  within  the  lumen  of  the  transverse  tube  (c).  One  end  of  c  is  connected  with  a  Mariotte's 
flask  containing  diluted  alcohol,  and  the  supply  of  the  latter  can  be  regulated  by  means  of  a 
stop-cock.  The  fluid  flows  over  the  apex  of  the  mercury  and  keeps  it  clean,  the  vibrating 
platinum  style  (c)  is  attached  to  the  end  of  a  rod,  which  in  turn  is  connected  with  the  positive 
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polo  oE  tho  battery,  while  tlm  platinum  wire  {d)  is  connected  with  the  negative  pole  of  the 
"battery."] 

331  ELECTRICAL  CURRENTS  in  PASSIVE  MUSCLE  and  NERVE— SKIN  CURRENTS. 
— Methods.  —In  order  to  investigate  the  laws  of  the  muscle-current,  we  must  use  a  muscle 
composed  of  parallel  libres,  and  with  a  simple  arrangement  of  its  libres  in  the  form  of  a  prism 
or  cylinder  (li"  399,  I  and  II).  The  sartorius  muscle  of  the  frog  sujiplies  these  conditions.  In 
such  a  muscle,  we  distinguish  the  surface  or  the  natural  longitudinal  section,  its  tendinouB 
ends  or  the  natural  transverse  section  ;  further,  when  the  latter  is  divided  transversely  to  the 
lon-^  axis,  the  artificial  transverse  section  (fig.  399,  I,  c,  d) ;  lastly,  the  term  equator  [a,  b-m,  n) 
is  applied  to  a  lino  so  drawn  as  exactly  to  divide  the  length  of  the  muscle  mto  halves.  As  the 
currents  are  very  feeble,  it  is  necessary  to  use  a  galvanometer  with  a  periodic  damped  magnet 
(fin's  380  I,  and  387),  or  a  tangent  mirror-boussole  similar  to  that  used  for  thermo-electric 
purposes  (fig.  230).  The  wires  leading  from  the  tissue  are  connected  with  non-polarisable  elec- 
trodes (fig.  380,  P,  P).  XI  Anr.\ 
The  capillai-y-electrometer  of  Lippmann  may  be  used  for  detecting  the  current  (hg.  400). 
A  thread  of  mercury  enclosed  in  a  capillary  tube  and  touching  a  conducting  fluid,  c.jf.,  dilute 

sulphuric  acid,  is  displaced  by 
the  constant  current,  in  conse- 
quence of  the  polarisation  tak- 
ing place  at  the  point  of  contact 
altering  the  constancy  of  the 
capillarity  of  the  mercury.  The 
displacement  of  the  mercury 
which  the  observer  (B)  detects 
by  the  aid  of  the  microscope 
(M)  is  in  the  direction  of  the 
positive  current.    R  is  a  capil- 
lary glass    tube,   filled  from 
above  with  mercury,  and  from 
below  with   dilute  sulphuric 
acid.    Its  lower  narrow  end 
opens  into  a  wide  glass  tube, 
provided  below  with  a  platinum 
wire  fused  into  it  and  filled 
with  Hg  (5),  and  this  again  is 
covered  with  dilute  sulphuric 
acid  (s).    The  Avires  are  con- 
nected   with  non-polarisable 
electrodes  applied  to  the  -f  and 
-  surfaces  of  the  muscle.  On 
closing  the  circuit,  the  thread 

  of  mercury  passes  downwards 

Fitf.  400.  from  «  ^  t^*^  direction  of  the 

Capillary  "electrometer,  ^"^"o mp e  ns a  t ion. -T  h  e 

R,  niercury  in  tube  I  e^^i^^^f  the  current  in  ani- 
capillary  i^Libe  ;     sul-        |  ^^^^^  ^^^^^^.^^  ^ 

f^'TJvi  M  mi'tlie  compensation  method  of 
B,  observer  ,  Al,  mi  p^gggj^j^-j.f  Bois-Rey- 

mond.     A  current  of  known 
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Fig.  399. 
Scheme  of  the  muscle-current. 


croscope. 

strength,  or  which  can  be  accurately  graduated,  is  passed  in  an  opposite  direction  through  the 
same  galvanometer  or  boussole,  until  the  current  from  the  animal  tissue  is  just  neutralised  or 
compensated.  [When  this  occurs,  the  needle  deflected  by  the  tissue-current  returns  ^^.JT' 
The  principle  is  exactly  the  same  as  that  of  weighing  a  body  in  terms  of  some  standard  weignts 
placed  in  the  opposite  scale-pan  of  the  balance.]  . 

[Hermann  calls  the  current  obtained  from  an  injured  muscle,  i.e.,  one  on  which 
an  artificial  transverse  or  other  section  has  been  made,  a  demarcation-current, 
while  the  currents  obtained  when  such  a  muscle  contracts,  he  caUs  action-currents. 
This  section  deals  with  demarcation-currents,  or  the  muscle-current  ot  du  liois- 

^T"perfectly  fresh  uninjured  muscles  yield  no  current,  and  the  same  is  true  of 
dead  muscle  (L.  Hermann,  1867).  , 

2  Strong  electrical  currents  are  observed  when  the  transveise  section  ot  a  muscle 
is  placed  on  one  of  the  cushions  of  the  non-polarisable  electrodes  (fig.  dbO,  i,  M), 
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while  the  s%irface  is  in  connection  with  the  other  {Nohili,  Matteucd,  du  Jiois- 
Revmond).  The  direction  of  the  current  is  from  the  (positive)  longitudinal  section 
to  the  (negative)  transverse  section  in  the  conducting  wires  {^e  within  the  muscle 
itself  from  the  transverse  to  the  longitudinal  section  (hgs.  3b0,  i,  and  f  -^^, 
This  current  is  stronger  the  nearer  one  electrode  is  to  the  equator,  and  the  otlier 
to  the  centre  of  the  transverse  section  :  while  the  strength  diminishes,  the  nearer 
the  one  electrode  is  to  the  end  of  the  surface,  and  the  other  to  the  margin  of  the 
transverse  section. 

Smooth  muscles  also  yield  similar  currents  between  their  transverse  and  longitudinal  surfaces 
(§  334,  II.).  .  , 

3.  Weak  electrical  currents  are  obtained  when— («)  two  points  at  unequal 
distances  from  the  equator  are  connected ;  the  current  then  passes  from  the  point 
nearer  the  equator  (  +  )  to  the  point  lying  further  from  it  ( -  ),  but  of  course  this 
direction  is  reversed  within  the  muscle  itself  (fig.  399,  II,  he  and  le).  {h)  Similarly 
weak  currents  are  obtained  by  connecting  points  of  the  transverse  section  at 
unequal  distances  from  the  centre,  in  which  case  the  current  outside  the  muscle 
passes  from  the  point  lying  nearer  the  edge  of  the  muscle  to  that  nearer  the  centre 
of  the  transverse  section  (fig.  399,  II,  i,  c). 

4.  When  two  points  on  the  surface  are  equidistant  from  the  equator  (hg.  399, 
I,  X,  y,  V,  2,— II,  r,  e),  or  two  equidistant  from  the  centre  of  the  transverse  section 
(il,'c)'are  connected,  no  current  is  obtained.  [Because  the  points  are  iso-electrical, 
that  is  of  equal  potential.] 

5.  If  the  transverse  section  of  the  muscle  be  ol)lique  (fig.  399,  III),  so  that  the 
muscle  forms  a  rhomb,  the  conditions  obtaining  under  III  are  disturbed.  The 
point  lying  nearer  to  the  ohticse  angle  of  the  transverse  section  or  surface  is  positive 
to  the  one  lying  near  to  the  acute  angle.  The  equator  is  oblique  (n,  c).  These 
currents  are  called  ''deviation  currents  or  inclhiaiion  currents"  by  du  Bois-Keymond, 
and  their  course  is  indicated  by  the  lines  1,  2,  and  3. 

The  electro-motive  force  of  a  strong  muscle-current  (frog)  is  equal  to  0-05  to  O'OS  of  a 
Daniell's  element ;  while  the  strongest  deviation  current  may  be  O"!  Daniell.  The  muscles  of 
a  curarised  animal  at  first  yield  stronger  currents  ;  fatigue  of  the  muscle  diminishes  the  strength 
of  the  current  {Roehcr),  while  it  is  completely  abolished  when  the  muscle  dies.  Heating  a 
muscle  increases  the  current ;  but  above  40°  C.  it  is  diminished  {Steiner). 
Cooling  diminishes  the  electro-motive  force.  The  warmed  living  mus- 
cular and  nervous  substance  is  positive  to  the  cooler  portions  {Her- 
mann) ;  while,  if  the  dead  tissues  be  heated,  they  behave  practically 
as  indifferent  bodies  as  regards  the  tissues  that  are  not  heated. 

6.  The  passive  nerve  behaves  like  muscle,  as  far  as  2,  3, 

and  4  are  concerned. 

The  electro-motive  force  of  the  strongest  nei-ve-cui-rent,  according 
to  du  Bois-Reymond,  is  0-02  of  a  Daniell.  Heating  a  nerve  from  15°  to 
25°  C.  increases  the  nerve-current,  while  high  temperatures  diminish 
it  {Steiner). 

7.  If  the  two  transversely  divided  ends  of  an  excised  nerve, 
or  two'  points  on  the  surface  equidistant  from  the  equator,  be 
tested,  a  current — the  axial  current — flows  in  the  nerve-fibre 
in  the  opposite  direction  to  the  direction  of  the  normal  impulse 
in  the  nerve  ;  so  that  in  centrifugal  nerves  it  flows  in  a  cen- 
tripetal direction,  and  in  centripetal  nerves  in  a  centrifugal 
direction  {Mendelssohn  and  Christiani). 

The  electro-motive  force  increases  with  the  length  of  the  nerve  and 
with  the  area  of  its  transverse  section.  Fatigue  {e.g.,  tetanic  stimula- 
tion) weakens  it,  especially  in  motor  nerves,  and  to  a  less  extent  in  centripetal  nerves. 

[Nerve-Muscle  Preparation. — This  term  has  been  used  on  several  occasions.  It 
is  simply  the  sciatic  nerve  with  the  gastrocnemius  of  the  frog  attached  to  it  (fig.  401). 


Fig.  401. 
Nerve-muscle  prepara- 
tion of  a  frog.  F, 
femur ;  S,  sciatic 
nerve  ;  I,  tendo  Ach- 
illes. 
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The  sciatic  nerve  is  dissected  out  entire  from  the  vertebral  column  to  the  knee ;  the 
muscles  of  the  thigh  separated  from  the  femur,  and  the  latter  divided  about  its 
middle,  so  that  the  preparation  can  be  iixed  in  a  clamp  by  the  remaining  portion 
of  the  femur ;  while  the  tendon  of  the  gastrocnemius  is  divided  near  to  the  foot. 
If  a  straw  Hag  is  to  be  attached  to  the  foot,  do  not  divide  the  tendo  Achilles.] 

Eheoscopic  Limb. — The  existence  of  a  muscle-current  may  be  proved  without 
the  aid  of  a  galvanometer: — 1.  By  means  of  a  sensitive  nerve-muscle  preparation 
of  a  frog,  or  the  so-called  "7j7i3/Aw/o(7tc(^/  rheoscope."  Place  a  moist  conductor  on 
the  transverse  and  another  on  the  longitudinal  surface  of  the  gastrocnemius  of  a 
frog.  On  placing  the  sciatic  nerve  of  a  nerve-muscle  preparation  of  a  frog  on  these 
conductors,  so  as  to  bridge  over  or  connect  their  two  surfaces,  contraction  of  the 
muscle  connected  with  the  nerve  occurs  at  once  ;  and  the  same  occurs  when  the 
nerve  is  removed. 

Make  a  transverse  section  of  the  gastrocnemius  muscle  of  a  frog's  nerve-muscle 
preparation,  and  allow  the  sciatic  nerve  to  fall  upon  this  transverse  section ;  the 
limb  will  contract  as  the  muscle-current  from  the  longitudinal  to  the  traiisverse 
surface  now  traverses  the  nerve  (Galvani,  Al.  v.  Uumholdl).  These  experiments 
have  long  been  known  as  "  contraction  without  metals." 

[Use  a  nerve-muscle  preparation,  or,  as  it  is  called,  a  physiological  limb.  Hold  the  prepara- 
tion by  the  femur,  and  allow  its  own  nerve  to  fall  upon  the  gastrocnemius,  and  the  muscle  will 
contract,  but  it  is  better  to  allow  the  nerve  to  fall  suddenly  uijon  the  cross  section  of  the  muscle. 
The  nerve  then  completes  the  circuit  between  the  longitudinal  and  transverse  section  of  the 
nniscle,  so  that  it  is  stimulated  by  the  current  from  the  latter,  the  nerve  is  stimulated,  and  through 
it  the  muscle.  That  it  is  so,  is  proved  by  tying  a  thread  round  the  nerve  near  the  muscle,  when 
the  latter  no  longer  contracts.] 

2.  Self-Stimulation  of  the  Muscle. — We  may  use  the  imcsde-current  of  an 
isolated  muscle  to  stimulate  the  latter  directly  and  cause  it  to  contract.  If  the 
transverse  and  longitudinal  surfaces  of  a  curarised  frog's  nerve-muscle  preparation 
be  placed  on  non-polarisable  electrodes,  and  the  circuit  be  closed  by  dipping  the 
wires  coming  from  the  electrodes  in  mercury,  then  the  muscle  contracts.  _  Similarly 
a  nerve  may  be  stimulated  with  its  own  demarcation-current  (dti.  Bois-Reymond 
and  others).  If  the  lower  end  of  a  muscle  with  its  transverse  section  be  dipped 
into  normal  saline  solution  (0-6  per  cent.  NaCl),  which  is  quite  an  indifferent  fluid, 
this  fluid  forms  an  accessory  circuit  between  the  transverse  and  adjoining  longi- 
tudinal surface  of  the  muscle,  so  that  the  muscle  contracts.  Other  indifferent 
fluids  used  in  the  same  way  produce  a  similar  result. 

[Kuhne's  Experiment  (fig.  402).— The  demarcation-current  of  the  nerve  of  a 

nerve-muscle  preparation  may  be  used 
as  the  stimulus  to  that  nerve  on  com- 
pleting the  circuit.  On  an  earthenware 
bowl  (B)  is  fixed  a  glass  plate  (G),  and 
thin  rolls  of  modeller's  clay  (P  P')  are 
bent  over  G.  A  nerve-muscle  prepara- 
tion is  placed  with  its  nerve  (N)^on  the 
clay,  touching  the  latter  with  its  trans- 
verse and  longitudinal  surfaces.  On 
dipping  the  clay  into  a  vessel  containing 
normal  saline  (C),  the  muscle  contracts, 
and  on  withdrawing  the  normal  saline, 
.  it  again  contracts.  In  this  case  the 
Kuhne's  nerve  demarcation-current  experiment.  ^^^^^^      stimulated  by  the  completion 

of  the  circuit  of  its  own  demarcation-current.] 

-3  Electrolysis.— If  the  muscle-current  be  conducted  through  starch  mured  vith 
IKtassic  iodide,  then  the  iodine  is  deposited  at  the  -f  pole,  where  it  makes  the  starch 
blue. 
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Frog  Gim-eiit.— It  is  asserted  that  tlie  total  current  in  the  body  is  the  sum  of  the  electrical 
currents  of  the  several  muscles  and  nerves  which,  in  a  frog  deprived  of  its  skin,  pass  from  the 
tip  of  the  toes  toward  the  trunk,  and  in  the  trunk  from  the  anus  to  the  head.  i  his  is^  the 
''corrente  vropria  ddla  rana"  of  Leopoldo  Nobili  (1827),  or  the  "fiog  current  of  du  Bois- 
Reymond.    In  mammals,  the  corresponding  current  passes  in  the  opposite  direction. 

After  death,  the  currents  disappear  sooner  than  the  excitability  (Falenl in) ;  they  remain 
longer  in  the  muscle  than  the  nerves,  and  in  the  latter  they  disappear  sooner  in  the  central 
portions.  If  the  nerve-current  after  a  time  become  feeble,  it  may  be  strengthened  by  making 
a  new  transverse  section  of  the  nerve.  A  motor  nerve  completely  paralysed  by  cm-ara  gives  a 
current  (FiinJcc),  and  so  does  a  nerve  beginning  to  undergo  degeneration,  even  two  weeks  after 
it  has  lost  its  excitability.  Muscles  in  a  state  of  rigor  mortis  give  currents  in  the  opposite 
direction,  owing  to  inequalities,  which  take  place  during  decomposition.  The  nerve-current  is 
reversed  by  the  action  of  boiling  water  or  drying. 

Currents  from  Skin  and  Mucous  Membranes. — In  the  skin  of  the  frog  the 
outer  surface  is  -f ,  the  inner  is  -  (du  Bois-Reymond),  and  the  same  is  true  of  the 
mucous  membrane  of  the  intestinal  tract  {Rosenthal),  the  cornea  {Griinhaf/eyi),  as 
well  as  the  non-glandular  skin  of  fishes  {Hermann)  and  molluscs  {Oehler).  Currents 
are  also  manifested  by  glands. 

332.  C¥EEENTS  OF  STIMULATED  MUSCLE  AND  NERVE— ACTION- 
CURRENTS.— 1.  Negative  Variation  of  the  Muscle-Current. — If  a  muscle,  which 
yields  a  strong  electrical  current,  be  thrown  into  a  state  of  tetanic  contraction  by 
stimulating  its  motor  nerve,  then,  when  the  muscle  contracts,  there  is  a  diminution 
of  the  muscle-current,  and  occasionally  the  needle  of  the  galvanometer  may  swing 
almost  to  zero.  This  is  the  "  negative  variation  of  the  muscle-current "  {du  Bois- 
Reymond).  It  is  larger,  the  greater  the  primary  deflection  of  the  galvanometer 
needle  and  the  more  energetic  the  contraction. 

After  tetanus,  the  muscle-current  is  weaker  than  it  was  before.  If  the  muscle  was  so  placed 
upon  the  electrodes  that  the  current  was  "feeble,"  equally  during  tetanus  there  is  a  diminution 
of  this  current.  In  the  inactive  arrangement,  the  contraction  of  the  muscle  has  no  eftect  on 
the  needle.  If  the  muscle  be  prevented  from  shortening,  as  by  keeping  it  tense,  the  negative 
variation  still  takes  place. 

2.  Current  during  Tetanus. — An  excised  frog's  muscle  tetanised  through  its 
nerve  shows,  electro-motive  force — the  so-called  "action-current."  In  a  tetanised 
frog's  gastrocnemius,  there  is  a  descending  current.  In  completely  uninjured  human 
muscles,  however,  thrown  into  tetanus  by  acting  on  their  nerves,  there  is  no  such 
current  {L.  Hei'mann);  similarly,  in  quite  iminjured  frog's  muscles,  as  well  as  when 
these  muscles  are  directly  and  completely  tetanised,  there  is  no  current. 

3.  Current  during  the  Contraction-Wave. — If  one  end  of  a  muscle  be  directly 
excited  with  a  momentary  stimulus,  so  that  the  contraction-iuave  (§  299)  rapidly 
passes  along  the  whole  length  of  the  muscular  fibres,  then  each  part  of  the  muscle, 
successively  and  immediately  before  it  contracts,  shows  the  negative  variation. 
Thus,  the  '■^contraction-wave"  is  preceded  by  a  negative  ivave"  of  the  muscle- 
current,  the  latter  occurring  during  the  late7it  2}eriod.  Both  waves  have  the  same 
velocity,  about  3  metres  per  second.  The  negative  wave,  which  first  increases  and 
then  diminishes,  lasts  at  each  point  only  0*003  second  {Bernstein). 

4.  During  a  Single  Contraction. — A  single  contraction  also  shows  a  muscle- 
current.  [The  electrical  variation  takes  place  during  the  latent  period  of  the 
muscular  contraction,  so  that  it  precedes  the  latter.  The  variation  begins  ■01"  to 
•04"  after  excitation,  while  the  contraction  does  not  begin  until  "ll"  to  "33" 
{Wcdler).  A  frog's  muscle  may  be  made  to  record  its  contraction,  and  simul- 
taneously the  variation  of  the  electrical  current,  as  ascertained  by  the  capillary 
electrometer,  may  be  photographed  (fig.  403),  and  the  same  may  be  done  in  the 
case  of  the  heart  (fig.  404).  'The  capillary  electrometer  may  with  advantage  be 
employed  to  measure  this  time-difference,  the  electrical  and  the  mechanical  events 
being  simultaneously  recorded.] 

The  diphasic  variation — 1st  phase  middle  negative  to  end  ;  2nd  phase  and  negative  to 
middle  begins  about  -01"  before  the  commencement  of  muscular  contraction  ( Waller). 
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The  variation  is  diphasic— 1st  phase  base  negative  to  apex  ;  2nd  phase  apex  negative  to  base 
(  Waller).    The  livst  phase  begins  iV"  before  the  commencement  of  contraction. 

One  of  the  best  objects  for  this  purpose  is  the  contracting  heart,  which  is  placed 
upon  the  non-polarisable  electrodes  connected  with  a  sensitive  galvanometer.  Each 

beat  of  the  heart  causes  a  deflection  of  the  needle,  which 
/  afiaSBBBBBBBBHB  occurs  hejore  the  contraction  of  the  cardiac  muscle 

{Kulliker  and  II.  Mulkr).  The  electrical  disturbance 
in  the  muscle  causing  the  negative  variation  always 
jjrecedes  the  actual  contraction  {v.  Ilelmholtz,  1845). 
Still  it  lasts  throughout  the  whole  duration  of  the  con- 
traction {Lei;).  When  the  completely  uninjured  frog's 
gastrocnemius  contracts  by  stimulating  the  nerve, 
there  is  at  first  a  descending  and  then  an  ascending 
current  {Sig.  Mayer,  §  334,  II.). 

More  exact  observations  on  the  electrical  processes  of  the  pul- 
satin  "  heart  show  that  complicated  phenomena  occur.  The  apex 
of  the  dog's  heart  is  negative  to  the  base  during  systole.  In 
many  cases  this  is  preceded,  and  in  some  it  is  followed,  by  an 
opposite  condition  (FrdcUricq),  i.e.,  a  diphasic  variation.  If  the 
lieart  be  arrested  in  diastole  by  stimulation  of  the  vagus  (§369), 
there  is  a  positive  variation  of  the  muscle-current  {Gaskcll, 
Fig.  403.  Fano).    Waller  has  demonstrated  a  true  electrical  variation  of 

Frog.  Gastrocnemius  led  ofl"  the  human  intact  heart, 
to  electrometer  from  the  THeart.— Gaskell  has  shown  that,  when  the  vagus  of 
S''Le°'tendon""contrat  a  tortoise  is  stimulated  so  as  to  arrest  its  heart  in  diastole, 
tion  excited  by  a  single  the  action  of  the  inhibitory  nerve  is  accompanied  by  a 
break  induction  shock  ap-  2Msitive  electrical  variation  of  the  heart-current,  while 
plied  to  the  sciatic  nerve,  g^.^^,^^-^^^     ^^^^  ^  ^  ^^^^etic  (augmentor)  nerve  causes 

't  timeTSTii^  s'e^.  an  electrical  variation  of  the  same  sign  as  that  caused  by 

to  H„S04  tendon  to  Hg)  a  contraction  in  the  non-beatmg  tissue  of  the  ventricle 
( Waller).  of  the  toad.    In  both  cases,  the  respective  nerves  can 

produce  their  electrical  effect  after  the  heart  has  been  brought  to  standstill  by 
the  application  of  muscarin  to  the  sinus.     These  experiments  are  of  the  utmost 


Frog's  heart. 


Fig.  404. 

c,  electrometer 


Spontaneous  contraction,    e,  e,  electrometer  j^earfs  contraction  ;  /.  t, 

time  in  ..Vth  sec.  (apex  to  H.-SOj,  base  to  Hg)  ( Wallm). 
importance  in  connection  with  the  theory  of  the  action  of  these  nerves  on  the  heart 
370^  and  the  mode  of  action  of  poisons  on  the  heart  itselt.  J 
fecokdary  Contraction.  -A  neroe-.u.de  preparation  may  be  used  to  demons  rate 
the  e  ectrical  changes  that  occur  during  a  .ingle  contraction^  I  -^^^^^^ 
\  of  such  a  preparation  be  placed  upon  another  muscle,  B,  as  in  fig..40o,  then 
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every  time  the  latter,  B,  contracts,  the  frog's  muscle,  A,  connected  with  the  nerve 

also  contracts.  ,  .      ,      i      i  * 

If  the  nerve  of  a  frog's  nerve-muscle  preparation  be  placed  on  a  contracting 
mammalian  heart,  then  a  contraction  of  the  muscle  occurs  with  every  beat  of  ,the 
heart  (Matteucci,  1842).  The  diaphragm,  even  after 
section  of  the  phrenic  nerve,  especially  the  left,  also  con- 
tracts during  the  heart-beat  {Schif).  This  is  the 
"secondary  contraction"  of  Galvani. 

Secondary  Tetanus.— Similarly,  if  a  nerve  of  a  nerve- 
muscle  preparation  be  placed  on  a  muscle  which  is 
tetanised,  then  the  former  also  contracts,  .showing 
"  secondary  tetanus  "  {clu  Bois-Beymond).  The  latter 
experiment  is  regarded  as  a  proof  that,  during  the  pro- 
cess of  negative  variation  in  the  muscle,  many  successive 
variations  of  the  current  must  take  place,  as  only  rapid 
variations  of  this  kind  can  produce  tetanus  by  acting  on 
a  nerve — continuous  variations  being  unable  to  do  so.  ^.^ 

Usually,  there  is  no  secondary  tetanus  in  a  frog's  nerve-  'S-  • 

muscle  preparation  when  it  is  laid  upon  a  muscle  which  is  Secondary  contraction.  The 
tetanised^  voluntarily,  or  by  chemical  stimuli,  or  by  poisoning  sciatic  nerve  of  A  hes  on  B ; 
with  strychnin  {Hcring,  kuhne) ;  still,  Loven  has  observed  E,  electrodes  applied  to  the 
secondary  strychnin  tetanus  composed  of  six  to  nine  shocks  per  sciatic  neive  oi  a. 
second.  Observations  with  a  sensitive  galvanometer,  or  Lippmann's  capillary  electrometer  (tig. 
400),  show  that  the  spasms  of  strychnin  poisoning,  as  well  as  a  voluntary  contraction,  are  dis- 
continuous processes  {Loven,  p.  485). 

Biedermann  observed  that  sti-iped  muscle,  under  the  influence  of  the  vapour  of  ether,  passes 
into  a  condition  in  which  it  shows  no  obvious  change  of  form  or  movement  when  it  is 
stimulated,  whilst  at  the  spot  stimulated,  there  are  galvanometric  variations  of  the  .same  sti'ength 
as  occurred  during  stimulation  before  the  action  of  the  ether.  Owing  to  the  abolition  of  the 
power  of  conductivity,  they  can  only  manifest  themselves  locally. 

[Secondary  Contraction  from  Muscle  to  Muscle  {Kiihne). — If  5  mm.  of  one  end 

of  the  sartorius  of  a  curarised  frog  be  laid  upon  a  corresponding  5  mm.  of  the  other 
sartorius,  so  that  both  muscles  are  in  line,  and  if  the  surfaces  of  contact  be  pressed 
together,  either  by  an  ebonite  press  or  other  means,  on  stimulating  the  free  end 
of  one  of  the  muscles — either  electrically,  mechanically,  or  chemically — the  other 
muscle  also  contracts,  and  if  the  first  one  be  tetanised,  the  second  one  also  is  thrown 
into  tetanus.  The  experiment  may  be  repeated  vvith  five  or  six  muscles  in  line. 
The  conduction  is  interrupted  at  once  by  ligature  of  the  muscle.  The  second 
muscle  contracts,  because  it  is  stimulated  directly  by  the  action-currents  of  the 
contracting  muscular  fibres.  The  effect  is  prevented  by  introducing,  between  the 
overlapping  ends  of  the  muscle,  a  thin  plate  of  gutta-percha,  tinfoil,  or  any  insulator. 
This  experiment  of  Kiihne's  shows  us  how  important  a  role  electrical  phenomena 
play  in  connection  with  muscular  contraction.  Secondary  contraction  from  nerve 
has  long  been  known.] 

Negative  Variation  in  Nerve. — If  a  nerve  be  placed  with  its  transverse  section 
on  one  non-polarisable  electrode,  and  its  longitudinal  surface  on  the  other,  and  if  it 
be  stimulated  electrically,  chemically,  or  mechanically,  the  nerve-current  is  also 
diminished  (du  Bois-Beymond).  This  negative  variation  is  propagated  towards 
both  ends  of  a  nerve,  and  is  composed  of  very  rapid,  successive,  periodic,  interrup- 
tions of  the  original  current,  j  ust  as  in  a  contracted  muscle  {Bernstein).  Hering 
succeeded  in  obtaining  from  a  nerve,  as  from  a  muscle,  a  secondary  contraction  or 
secondary  tetanus.  The  amount  of  the  negative  variation  depends  upon  the 
extent  of  the  primary  deflection,  also  upon  the  degree  of  nervous  excitability,  and 
on  the  strength  of  the  stimulus  employed.  The  negative  variation  occurs  on 
stimulating  with  tetanic  as  well  as  with  single  shocks.  The  negative  variation 
is  not  observed  in  completely  uninjured  nerves. 
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Hcriug  found  that  the  iiegntivo  variation  of  the  uoi  ve-current  caused  by  tetanic  stimulation 
is  followed  by  a  jmsitivc  variation,  which  occurs  iinniediately  after  the  former,  i.e.,  it  is 
diphasic.  It  increases  to  a  certain  degree  with  the  duration  of  the  stimulation,  as  well  as 
with  tlie  strength  of  the  stimulus,  and  with  the  drying  of  the  nerve  {Head).    {Effect  of  Electro- 

tonus,  §  335,  I.)-  ,  .  ,, 

Negative  Variation  of  the  Spinal  Cord.— Tins  is  the  same  as  in  nerves  generally.  It  a 
current  be  conducted  from  the  transverse  and  longitudinal  surfaces  of  the  upper  part  ol  the 
medulla  oblongata,  wo  observe  spontaneous,  intermittent,  nerjative  variations,  perhai)s  due  to 
the  intermittent  excitement  of  the  nerve-centres,  more  especially  of  the  respiratory  centre. 
Similar  variations  are  obtained  rcllexly  by  single  stimuli  applied  to  the  sciatic  nerve,  while 
strou'T  stimulation  by  common  salt  or  induction  shocks  inhibits  them. 

Velocity.— The  process  of  negative  variation  is  propagated  at  a  measurable  velocity  along 
the  nerve,  most  rapidly  at  15°  to  25°  C.  (Stciner),  and  at  the  same  rate  as  the  velocity  of  the 
nervous  impulse  itself,  about  27  to  28  metres  per  second.  The  duration  of  a  single  variation  (ot 
which  the  process  of  negative  variation  is  composed)  is  only  0'0005  to  0-0008  second,  while  the 
wave-length  in  the  nerve  is  calculated  by  Bernstein  at  18  mm.  _         ■  ^-  ■ 

Differential  Rheotome.— J.  Bernstein  estimated  the  velocity  of  the  negative  variation  in  a 
nerve  by  means  of  a  dillerential  rheotome  thus  (fig.  406)  :-A  long  stretch  of  a  nerve  (N  «)  is 
so  arranged  fliat  at  one  end  of  it  (N)  its  transverse  and  longitudinal  surfaces  are  connected  with 


Fig.  406. 

Scheme  of  Bernstein's  difFerential  rheotome  ;  N  n,  nerve  ;  J,  induction  "Ytf^g^  ^  ^' ^^^^^^^^^^ 
meter  x,  y,  deflection  of  needle;  E,  battery  and  primary  circuit  with  Cfoi  opening  it 
S  o;'c!  fo;  closing  galvanometer  circuit;  z  z,  electrodes  in  galvanometer  circmt ,  S, 
motor. 

a  galvanometer  (G),  while  at  the  other  end  {n)  are  placed  the  ^^^^^^^^J^^^^t^'^^ 

rapidly  opened  and  closed  during  each  revolution,  ilns  causes  wiiu^  diametrically 
an^pening  and  a  closing  shock  to  be  applied  ^  ^^he  end  of  t^^^^^^^^  7 
opposite  part  of  tbe  circii,n  Jrence  is^^^^^^^^^  ^^^^.^^  the 

closed  and  opened  during  each  levolution.    i'^'^!^^'^'^;^-,,^  tjie  disc,  the  galvauo- 

galvanometer  circuit  occur  at  the  same  moment.    On       '^J  ^At  the 

Sieter  indicates  a  strong  nerve-current,  an  excursion  tJ^^^^Y^*^^^^^^^^  nerve, 
moment  of  stimulation,  the  negative  variation  J^/^fi^^^^^^^^^^  (to  o)  along 

If  however  the  arrangement  which  closes  the  galvanometei  cucuit  De  so  ^isp  aue  ^  ;  ^ 
Se^S^rence,  the^  the  galvanometer  ™t  .  cl^e  ^^^^^^^^l. 


at  which  the 

'The'^negltive  variation  is  absent  in  degenerated  nerves  as  soon  as  they  lose  their  excita- 
bility. 


ELECTRICAL  CDKRENTS  DURING  ELECTROTONUS. 
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Eectinal  and  Eye  Currents.— If  a  freshly-excised  eyeball  be  placed  on  the  non-polarisable 
electrodes  conuectcd  with  a  galvanometer,  and  if  light  fall  upon  the  eye,  then  the  normal  eye- 
current  from  tlie  cornea  ( -f )  to  the  transverse  section  of  the  optic  nerve  ( -  )  is  at  lirst  inci'eased 
Yellow  licrht  is  most  powerful,  and  less  so  the  other  colours  {Holmgren,  MKandinck  and 
Dcwar)  '^The  inner  surface  of  the  passive  retiua  is  positive  to  tlie  posterior.  When  the  retina 
is  illuininated  there  is  a  double  variation,  a  negative  variation  with  a  preliminary  positive 
increase  •  while  when  the  light  ceases,  there  is  a  simple  positive  variation.  Retiuaj,  in  which 
the  visual  purple  has  disappeared  owing  to  the  action  of  light,  show  smaller  variations  {Kuhne 

and  Stciner).  ,  ^    ■^  ■  i- 

Stimulation  of  the  secretory  nerves  ot  the  glandular  membranes,  besides  causing  secretion, 
affects  the  current  of  rest  {Rocber).  This  secretion-current  passes  in  the  sarae  direction  in  the 
skin  of  the  frog  and  warm-blooded  animals  as  the  current  of  rest,  although  in  the  frog  it  is 
occasionally  in°the  opposite  direction  {Hermann).  If  the  current  be  conducted  uniformly  from 
both  hind  feet  of  a  cat,  on  stimulating  the  sciatic  nerve  of  one  side,  not  only  is  there  a  secretion 
of  sweat  (§  288),  but  a  secretion-current  is  developed  [Luchsinger  and  Hermann).  If  two 
symmetrical  parts  of  the  skin  in  the  leg  or  arm  of  a  man  be  similarly  tested,  and  the  muscle  of 
one  side  be  contracted,  a  similar  current  is  developed.  Destruction  or  atrophy  of  the  glands 
abolishes  both  the  power  of  secretion  and  the  secretion-current.  There  is  no  secretion-current 
from  skin  covered  with  hairs,  but  devoid  of  glands  [Bubnoff).  [The  secretion-current  from  the 
submaxillary  gland  is  referred  to  in  §  145  {Bayliss  and  Bradford).'] 

333.  ELECTROTONIC  CURRENTS  IN  NERVE  AND  MUSCLE.— [Whea  a 
constant  current  called  the  •'  polarising  current "  is  passed  though  a  stretch  of 
uerve,  the  nerve  is  throvfii  into  a  peculiar  condition,  called  the  "  electrotonic  con- 
dition," or  briefly  electrotonus.  In  this  condition,  the  vital  properties  of  the 
nerve  are  modified,  i.e., 

(1)  Its  electromotivity  (§  333). 

(2)  Its  excitability  (§  335). 

The  former  is  considered  in  this  section,  and  the  latter  in  a  subsequent  section.] 

1.  Positive  Phase  of  Electrotonus.— If  a  nerve  be  so  arranged  upon  the 
electrodes  (fig.  407,  I)  that  its  transverse  section 
lies  on  one,  and  its  longitudinal  on  the  other  elec- 
trode, then  the  galvanometer  indicates  a  strong 
current.  If  nov?  a  constant  current  be  transmitted 
through  the  end  of  the  nerve  projecting  beyond  the 
electrodes  (the  so-called  ^'■polarising"  end  of  the 
nerve),  and  if  the  direction  of  this  current  coincide 
with  that  in  the  nerve,  then  the  magnetic  needle 
gives  a  greater  deflection,  indicating  an  increase  of 
the  nerve-current — "the  positive  phase  of  elec- 
trotonus." The  increase  is  greater  the  longer 
the  stretch  of  nerve  traversed  by  the  current,  the 
stronger  the  galvanic  current,  and  the  less  the  dis- 
tance between  the  part  of  the  uerve  traversed  by 
the  constant  current  and  that  on  the  electrodes. 

2.  Negative  Phase  of  Electrotonus. — If  in  the 
same  length  of  nerve,  the  constant  current  passes 
in  the  opposite  direction  to  the  nerve-current  (fig. 
407,  II),  there  is  a  diminution  of  the  electro-  Fig.  407. 
motive  force  of  the  latter — "negative  phase  of  Nerve-current  in  electrotonus.  a, 
electrotonus."                                                            galvanometer;   b,  electrodes;  E,' 

3.  Equator.— If  two  points  of  the  nerve  equi-    'Constant  current. 

distant  from  the  equator  be  placed  on  the  electrodes  (III),  there  is  no  deflection  of 
the  galvanometer  needle  (p.  555,  4).  If  a  constant  current  be  passed  through  one 
free  projecting  end  of  the  nerve,  then  the  galvanometer  indicates  an  electro-motive 
efiect  in  the  same  direction  as  the  constant  current. 

Electrotonus.— These  experiments  show  that  a  constant  current  causes  a  change 
of  the  electro-motive  force  of  the  part  of  the  nerve  directly  traversed  by  the  coustaut 
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current,  i.e.,  in  the  intrapolar  area,  and  also  in  the  part  of  the  nerve  outside  the 
electrodes,  i.e.,  in  the  extrapolar  area.  This  condition  is  called  electrotonus 
{du  Bois-Reymond,  1843). 

The  electrotonic  current  is  strongest  not  far  from  the  electrodes,  and  it  may  be  twenty-five 
times  as  strong  as  the  norvo-current  of  rest  (§  331,  5)  ;  it  is  greater  on  the  anode  than  on  the 
cathode  side ;  it  undergoes  a  negative  variation  like  the  resting  nerve-current  during  tetanus ; 
it  occurs  at  once  on  closing  the  constant  current,  although  it  diminishes  uninterruptedly  at 
the  cathode  {cht  Bois-lleymond).  On  the  contrary,  hetweeu  the  electrodes,  besides  the  polarismg 
current  itself,  there  is  no  obvious  electrotonic  increase  of  the  current  to  be  observed  (Ecrmann). 
These  phenomena  take  place  only  as  long  as  the  nerve  is  excitable.  If  the  nerve  be  ligatured 
in  the  projecting  part  in  the  galvanometer  circuit,  the  phenomena  cease  iu  the  ligatured  part. 
The  above-described  galvanic  electrotonic  changes  of  the  extra-polar  part  are  absent  in  non- 
medullated  nerve-fibres,  whilst,  on  the  contrary,  the  physiological  electrotonus  is  present. 
The  physiological  electrotonus  of  meduUated  nerves  can  be  set  aside  by  treating  meduUated 
nerves  with  ether,  whilst  the  physical  phenomena  remain  (Biedermmn). 

The  negative  variation  {§  332)  occurs  more  rapidly  than  the  electrotonic  increase  of  the  current, 
so  that  the  former  is  over  before  the  electro-motive  increase  occurs.  The  velocity  of  the  electro- 
tonic change  in  the  current  is  less  than  the  rapidity  of  propagation  of  the  excitement  in  the 
nerves— being  only  8  to  10  metres  per  second  {TscMrjcw,  Bernstein). 

"The  secondary  contraction  from  a  nerve"  depends  upon  the  electrotonic  state.  It  the 
sciatic  nerve  of  a  frog's  nerve-muscle  preparation  be  placed  on  au  excised  nerve  and  if  a  con- 
stant current  be  passed  through  the  free  end  of  the  latter— non-electrical  stimu  1  being  inactive 
—the  muscles  contract.  This  occurs  because  the  electrotoiiising  current  in  the  excised  nerve 
stimulates  the  nerve  lying  on  it.  By  rapidly  closing  and  opening  the  current,  we  obtain 
"secondary  tetanus  from  a  nerve"  (p.  559). 

[Paradoxical  Contraction.— Exactly  the  same  occurs  when  the  current  is  appUed 
to  one  of  the  two  branches  into  which  the  sciatic  nerve  of  the  frog  divides.  The 
sciatic  nerve  of  the  frog  divides  at  the  lower  end  of  the  thigh  into  the  jyeroneal&nd 
tibial  branches.  If  the  sciatic  nerve  be  divided  above,  and  the  peroneal  branch  be 
also  divided  and  stimulated  with  interrupted  induction  shocks,  the  muscles  supplied 
by  the  tibial  branch  will  contract.  There  is  no  contraction  of  the.  muscle  if  the 
peroneal  nerve  be  ligatured.] 

PoIarisingAfter-Currents.— When  the  constant  current  is  opened,  there  are  after-currents 
depending  upon  internal  polarisation  (§  328).  In  living  nerves,  muscle,  and  electrical  organs 
this  internal  polarisation  current,  when  a  strong  primary  current  of  very  ^l^^rt  duration  is 
used,  is  always  positive,  i.e.,  has  the  same  direction  as  the  primary  current.  J^^^" 
tion  of  the  primary  current  Ultimately  causes  negative  polarisation  Between  these  two  is  a  stage 
when  there  is  no  polarisation.  Positive  polarisation  is  especially  strong  .^^f  .^^J^^? 
primary  current  has  the  direction  of  the  impulse  in  the  nerve  ;  in 

current  is  directed  from  the  point  of  entrance  of  the  nerve  into  the  muscle  towards  the  end  ot 
the  muscle  (§  334,  II.). 

4.  Muscle-Current  during  Electrotonus.— The  constant  current  also  produces 
an  electrotonic  condition  in  muscle  ;  a  constant  current  in  the  same  direction  in- 
creases the  muscle-current,  while  one  in  an  opposite  direction  weakens  it,  but  tne 
action  is  relatively  feeble. 

rEIectrotonic  Phenomena  in  Conductors. -Matteucci  found  that  a  metallic  wire  surrounded 
b/  a  mtst  c'  nd^ctor,  when  traversed  by  a  galvanic  cuiTent  exlubits  cur^^^^^^ 
properties  of  electrotonic  currents  of  nerves.    He  also  found  that  ^f^^,  '=,^''^^^*f -f  ^ows  tSt 
lire  was  of  zinc,  and  the  envelope  a  saturated  solution  of  zinc  «^  Pj^^t^^^^^^f^^^ '^^^^^^ 
these  cun-ents  were  due  to  polarisation  between  the  core  a^^*!  ^l^^fl*^"^;  ..^""'^^t^  if^^^^^^^ 
the  currents  only  obtain  when  a  polarisable  core  is  present.    A  f  ,SmiedS 
with  a  saturated  solution  of  common  salt,  or  the  tentacles  of  a  lob  te 

saline  solution,  and  traversed  by  a  constant  current,  exhibit  similai  electrotomc  current. 
(He}-ing).'] 

qq4  THEORIES  OF  MUSCLE-  AND  NERVE-CURRENTS.-I.  Molecular 
or  pre^xistence  Theory.-To  explain  the  currents  in  muscle 
Revmond  proposed  the  so-called  molecular  theory.  According  to  thi.  theory  a 
nervror  Se  fibre  is  composed  of  a  series  of  small  electro- motive  molecu^ 
arranc^ed  one  behind  the  other,  and  surrounded  by  a  conducting  indifferent  fluid. 
¥hTmolecules  are  supposed  to  have  a  positive  equatorial  zone  directed  towards  the 
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surface,  and  two  negative  polar  surfaces  directed  towards  the  tmns^^^^^^^^ 

Every  fresh  transverse  section  exposes  nevy  negative  surfaces,  and  every  artihcial 

lousitudinal  section  new  positive  areas.  ,      ,      .  ,  a 

nn-  1  av,.ln;n.5  tho  strong  ciirronts,— when  the  +  longit\idmal  surface  is  connected 
witl  "the     t^ansv  i  su/i  obtained  from  the  former  to  the  latter  -but  it  does 

f  V  inin  tCS  c™^  To  explain  their  occurrence  wo  must  assume  that,  on  the  one 
hand  tie  el  ctr{  S  the  niolecules  is  weakened  with  varying  rapidity  at  unequal 

fmm  ?hT  emiator  •  on  the  other,  at  unequal  distances  from  the  transverse  section. 
Srof  crse,  dlffXnces  of  electrical  tension  obtain  between  the  stronger  and  the  feebler 

°'parelectronomy.-But  the  natural  transverse  section  of  a  muscle,  i.e.,  the  end  of  the  tendon, 
is  not  neSive,  but  more  or  less  positive  electrically.  To  explain  this  condition,  du  Bois- 
Reymond°assumesthat  on  the  end  of  the  tendon  there  is  a  ayer  ^l^-^tro-positiye  niuscle- 
substance  He  supposes  that  each  of  the  peripolar  elements  of  muscle  consists  of  two  bipolai 
e  ements  and  S  a  layer  of  this  half  element  lies  at  the  end  of  the  tendon,  so  that  its  positive 
n  urnS  towards  the  free  surface  of  tho  tendon.  This  layer  he  calls  the  "  parelectronomxc 
layer  "  It  is  never  completely  absent.  Sometimes  it  is  so  marked  as  to  make  the  end  ot  the 
tendon  +  in  relation  to  the  sm-face.    Cauterisation  destroys  it.    [It  is  supposed  to  be  favoured 

%'he'^nLative  variation  is  explained  by  supposing  that,  during  the  action  of  a  muscle  and 
nerve,  the  electi-o-motive  force  of  all  the  molecules  is  diminished.  During  partial  contraction 
of  a  muscle,  the  contracted  part  assumes  more  the  characters  of  an  indifferent  conductor  which 
now  becomes  connected  with  the  negative  zone  of  the  passive  contents  of  the  muscular  fibres 

The  electrotonic  currents  beyond  the  electrodes  in  nerves  must  be  explained.  To  explain  the 
electrotonic  condition,  it  is  assumed  that  the  bipolar  molecules  are  capable  of  rotation,  ihe 
polarising  current  acts  upon  the  direction  of  the  molecules,  so  that  they  turn  their  negative 
sm-faces  towards  the  anode,  and  their  positive  surfaces  to  the  cathode,  whereby  the  molecules  ot 
the  intrapolar  region  have  the  arrangement  of  a  Volta's  pile.  In  the  part  of  the  nerve  outside 
the  electrodes,  the  further  removed  it  is,  the  less  precisely  are  the  molecules  arranged.  Hence, 
the  swing  of  the  needle  is  less,  the  further  the  extrapolar  portion  is  from  the  electrodes, 

II.  Difference  or  Alteration  Theory.— The  difference  theory  was  proposed  by 
L.  Hermann,  and,  according  to  him,  the  four  following  considerations  are  sufficient 
to  explain  the  occurrence  of  the  galvanic  phenomena  in  living  tissues  :— (1)  Proto- 
plasm, by  undergoing  partial  death  in  its  continuity,  whether  by  injury  or  by 
(horny  or  mucous)  metamorphosis,  becomes  negative  towards  the  uninjured  part. 
(2)  Protoplasm,  by  being  partially  excited  in  its  continuity,  beconaes  negative  to 
the  uninjured  part.  (3)  Protoplasm,  when  partially  heated  in  its  continuity, 
becomes  positive,  and  by  cooling  negative,  to  the  unchanged  part.  (4)  Proto- 
plasm is  strongly  polarisable  on  its  surface  (muscle,  nerve),  the  polarisation 
constants  diminishing  with  excitement  and  in  the  process  of  dying. 

Streamless  Fresh  Muscles. — It  seems  that  passive,  uninjured,  and  absolutely 
fresh  nerves,  and  muscles,  are  completely  devoid  of  a  current,  e.g.,  heart 
{Engelmann),  also  the  musculature  of  fishes  while  still  covered  by  the  skin. 

[According  to  Hermann,  the  currents  obtained  from  muscle  are  due  to  injury  of 
the  muscle-substance,  whereby  a  difference  of  potential  is  set  up,  the  injured  part 
being  negative  to  the  uninjured.  In  fact,  it  is  impossible  to  isolate  a  muscle  with- 
out injuring  it,  owing  to  its  connections.  Frogs  exhibit  skin-currents  after  the 
skin  is  destroyed ;  the  muscles  still  exhibit  currents,  but  Hermann  explains  this  by 
the  action  of  the  irritant,  used  to  destroy  the  skin,  also  affecting  the  muscle.  In 
fishes,  however,  there  are  no  skin-currents,  and  if  they  be  curarised,  absolutely  no 
current  is  obtained  from  their  uninjured  muscles  {Hermann).  The  heart  also  when 
passive  and  uninjured  gives  no  current,  although  it  exhibits  an  action-current  when 
it  contracts,  and  every  injured  part  in  it  possesses  a  negative  electrical  potential 
with  reference  to  the  rest.] 

L.  Hermann  also  finds  that  the  muscle-current  is  always  developed  after  a  time,  which  is  very 
short,  when  a  new  transverse  section  is  made.  [By  means  of  his  "  Fall-rheotom, "  an  arrange- 
ment whereby  a  weight,  covered  with  shagreen,  injured  a  muscle,  and  at  the  same  time,  closed 
and  opened  a  galvanometer  circuit,  Hermann  was  able  to  show  that  the  current — demarcation- 
cm-rent — took  a  certain  time  to  develop.  Had  it  been  pre-existent,  as  supposed  by  du  Bois- 
Reymond,  this  ought  not  to  have  been  the  case.  ] 
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Demarcation-CxnTent.— Every  injury  of  a  muscle  or  nerve  causes  at  the  pomt  of  injury 
Ukmarcation  ,ar/ace)  n  dying  substance,  wliicli  behaves  negatively  to  the  positive  intact  substance 
The  current  thus  ..roduced  is  called  by  Ilennann  the  ^' dcmarcahon-current."    If  individual 
parts  of  a  nniscle  be  moistened  with  potasli  salts  or  muscle-juice,  they  become  negatively  electrical ; 
if  those  substances  bo  removed  these  parts  cease  to  be  negative  (i^tcc/cmajm)-  . 

It  uT)i.ears  that  all  living  protoplasmic  substance  has  a  special  property,  whereby  injury  oi  a 
part  o[  it  makes  it,  when  dying,  negative,  while  the  intact  parts  remain  positively  electri^^^^^^^ 
Thus  all  transverse  sections  of  living  parts  of  plants  are  negative  to  their  surface  (Z^wi?)  ;  and  the 
same'occurs  in  animal  parts,  e.g.,  glands  and  bones.  Engelmann  made  the  remarkable  observa- 
tion  that  he  heart  and  smooth  muscle  again  lose  the  negative  condition  ot  their  transverse 
section  when  the  muscle-cells  are  completely  dead,  as  far  as  the  cement-substance  ot  the  nearest 
cells  ;  n  nerves,  when  the  divided  portion  dies,  as  far  as  the  hrst  node  ot  Kanvier.  When  al 
these  oLns  ai^  again  completely  streamless,  then  the  abso  ute  y  dead  substance  behaves 
essentiaUy  as  an  inditlerent  moist  conductor.  Muscles  divided  subcutaueously  and  healed  do 
not  exhibit  a  negative  reaction  of  the  surface  of  their  section. 

All  these  considerations  go  to  show  that  the  pre-existeiice  of  a  current  in  living 
uninjured  tissues  can  no  longer  be  maintained. 

Theoretical  -Griiuha-en  and  L.  Hermann  explain  the  electrotomc  currents  as  being  due  to 
inteS  polarisaS  X  nei  ve-fibre  between  the  conducting  core  of  the  nerve  and  the  enclos- 
"^^^^^^r  MnHpnnPi  found  that  when  a  wire  is  surrounded  with  a  moist  conductor,  and  the 
co^aKfieJ  fn  cXect^^^  of  a  constant  current,  cuijents  similar  to  the 

XctiSc  cunSitT^^^^  and  due  to  polarisation,  are  developed.    It  either  the  wire  or 

electiotonic  cuuents  111  Beiyes,  1  polarisation  current  does  not  extend 

be'vond"the"wu?e   p  56^  ."'i  developed^n  the  surface  of  the  wire  by  its 

Stion  res'Xnce  causes  the  conducted  current  to  extend  much  beyond  the  electrodes. 

Action-Currents.  -TJe  tei m     action  -^Jiireni  ^      stimulation-wave  (contrac- 

■  ^*'"duriS\2a^r^^^^^  tib-  negative  partici- 

Jat'lLsIn  trfxSernt  Than  the  middle  of  the  tibre.    But  this  is  the  case  only  in  dying  or 

fatigued  muscles  application  of  a  constant  current  to  a  muscle  causes  con- 

Accordmg  to  §  336,  i),  the        ^  ,7!"  '^^^^  .  •     ^^^^^  ^nd  when  it  is  opened,  at  the  anode, 
traction  first  at  the  cathode,  ''■^f^J^l'^'l'"'!^^^^  the  muscle  is  negative  at 

This  is  explained  by  assuming  that,  duung  the  ^l^^^^  is  at  the  anode, 

the  cathode,  while  with  tbe  opening  contraction  the^^^^^^^  ^^^^^  of  excitement 

If  a  muscle  be  tlirown  into  contraction  0^/*^°^^^^^ also  behave  negatively 
travels  from  the  entrance  of  the  ^o  b°th  ^^^^^^  of  he  ^^^^^  the  muscle, 

to  the  passive  parts  of  the  muscle.    According  to       POiut  at  insertion)  of  the 

the  ascending  or  descending  ^^^^'^  ^^cS^ruch  a  m^^^^^^^^^^  circuit,  then  at 

muscle  sooner  than  the  other.    On  Pl^ci'ig  such  a  muscie  m        g  entrance  of  the 

first  that  end  of  the  aft  wards  the  fower  end.  Thus,.there 

nerve  {e.g.,  the  upper  end  of  the      t'"'^"*^^;'^^^^^^  ^nd  then  an  ascending,  current  in  the 

appears  rapidly  after  ^^.-^^  othe^^^^^^^^  .^^^^^                   (§  332  4). 

galvanometer  circuit,  of  course  reversea  wiu  ,      ^^,^^3  caused  to  contract 

-'^:li^=s^X^s^!^'='  »' 


VARIATIONS  OF  THE  EXCITABILITY  DURING  ELECTROTONUS. 


The  same  effect  occurs  in  the  movement  of  water,  which  results  in  that  condition  known  as 
Mim  Z  of  a  body.  We  must  remember,  that  at  the  demarcation  surface  of  an  injured  nerve 
orr^SelbibitiL  takes  place;  that  also  at  the  contracted  V-^'^' °' 
Huid  occurs  (S  227.  II.) ;  and  that  during  secretion  there  is  a  movement  of  the  luid  pai  tides. 

In  plants  electrical  phenomena  have  been  observed  during  the  passive  bending  of  vegetable 
parts  (leaves  or  stalks),  as  well  as  during  the  active  movements  which  are  associated  with  the 
bendincT  of  certain  parts,  e.g.,  as  in  the  mimosa  and  dionraa  {Burdon- Sanderson),  ihese 
idienouTena  are  perhaps  explicable  by  the  movement  of  water  which  must  take  place  in  the 
interior  of  the  vegetable  parts  [A.  G.  KunM).  The  root  cap  of  a  sprouting  plant  is  negative 
to  the  seed  covering's  {Hermann) ;  the  cotyledons  positive  to  the  other  parts  ot  the  seedling 
{MilUer-Hcttlingcn).  In  the  incubated  hen's  egg,  the  embryo  is  +  ,  the  yelk  -  (nermann  and 
r.  Gcndre). 

335.  ELECTRONIC  ALTEEATION  OE  THE  EXCITABILITY.— Cause  of 

Electrotonus. — If  a  certain  stretch  of  a  living  nerve  be  traversed  by  a  constant 
electrical  {'^polarising  " )  current,  it  passes  into  a  condition  of  altered  excitability 
{Ritter,  1802,  and  others),  which  du  Bois-Reyraond  called  the  electrotonic  condition, 
or  simply  electrotonus.  This  condition  of  altered  excitability  extends  not  only  over 
the  part  actually  traversed  by  the  current,  intrapolar  portion,  but  it  is  communi- 
cated to  the  entire  nerve,  i.e.,  to  the  extrapolar  portions.  Pfliiger  (1859)  discovered 
the  following  laws  of  electrotonus  : — 

At  the  positive  pole  or  anode  (fig.  408,  A)  the  excitability  is  diminished — this 
is  the  region  of  anelectrotonus  ;  at  the  negative  pole  or  cathode  (K)  it  is  increased 
— this  is  the  region  of  cathelectrotonus.  The  changes  of  excitability  are  most 
marked  in  the  regions  of  the  poles  themselves. 

Indifferent  Point. — In  the  intrapolar  region  a  point  must  exist  where  the 
anelectrotonic  and  cathelectrotonic  regions  meet,  Avhere  therefore  the  excitability  is 
unchanged;  this  is  called  the  indifference  or  neutral  point.  This  point  lies 
nearer  the  anode  {i)  with  a  weak  current,  but  with  a  strong  current  nearer  the 
cathode  {i,)  ;  hence,  in  the  first  case,  almost  the  whole  intrapolar  portion  is  more 
excitable  ;  in  the  latter,  less  excitable.  [Expressed  otherwise,  a  weak  current 
increases  the  area  over  which  the  negative  pole  prevails,  while  the  reverse  is  the 
case  with  a  strong  current.  Or  in  the  intrapolar  region,  the  diminution  of  excita- 
bility extends  as  the  strength  of  the  current  increases,  or  to  put  it  otherwise,  with 
an  increasing  strength  of  current,  the  indifferent  point  moves  from  the  positive  to 
the  negative  pole.]  Very  strong  currents  greatly  diminish  the  conductivity  at  the 
anode,  and  indeed  may  make  the  nerve  completely  inccqyable  of  conduction  at  this 
part. 

At  the  cathode  also,  but  only  after  the  polarising  current  has  passed  for  some  time  through 
the  nerve  (  Werigo),  the  excitability  is  diminished,  and  the  nerve  in  this  area  is  rendered 
incapable  of  conduction  {Griinhagen). 

Extrapolar  Region. — The  extrapolar  area,  or  that  lying  outside  the  electrodes, 
is  greater  the  stronger  the  current.  Further,  with  the  weakest  currents,  the  extra- 
polar  anelectrotonic  area  is  greater  than  the  extrapolar  cathelectrotonic.  With 
strong  currents  this  relation  is  reversed. 

Fig.  408  shows  the  excitability  of  a  nerve  (iV,  n)  traversed  by  a  constant  current  in  the 
direction  of  the  arrow.  The  curve  shows  the  degree  of  increased  excitability  in  the  neighbour- 
hood of  the  cathode  (K)  as  an  elevation  above  the  nerve,  diminution  at  the  anode  (A)  as  a 
depression.  The  curve  m,  0,  i,„  p,  r,  shows  the  degree  of  excitability  with  a  strong  current ; 
c>  /,  in  h  k,  with  a  medium  current ;  lastly,  a,  b,  i,  c,  d,  with  a  weak  current. 

The  electrotonic  effect  increases  with  the  length  of  the  nerve  ti'aversed  by  the  current.  The 
changes  of  the  excitability  in  electrotonus  occur  instantly  when  the  circuit  is  closed,  while 
anelectrotonus  develops  and  extends  more  slowly.  Cold  diminishes  electrotonus  {Hermann  and 
V.  Gendre).  k 

When  the  polarising  current  is  opened  or  broken,  at  first  there  is  a  reversal  of 
the  relations  of  the  excitability,  and  then  there  follows  a  transition  to  the  normal 
condition  of  excitability  of  the  passive  nerve  {Pfliiger).  At  the  very  first  moment 
of  closing,  Wundt  observed  that  the  excitability  of  the  whole  nerve  "was  increased. 
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I  Proof  of  Electrotoniis  in  Motor  Nerves,— To  test  the  laws  of  electiotonus,  take  a  frog's 
nervcmusclo  nropuration  (lig.  401).  A  constant  current  (p.  542)  is  applied  to  a  limited  part 
of  the  nerve  by  moans  of  non-polarisablc  electrode.'^.  A  stimulus,  electrical,  cliemical  (saturated 
solution  of  common  salt),  or  mechanical  is  npnliod  either  in  the  region  of  the  anode  or  cathode  ; 
and  wo  observe  whether  tlie  contraction  which  results  is  greater  when  the  polarising  current  is 
opened  or  closed.    We  shall  consider  the  following  cases  (lig.  409).  ^    ^  , 

(a)  Descending  extrapolar  anelectrotoniis.  With  a  descending  current  we  have  to  test 
the  oxcitabilitv  of  the  extrapolar  region  at  the  anode.  If  the  stimulus  (common  salt)  applied 
at  R  (while  the  circuit  was  open)  causes  in  this  case  (A)  moderately  strong  contractions  in  the 
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Jig.  408. 

Scheme  of  the  electrotonic  excitability, 
limb,  then  these  at  once  become  xocakcr,  or  disappear      soon  '-^^^e  constant  current  is  trans- 
mitted thron-h  the  nerve.    After  the  circuit  is  opened,  the  conti-actions  produced  by  the  salt 

Cc^fS  ttaiolfr"^^^^^^^^  (A).    The  stimulus  (salt).is  at  R,  and  the 

coffiactions  thereby  produced  are  at  once  i^u^rcascd  after  closing  the  polarising  current.  On 
opening  it  they  are  again  ^^eakened.^^^^^^.^^  extrapolar  anelectrotonns  (B).    The  salt  Ues 

at  r,  ;  the  moderately  strong  contractions  excited  by  the  salt 
before  the  current  is  made,  become  feebler  after  the  current  is 

"^"(d)'  Ascending  extrapolar  cathelectrotonus  (B).  The  salt  lies 
at  r  In  this  case  we  must  distinguish  according  to  the  strength 
of  the  polarising  current  :-(l)  When  the  current  is  very  weak, 
which  can  be  obtained  with  the  aid  of  the  rheocord  (fig.  3/9),  on 
closint^  the  polarising  current,  there  is  an  iiwreasc  of  the  con- 
traction produced  by  salt.  (2)  If,  however,  the  current  is  strorvger, 
the  conti-actions  become  either  smaller  or  cease.  This  is  due  to 
the  fact  that  with  strong  currents  the  conductivity  ot  the  nodes 
is  diminished  or  even  abolished  (p.  565).  Although  the  salt 
acts  on  the  excitable  nerve,  there  is  no  contraction  of  the  muscle, 
as  the  conduction  of  an  impulse  is  prevented  by  the  resistance  in 

the  nerve.  .    ,         i_  x  j 

The  law  of  electrotoniis  may  also  be  demonstrated  on  a  com- 
pletely isolated  nerve.  The  end  of  the  nerve  is  properly  disposed 
upon  electrodes  connected  with  a  galvanometer,  so  as  to  obtain 
a  »g  current.  If  the  nerve,  when  the  constant  current  is 
closed,  is  stimulated  in  the  anelecti'otonic  area,  eg-.,  by  an  in- 
duction shock,  then  the  negative  variation  is  tveaker  than  wnen 
Fig.  409.  the  polarising  circuit  was  open.    Conversely,  it  i^  stronger  when 

Method  of  testing  the  excita-  jt  is  stimulated  in  the  cathelectrotonic  area.  _  Ihe  currents  irom 
bility  in  electrotonus.    E,  the  extrapolar  areas  of  a  nerve  in  a  condition  of  _  electrotonus 
r,  Ri,  r„  where  the  com-  exhibit  the  negative  variation  when  the  nerve  is  stimulatea 
mon  salt  (stimulus)  is  ap-  ! Bernstein).  ,    .  ,    x  •   i  ni,o,i„Vn1 

plied.  [Tigerstedt,  instead  of  emplojnng  an  electrical  or  <±ermc^\ 

stimulus  to  excite  the  electrotonic^erve   used  an  apparatus  ike  H-denhain  s^^^^^^^ 
whereby  the  nerve  was  beaten  gently  with  a  small  ivory  hammer.    He  tully  connims  rnnge 

''pioof  in  Man  -In  performing  this  experiment  it  is  important  to  ^^member  the  distribution 
of  tircm"e?t  in  the  bUy.    If  both  electrodes,  for  --1^' td^(f  alTmtrdS^  S 
ulnar  nerve  (fig.  410),  the  currents  entermg  the  nerve  at  the  anode  (-t-  a  a)  must  aimi 
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xcitabilitv  •  only  above  and  below  the  anode  (at  c  c)  the  positive  cnrrent  emerges  from  the 
lerve  and  excites  catheloctrotonus  at  these  points.  Similarly,  where  the  cathode  is  applied 
(-CC)  there  is  increased  excitability,  but  in  higher  and  lower  parts  of  the  nerve,  where  at  a  a) 
the  positive  current  (coming  from  +)  enters  the  nerve,  the  excitability  is  diminislied  (anelec- 
trotonns)  (v.  HelmhoUz,  Erb).  If  we  desire  to  stimulate  in  the  neighbourhood  ot  an  e  ectrode, 
then  we  cannot  act  upon  that  part  of  the  nerve  whose  excitability  is  influenced  by  the  electrode. 
In  order  therefore,  to  stimulate  directly  the  same  point  on  wliich  the  electrode  acts,  it  is 
necessary  to  apply  the  stimulus  at  the  same  time  by  the  electrode  itself,  e.g.,  either  mechani- 
cally or  by  conducting  the  stimulating  current  through  the  polarising  circuit  (  Waller  and  de 

Wattevilk).  .    .  ,1       -j.  i.  1 

II.  Proof  of  Electrotonus  in  Sensoiy  Nerves. — Isolate  the  sciatic  nerve  01  a  decapitated 
froo'.'  When  this  nerve  is  stimulated  in  its  course  with  a  saturated  solution  of  common  salt, 
reflex  movements  are  excited  in  the  other  leg,  the  spinal  cord  being  intact.  These  disappear  as 
soon  as  a  constant  current  is  applied  to  the  nerve,  provided  the  salt  lies  in  the  anelectrotonic 
area  {Pflilger  and  Zurhelle,  Eallstin). 

in.  Proof  of  Electrotonus  in  Inhibitory  Nerves. — To  show  this,  proceed  thus  : — On  causing 
dyspncea  in  a  rabbit,  the  number  of  heart-beats  is  diminished,  owing  to  the  action  of  the 
dyspnceic  blood  on  the  cardio-inhibitory  centre  in  the  medulla  oblongata.  If,  after  dividing 
the  vagus  on  one  side,  a  constant  descending  cun-ent  be  passed  through  the  other  intact  vagus, 
the  nmnber  of  pnlse-beats  is  again  increased  (descending  extrapolar  anelectrotonus).  If,  how- 
ever, the  current  through  the  nerve  be  an  ascending  one,  then  with  ^veak  currents  the  number 


Fig.  410. 

Scheme  of  the  distribution  of  an  electrical  current  in  the  nerve  on  galvanising  the 

ulnar  nerve. 

of  heart-beats  increases  still  more  (ascending  extrapolar  cathelectrotonus).  Hence,  the  action  of 
inhibitory  nerves  in  electi-otonus  is  the  opposite  of  that  in  motor  nerves. 

During  the  electrotonus  of  muscle,  the  excitability  of  the  intrapolar  portion  is 

altered.    The  delay  in  the  conduction  is  confined  to  this  area  alone  {y.  Bezold) — 

compare  §  337,  1. 

336.  ELECTROTONUS— LAW  OF  CONTRACTION.— Opening  and  Closing 

Shocks. — A  nerve  is  stimulated  both  at  the  moment  of  the  occurrence  and  that  of 
disappearance  of  electrotonus  {i.e.,  by  closing  and  opening  the  current — Bitter) : — 
(1)  When  the  current  is  closed,  the  stimulation  occurs  only  at  the  cathode,  i.e.,  at 
the  moment  when  the  electrotonus  takes  place.  (2)  When  the  current  is  opened, 
stimulation  occurs  only  at  the  anode,  i.e.,  at  the  moment  when  the  electrotonus 
disappears.  [This  is  Pfliiger's  well-known  principle — "  A  given  tract  of  nerve  is  stimu- 
lated hy  the  aj^pearance  of  cathelectrotonus  and  the  disappearance  of  anelectrotonus — 7iot, 
however,  hy  the  disajjpearance  of  cathelectrotonus  nor  hy  the  apjjearance  of  anelectro- 
tonus." From  this  principle  can  be  deduced  the  law  of  contraction.]  (3)  The 
stimulation  at  the  occurrence  of  cathelectrotonus  is  stronger  than  that  at  the  dis- 
appearance of  anelectrotonus  {Pfliiger). 

Eitter's  Opening  Tetanus.— That  stimulation  occurs  only  at  the  anode,  when  the  current  is 
opened,  was  i^roved  by  Pfliiger  by  means  of  "  Ritter's  opening  tetanus."  Ritter's  tetanus  con- 
sists in  this,  that  when  a  constant  current  is  passed  for  a  long  time  through  a  long  stretch  of 
nerve,  on  opening  the  cun-ent,  tetanus  lasting  for  a  considerable  time  results.    If  the  current 
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was  a  descending  one,  then  this  tetanus  ceases  at  once  after  section  of  tlie  intiapolar  area,  a 
proof  that  the  tetanus  resulted  from  the  now  separated  anode.  If  the  current  was  an  ascending 
one,  section  of  the  nerve  has  no  elfect  on  the  tetanus. 

PJliigor  and  v.  Hezold  f'ounil  a  further  proof  that  the  closing  or  make  contraction  proceeds  from 
the  cutfiode,  and  the  opening  or  break  contraction  from  the  anude,  by  showing  that  with  a  descend- 
ing current,  the  closing  contraction  in  the  muscle,  at  tlie  moment  of  closing  occurred  earlier, 
while  the. opening  contraction  at  the  moment  of  opening  occurred  later ;  and,  conversely,  with 
an  ascending  current  the  closing  contraction  occurred  later,  and  the  opening  contraction 
sooner.  The  dillerence  in  time  corresponds  to  the  time  required  for  the  propagation  of  tlic 
impulse  in  the  iutrapolar  region  (§  337).  If  a  large  part  of  the  iiitrapolar  region  in  a  frog's 
nerve  be  rendered  iiiexcitable  by  applying  ammonia  to  it,  then  only  the  electrode  next  the 
muscle  stimulates,  i.e.,  always  on  closing  or  making  a  descending  current  and  on  opening  or 
breaking  an  ascending  one  {Biedermann). 

A.  The  law  of  contraction  is  valid  for  all  kinds  of  nerves— The  contraction 
occurring  at  the  closing  or  opening  of  a  constant  current  varies  with  (a)  the  direc- 
tion {Pfaf),  and  (b)  the  strength  of  the  current  (Ileidenhain). 

(1)  Very  feeble  currents,  in  conformity  with  the  third  of  the  above  statements, 
cause  only  a  closing  contraction,  both  with  an  ascending  and  a  descending  current. 
The  disappearance  of  electrotonus  is  so  feeble  a  stimulus  as  not  to  excite  the  nerve. 

(2)  Medium  currents  cause  opening  or  closing  contractions  both  with  an  ascending 
and  descending  current. 

(3)  Very  strong  currents  cause  only  a  closing  contraction  with  a  descending 
current;  the  opening  shock  does  not  occur,  because,  with  very  strong  currents, 
almost  the  whole  of  the  intrapolar  portion  of  the  electrotonic  nerve  is  incapable  of 
conducting  an  impulse  (p.  565).  Ascending  currents  cause  only  an  oiJening  contraction 
for  the  same  reason.  With  a  certain  strength  of  current,  the  muscle  remains 
tetanic  while  the  current  is  closed  ("  closing  tetanus  "). 

[The  latv  of  contraction  is  formulated  : — R  =  rest ;  C  =  contraction.]   
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II  In  a  dying  nerve,  losing  its  excitability,  according  to  the  Kitter-Valli_  law 
(S  325  7)  the  law  of  contraction  is  modified.  In  the  stage  of  increased  excitability, 
weak  currents  cause  only  closing  contractions  with  both  directions  of  the  current. 
In  the  following  stage,  when  the  excitability  begins  to  dimmish,  weak  currents  cause 
opening  and  closing  contractions  with  both  currents.  Lastly,  when  the  excitability 
is  very  greatly  diminished,  the  descending  current  is  followed  only  by  a  closing 
contraction,  and  the  ascending  by  an  opening  contraction  (Bitter,  1829).  _ 

III  As  the  various  changes  in  excitability  occur  in  a  centrifugal  direction  a  oug 
the  nerve,  we  may  detect  the  various  stages  simultaneously  at  different  parts  along 
the  course  of  the  nerve.  According  to  Valentin  and  Fick,  the  living  intact  nerve 
shows  only  a  closing  contraction  with  both  directions  of  the  current,  and  opemng 
contractions  only  with  very  strong  currents. 

FleiscH's  Law  of  Contraction. -V.  Fleischl  and  Strieker  have  stated  a  different  law  in 
respect  to  the  fact,  that  the  excitability  varies  at  certain  points  in  the  course  of  a  nerve.  Ihe 
sciatic  nerve  is  divided  into  three  areas' Stretches  from  the  muscle  to  he  p  ace  where  the 
Ranches  for  the  thigh  muscles  are  given  off;  (2)  from  here  to  the  intervertebral  ganglion ;  3) 
from  here  into  the  spinal  cord.  Each  of  these  three  areas  consists  of  two  parts  ("  }Wer  and 
low^r  pole  "),  which  adjoin  each  other  at  an  equator.  In  each  upper  pole,  the  excitability  of 
thrneire  is  <^reater  for  descending  currents,  alid  in  each  lower  pole  for  ascending  one.s.  At 
Sch  ec^Iatoi  the  excitability  of  the'nerve  is  the  same  for  ascending  and  descending  currents 
SdTerence  in  the  activity,  due  to  the  direction  of  the  current,  is  greater  for  each  stretch  of 
Lrve  t^e Teat"  this  stretch  is  distant  from  the  equator.  The  excitability  is  less  at  those 
points  of  the  nerve  where  the  three  areas  join  each  other. 
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Eekhard  observed  that,  ou  opening  an  ascending  medium  current  applied  to  tlie  hypoglossal 
nerve  of  a  rabbit,  one-half  of  the  tongue  exhibited  a  trcmhUng  movement  instead  f  j^  ^^l^^ 
tion  while  ou  closing  a  descending  current,  the  same  result  occurred  (§  297,  3).  AccouUng  to 
pZ'-eT  the  molecules  of  the  passive  nerve  are  in  a  certain  state  of  mediun^  mobility.  In 
cathelectrotonus  the  mobility  of  the  molecules  is  increased,  in  anelectrotonus  diminished. 

B  The  law  for  inhibitory  nerves  is  similar.  Moleschott,  v.  Bezold,  and 
Bonders  have  found  similar  results  for  the  vagus,  with  this  difEerence,  that,  instead 
of  the  contraction  of  a  muscle,  there  .is  inhibition  of  the  heart. 

C  For  sensory  nerves  also  the  result  is  the  same,  but  we  must  remember  that 
the  perceptive  organ  lies  at  the  central  end  of  the  nerve,  while  in  a  motor  nerve  it 
is  at  the  periphery  (muscle).  Pfliiger  studied  the  efifect  of  closing  and  opening 
a  current  on  sensory  nerves  by  observing  the  reflex  movement  which  resulted. 
Weak  currents  cause  only  closing  contractions  ;  medium  currents  both  opening  and 
closino'  contractions ;  strong  descending  currents  only  opening  contractions  ;  and 
ascendino-  only  closing  contractions.  Weak  currents  applied  to  the  human  skin 
cause  a  sensation  with  both  directions  of  the  current  only  at  closing  ;  strong  descend- 
ing currents  a  sensation  only  at  opening  ;  strong  ascending  currents  a  sensation 
only  at  closing  {Marianini,  Matteticci).  When  the  current  is  closed,  there  is  prickly 
feeling,  which  increases  with  the  strength  of  the  current  {Volta).  Analogous 
phenomena  have  been  observed  in  the  sense  organs  (sensations  of  light  and  sound) 
by  Volta  and  Ritter. 

D.  In  muscle,  the  law  of  contraction  is  proved  thus — by  fixing  one  end  of  the 
muscle,  keeping  it  tense,  so  that  it  cannot  shorten,  and  opening  and  closing  the 
current  at  this  end.  The  end  of  the  muscle,  which  is  free  to  move,  shows  the  same 
law  of  contraction  as  if  the  motor  nerve  were  stimulated  {v.  Bezold).  On  closing 
the  current,  the  contraction  begins  at  the  cathode;  on  opening,  at  the  anode 
(Engelmann).  E.  Hering  and  Biedermann  showed  more  clearly  that  both  the 
closing  and  opening  contractions  are  purely  polar  efEects ;  when  a  weak  current 
applied  to  a  muscle  is  closed,  the  first  effect  is  a  small  contraction  limited  to  the 
cathodic  surface  of  the  muscle.  Increase  of  the  current  causes  increased  contraction 
which  extends  to  the  anode,  but  which  is  weaker  there  than  at  the  cathode ;  at  the 
same  time,  the  muscle  remains  contracted  during  the  time  the  current  is  closed. 
On  023ening,  the  contraction  begins  at  the  anode;  even  after  opening,  the  muscle 
for  a  time  may  remain  contracted,  which  ceases  on  closing  the  current  in  the  same 
direction. 

By  killing  the  end  of  a  muscle  in  various  ways,  the  excitability  is  diminished  near  this  part.. 
Hence,  at  such  a  place  the  polar  action  is  feeble  {van  Loon  and  Engelmann,  Biedermann)! 
Touching  a  part  with  exti-act  of  flesh,  potash,  or  alcohol  diminishes  locally  the  polar  action, 
•while  soda  salts  and  veratrin  increase  it  (Biedermann). 

Closing  Continued  Contraction. — The  moderate  continued  contraction,  wliich  is  sometimes 
observed  in  a  muscle  while  the  current  is  closed  (fig.  329,  O),  depends  upon  the  abnormal  pro- 
longation of  the  closing  contraction  at  the  cathode  when  a  strong  stimulus  is  used,  or  during 
the  stage  of  dying,  or  in  cooled  winter  frogs  ;  sometimes  the  opening  of  the  current  is 
accompanied  by  a  similar  contraction  proceeding  from  the  anode  (Biedermann).  This  tetanus 
is  also  due  to  the  summation  of  a  series  of  simple  contractions  (§  298,  III.).  By  acting  on  a 
muscle  with  a  2  per  cent,  saline  solution  containing  sodic  carbonate,  the  duration  of  the  con- 
traction is  increased  considerably,  and  occasionally  the  muscle  shortens  rhythmically  (§  296) 
(Biedermann). 

If  the  whole  muscle,  is  placed  in  the  circuit,  the  closing  contraction  is  strongest 
with  both  directions  of  the  current;  during  the  time  the  current  is  closed,  a  con- 
tinued contraction  is  strongest  when  the  current  is  ascending  ( Wundt). 

Inhibitory  Action.^ — The  constant  current,  when  applied  to  a  muscle  in  a  con- 
dition of  continued  and  sustained  contraction,  has  exactly  the  opposite  effect  to 
that  on  a  relaxed  muscle.  If  a  constant  current  be  applied  by  means  of  non- 
polarisable  electrodes  to  a  muscle  in  a  state  of  continued  contraction,  e.g.,  after 
poisoning  with  veratrin  or  through  the  contracted  ventricle,  when  the  current  is 
closed,  there  is  a  relaxation  beginning  at  the  anode  and  extending  to  the  other 
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parts ;  on  opening  the  current  applied  to  muscle  in  contintiecl  contraction,  the 
relaxation  proceeds  from  the  cathode. 

Coi'R'spouduig  to  this  remarkable  phenomenon,  Biedermann  found  as  regards  the  curreuts 
in  the  muscle-substance  following  the  ordinary  law,  that  every  contracted  part  is  negative  to 
every  passive  section  of  th«  muscle.  Perhaps  tlie  experiment  of  Pawlow,  who  found  nerve-libres 
in  the  adductor  muscle  of  the  mussel,  whose  stimulation  caused  relaxation  of  the  muscular 
contraction,  may  throw  some  light  on  this  question. 

Eitter's  Opening  Tetanus. — If  a  nerve  or  muscle  be  traversed  by  a  constant 
current  for  some  time,  w6  often  obtain  a  prolonged  tetanus,  after  opening  the 
current  (Ritter's  opening  tetanus,  1798).  It  is  set  aside  by  closing  the  original 
current,  while  closing  a  current  in  the  opposite  direction  increases  it  ("  Volta's 
alternative  ").  The  continued  passage  of  the  current  increases  the  excitability  for 
the  opening  of  the  current  in  the  same  direction,  and  for  the  closing  of  the  reverse 
current ;  conversely,  it  diminishes  it  for  the  closing  of  the  current  in  the  same 
direction,  and  for  the  opening  of  the  reverse  current  ( Volta). 

According  to  Griitzner  and  Tigerstedt,  the  cause  of  the  opening  contraction  is  partly  due  to 
the  occurrence  of  polarising  after-currents  (§  333),  and  according  to  Hermann  to  a  diminution 
of  the  anodic  positive  polarisation. 

Engelraann  and  Grtlnhagen  explain  the  occurrence  of  opening  and  closing  tetanus,  thus,  as 
due  to  latent  stimulations,  drying,  variations  of  the  temperature  of  the  prepared  nerve,  which  of 
themselves  are  too  feeble  to  cause  tetanus,  but  which  become  effective  if  an  increased  excitability 
obtains  at  the  cathode  after  closure,  and  at  the  anode  after  opening  the  current. 

Biedermann  showed  that,  under  certain  conditions,  two  successive  opening  contractions  can 
be  obtained  in  a  frog's  nerve-muscle  preparation,  the  second  and  later  one  corresponding  to 
Ritter's  tetanus.  The  first  of  these  contractions  is  due  to  the  disappearance  of  anelectrotonus 
in  Pfliiger's  sense  ;  the  second  is  explained,  like  Ritter's  opening  tetanus,  in  Engelmann  and 

Griinhagen's  sense.  ^     .  . .        .  t. 

Simultaneous  action  of  the  constant  current  and  the  nerve-current.  —Action  ot  two  currentB. 

In  a  nerve-muscle  preparation  used  to  prove  the  law  of  contraction,  of  course  a  demarcation- 
current  is  developed  in  the  nerve  (§  334,  II.).  If  an  artificial  weak  stimulating-current  be 
applied  to  such  a  nerve,  we  obtain  an  interference  effect  due  to  these  tsvo  cuirents  ;  closing  a 
weak  constant  ciu'rent  causes  a  contraction,  which,  however,  is  not  properly  a  closing  conti-ac- 
tion,  but  depends  upon  the  opening  (or  derivation)  of  a  branch  of  the  demarcation-current; 
conversely,  the  opening  of  a  weak  constant  current  may  excite  a  contraction,  which  is  really  due 
to  the  closing  of  a  side  branch  of  the  nerve-current,  in  a  secondary  circuit  through  the  electi'odes 
(Herinq,  Biedermann,  Griitzner). 

If  two  induction  shocks  be  simultaneously  applied  to  a  motor  nerve,  two  cases  are  possible. 
Either  the  one  shock  is  so  feeble  that  the  nerve  is  not  thereby  suflficiently  excited  to  cause  a 
contraction,  while  the  other  shock  causes  only  a  feeble  contraction.  In  this  case,  the  sub- 
maximal  shock  plays  the  part  of  a  weak  constant  current,  and  the  size  of  the  contraction 
depends  only  upon  whether  the  effective  stimulus  was  applied  m  the  area  of  the  anode  or  the 
cathode  of  the  submaximal  shock  {Sewall,  Grunhagcn,  Werigo).  If,  however,  unequal,  strong 
induction  shocks,  each  of  which  is  effective-but  separated  from  each  other  on  account  ot 
the  electrotonic  action-be  applied  to  a  nerve,  then  the  result  is  as  if  the  stronger  alone  was 
active.  The  feebler  wave  of  excitation  passes  completely  into  the  stronger  one  {Grunhagen, 
Werigo). 

337  TRANSMISSION  OF  NERVOUS  IMPULSES.— 1.  If  a  motor  nerve 
be  stimulated  at  its  central  end  (1)  a  condition  of  excitation  is  set  up,  and  (2) 
an  impulse  is  transmitted  along  the  nerve  to  the  muscle  with  a  certain  velocity. 
The  latter  depends  on  the  former  and  represents  the  function  of  conductivity. 
The  velocity  is  about  27^  metres  [about  90  feet]  per  second  (v  Helmholtz),&ud  for 
the  human  motor  nerves  33-9  [100  to  120  feet  per  second]  {v.  Helmholtz  and  Baxi). 

The  velocity  is  less  in  the  visceral  nerves,  e.g.  m       pharyngeal  branches  o^^ 
metres  [26  feet]  {Chmoveau);  in  the  motor  nerves  of  the  lobster  6  meti-es  [18  feet]  [Fredincq  and 
vande  Velde).  .  ju-  „ 

Modifying  Conditions.— The  velocity  is  influenced  by  various  conditions  :- 
Temmrature.-li  is  lessened  considerably  by  cold  {v.  HelmMtz)  but  both  high 
anTlow  temperatures  of  the  nerve  (above  or  below  15°  to  25°  C.)  lessen  it  {Stevi^r 
cmd  ZS)  ,  also  curara,  the  cMmc  condition  {v.  Bezold) ;  or  only  anelectro- 
tonus Scathelectrotonus  increases  it  {Eutherford,  Wundt).    It  varies  also  with 
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the  length  of  the  conducting  nerve, 


The'mothod  depends  upon  the  fact  that,  the  needle 


but  it  increases  with  the  strength  of  the  stimulus 
(v.  Helmholtz  and  Baxt\  although  not  at  first  {v.  Vintschgau). 

Methods. -1.  V.  Helmholtz(1850)  estimated  the  velocity  of  the  nej've-imp^^^^ 
motor  uerve  after  the  method  of  Pouillet. 
of  a  galvanometer  is  detlected 
bv  a  current  of  very  short 
duration,  the  extent  of  the 
deflection  being  proportional 
to  the  duration  and  strength 
of  the  current.  The  apparatus 
is  so  arranged  that  the  "  time- 
marking  current "  is  closed  at 
the  moment  the  uerve  is  stimir- 
lated,  and  opened  again  when 
the  muscle  contracts.  If  the 
nerve  attached  to  a  muscle  be 
now  stimulated  at  the  further 
point  from  the  muscle,  and  a 
second  time  near  its  entrance 
to  the  muscle,  then  in  the 
latter  case  the  time  between 
the  application  of  the  stimulus 
and  the  beginning  of  the  con- 
traction of  the  muscle,  i.e.,  the 
deflection  of  the  galvanometer, 
will  be  less  than  in  the  former 
case,  as  the  impulse  has  to 
traverse  the  whole  length  of 
the  nerve  to  reach  the  muscle. 
The  difference  between  the  two 
times  is  the  time  required  by 
the  impulse  to  traverse  a  given  Fig-  411. 

distance  of  nerve.     Fig.  411        y.  Helmholtz's  method  of  estimating  the  velocity  of  a 
shows  in  a  diagrammatic  man-  nerve-pulse, 
ner  the  arrangement  of  the  ex-  .  i.-  c  \ 

periment.  The  galvanometer,  G,  is  placed  in  the  time-marking  circuit  (open  at  first),  a,  b 
(element),  c  (piece  of  platinum  on  a  key,  W),  inti-oduced  into  the  time-marking  circuit,  d,  e, 
f,  7i.  The  cii-cuit  is  made  by  closing  the  key,  S,  when  d  depresses  the  platinum  plate  of  the 
key,  W.  At  once  when  the  current 
is  closed,  the  magnetic  needle  is 
deflected,  and  its  extent  noted.  At 
the  same  moment  in  which  the  cur- 
rent between  c  and  d  is  closed,  the 
primary  circuit  of  the  induction 
machine  is  opened,  the  circuit  being 
i,  k,  I  (element),  m,  0  (primary 
spiral),  p.  Thereby  an  opening  shock 
is  induced  in  the  secondary  spiral, 
R,  which  stimulates  the  nerve  of  the 
frog's  leg  at  n.  Thus,  the  closing 
of  the  galvanometer  circuit  exactly 
coincides  with  the  stimulation  of  the 
nerve.  The  impulse  is  propagated 
through  the  nerve  to  the  muscle,  M, 
and  the  latter  contracts  when  the  im- 
pulse roaches  it,  at  the  same  time 

opening  the  time-measuring  circuit  ^.  „ 

at  the  double  contact,  c  and  /,  by  „  ,  „  . 

raising  the  lever,  H,  which  rotates  Scheme  for  measuring  the  velocity  of  nerve-  energy.  /, 
on  a;.  At  the  moment  of  opening,  the  clamp  for  femur;  m,  muscle;  N,  nerve;  a,  near,  h,  re- 
further  deflection  of  the  magnetic  moved  from,  C,  commutator;  II,  secondary;  I,  primary 
needle  ceases.  The  contact  at /is  spiral  of  induction  machine;  B,  battery;  1,  2,  key; 
made  by  a  pointed  cupola  of  mercury.     3,  tooth  on  the  smoked  plate  P. 

When  the  lever,  H,  falls  after  the  contact  of  the  muscle,  so  that  the  point,  c,  comes  into  contact 
with  the  underlying  solid  plate,  y,  the  contact  at  /  still  remains  open,  i.e.,  through  the  gal- 
vanometer circuit.    If  the  nerve  be  stimulated  with  the  opening  shock,  first  at  «,  and  then 
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at  N,  the  dcnection  of  the  needle  is  greater  in  the  former  than  in  the  latter  case.  From  the 
difl'erence,  we  calculate  the  time  for  the  conduction  of  the  impulse  in  the  stretch  of  the  nerve 
between  7i  and  N. 

[2.  A  simpler  method  is  that  shown  in  the  scheme,  fig.  412.  Use  a  pendulum 
or  spring  myograph,  (fig.  323),  and  suspend  in  a  suitable  manner  a  frog's  gastro- 
cnemius (/«),  with  a  long  portion  of  the  sciatic  nerve  (N)  dissected  out,  by  fixing 
the  femur  in  a  clamp  (/),  while  the  tendo  Achilles  is  fixed  to  a  lever,  which 
inscribes  its  movements  on  the  smoked  glass  plate  (P)  of  the  myograph ;  place  the 
key  of  the  myograph  (2)  in  the  circuit  with  the  battery  (B),  and  the  primary 
circuit  of  the  induction  machine  (I).  To  the  secondary  coil  (II)  attach  two  wires, 
and  connect  them  with  a  commutator  ivithout  cross-hars  (C).  Connect  the  other 
binding  screws  of  the  commutator  with  two  pairs  of  wires,  arranged  so  that  one 
pair  can  stimulate  the  nerve  near  the  muscle  («),  and  the  other  at  a  distance  from 
it  {h).  When  the  glass  plate  flies  from  one  side  to  the  other,  the  tooth  (3)  on 
its  framework  opens  the  key  (2)  in  the  primary  circuit,  and  if  the  commutator  be 
in  the  position  indicated,  then  the  induced  current  will  stimulate  tiie  nerve  at  a, 
and  a  curve  will  be  obtained  on  the  glass  plate.  Rearrange  the  pendulum  as  before, 
but  turn  the  handle  of  the  commutator,  and  allow  the  glass  plate  to  fly  again. 
This  time  the  induced  current  will  stimulate  the  nerve  at  h,  and  a  second  con- 
traction, a  little  later  than  the  first  one,  wall  be  obtained.  Register  the  velocity  of 
the  glass  plate  by  means  of  a  tuning-fork,  and  the  curve  obtained  will  be  something 
like  fig.  413,  although  this  curve  was  obtained  on  a  cylinder  travelling  at  a  uniform 


Fig.  413. 

l,.ciu-ve  obtained  on  stimulating  a  nerve  (man)  near  the  muscle  ;  2,  when  the  stimulus  was 
applied  to  the  nerve  at  a  distance  from  the  muscle  ;  D,  vibrations  of  a  tuning-fork  (2o0 
per  second). 

rate.  The  difference  between  the  beginning  of  the  a  and  h  curves  indicates  the 
time  that  the  nerve-impulse  took  to  travel  from  h  to  o.  This  time  is  measured  by 
the  tuning-fork,  and  if  the  distance  between  the  points  a  and  h  is  known,  then  the 
calculation  is  a  simple  one.  Suppose  the  stretch  of  nerve  between  a  and  6  to  be  2 
inches,  and  the  {ime  required  by  the  impulse  to  travel  from  a  to  h  to  be  second, 
then  we  have  the  simple  calculation — 2  inches  :  12  inches  :  :  ^|-o"  :  gV  or  80 
feet  per  second.  In  fig.  413  the  experiment  was  made  on  man;  the  curve  1  was 
obtained  by  stimulating  the  nerve  near  the  muscle,  and  2  when  the  nerve  was 
stimulated  at  a  distance  of  30  centimetres.  The  interval  between  the  vertical  lines 
corresponds  to  second,  i.e.,  the  time  required  by  the  nerve-impulse  to  pass 
along  30  centimetres  of  nerve,  whicb  is  equal  to  a  velocity  of  30  metres  (90  feet) 
per  second.] 

In  man,  v.  Helmholtz  and  Baxt  estimated  the  velocity  of  the  impiUse  in  the  median  nerve 
by  causing  the  muscles  of  the  ball  of  the  thumb  to  write  off  their  contractions  on  a  rapully 
revolving  cylinder.  [In  this  case  the  "pince  myographique  "  of  Marey  may  be  used  (§  /  OS). 
The  ends  of  the  pince  are  applied  so  as  to  embrace  the  ball  of  the  thumb,  so  that  when  the 
muscles  contract,  the  increase  in  thickness  of  the  muscles  expands  the  piuce,  which  acts  on  a 
Marey's  tambour,  by  which  the  movement  is  transmitted  to  another  tambour  provided  witli  a 
writing-style,  and  inscribing  its  movements  ui-on  a  rapidly  moving  surface,  either  rotatory 
or  swinging.!  The  nerve  is  stimulated  at  one  time  in  the  axilla  and  again  at  the  wrist.  1  wo 
curves  are  obtained,  which,  of  course,  do  not  begin  at  the  same  time.  T^ie  d.flerence  in  tinve 
between  the  beginning  of  the  two  curves  is  the  time  taken  by  the  impulse  to  traverse  theaboxe- 
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mentioned  length  of  nerve.  [The  time  is  easily  ascertained  by  causing  a  tuning-fork  of  a 
known  rate  of  vibration  to  write  its  movements  under  the  curves.] 

3  In  the  sensory  nerves  of  man,  the  velocity  of  the  impulse  is  probably  about 
the  same  as  in  motor  nerves,  The  rates  given  vary  between  94  to  30  metres  [280 
to  90  feet]  per  second  {v.  HetmhoUz). 

Method  —Two  points  are  cho.sen  as  far  apart  as  possible,  and  at  unequal  distances  from  the 
brain,  and  they  are  successively  excited  by  a  momentary  stiniuhis,  «.</.,  an  opening  indue  ion 
shock  applied  successively  to  the  tip  of  the  ear  and  the  great  toe  The  moment  ol  the  apphca- 
tion  of  the  stimulus  is  indicated  on  the  registering  surface.  Ihe  person  experimented  on  is 
provided  with  a  key  attached  to  an  electric  arrangement,  by  which  he  can  mark  on  tlie  register- 
ing; surface  the  moment  he  feels  the  sensation  in  each  case.  ,   ,  1  w, 

Eeaction  Time  —The  time  which  elapses  between  the  application  of  the  stimulus  and  the 
reaction  is  called  the  "  reaction  time:'  It  is  made  up  of  the  time  necessary  for  conduction  in 
the  sensory  nerve  that  for  the  process  of  perception  in  the  brain,  for  the  conduction  in  the 
motor  nerves  to  the  muscles,  by  which  the  signs  on  the  registering  surface  were  made,  and 
lastly  by  the  latent  period  (p.  480).    The  reaction  time  is  usually  about  0-125  to  0"2  second 

Pathological  —The  conduction  in  the  cutaneous  nerves  is  sometimes  greatly  delayed,  in 
alterations  of  the  cutaneous  sensibility,  in  certain  diseases  of  the  spinal  cord  (§  364).  The 
sensation  itself  may  be  unchanged.  Sometimes  only  the  conduction  lor  painful  impressions  is 
retarded  so  that  a  painful  impression  on  the  skin  is  first  perceived  as  a  tactile  sensation,  and 
afterwards  as  pain  or  conversely.  When  the  interval  of  time  between  these  two  sensations  is 
lonc'  then  there  is  a  distinctly  double  sensation  {Naunyn).  It  is  rarely  that  voluntary  move- 
ments are  executed  much  more  slowly  from  causes  depending  on  the  motor  nerves  but 
occasionally  the  time  between  the  voluntary  impulse  and  the  contraction  is  lengthened,  but 
there  may  be  in  addition  slower  or  longer  continued  contraction  of  the  muscle.  In  tabes 
dorsalis  or  locomotor  ataxia,  the  discharge  oi  reflex  movements  is  delayed  ;  it  is  slower  with 
thermal  stimuli  (60°)  than  with  cold  ones  (0-52"  C,  Ewald). 

338.  DOUBLE  CONDUCTION  IN  NERVES.— Conductivity  is  that  property 
of  a  living  nerve  in  virtue  of  which,  on  the  application  of  a  stimulus,  it  transmits 
an  impulse.  [The  nature  of  a  nerve-impulse  is  entirely  unknown ;  we  may  con- 
veniently term  the  process  nerve-motion,  but  there  is  some  reason  to  believe  that 
nerve  energy  is  transmitted  by  some  sort  of  molecular  vibration.]  The  conductivity 
is  destroyed  by  all  influences  or  conditions  which  injure  the  nerve  in  its  continuity 
(section,  ligature,  compression,  destruction  by  chemical  agents) ;  or  which  abolish 
the  excitahility  at  any  part  of  its  course  (absolute  deprival  of  blood;  certain 
poisons,  e.g.,  curara  for  motor  nerves ;  also  strong  anelectrotonus,  §  335). 

Law  of  Isolated  Conduction. — Conduction  always  takes  place  only  in  the  con- 
tinuity of  fibres,  the  impulse  never  being  transferred  to  adjoining  nerve-fibres. 

Double  Conduction. — Although  apparently  conduction  in  motor  nerves  takes 
place  only  in  a  centrifugal  direction  towards  the  muscles,  and  in  sensory  nerves  in  a 
centripetal  direction,  i.e.,  towards  the  centre  ;  n'evertheless,  experiment  has  proved 
that  a  nerve  conducts  an  impulse  in  both  directions,  just  as  in  a  non-living  con- 
ductor. If  a  pure  motor  or  sensory  nerve  be  stimulated  in  its  course,  an  impulse 
is  propagated  at  the  same  time  in  a  centrifugal  and  in  a  centripetal  direction. 
This  is  the  phenomenon  of  ^'■double  conduction." 

Proofs. — 1.  If  a  nerve  be  stimulated,  its  electro-motive  properties  are  afiected 
both  above  and  below  the  point  of  stimulation  (see  Negative  Variation  in  Nerves, 
§  332). 

2.  Electrical  Nerves. — If  the  posterior  free-end  of  the  electrical  centrifugal 
nerves  of  the  malapterurus  be  stimulated,  the  branches  given  off  above  the  point 
of  stimulation  are  also  excited,  so  that  the  whole  electrical  organ  discharges  its 
electricity  (^Bahuchin,  Mantey).  ' 

3.  Kiihne's  Experiments. — The  sartorius  of  the  frog  has  no  nerve-fibres  at  its 
upper  and  lower  ends.  If  the  lower  end  be  cut  off,  and  if  the  lower  third  of  the 
muscle  be  suspended  and  divided  vertically,  on  stimulating  mechanically  one  apex 
of  the  muscle,  then  the  impulse  passes  in  the  motor  nerves  centripetally  to  the  place 
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where  the  nerve-fibre  bifurcates  in  the  muscle,  and  from  thence  centrifugally  into 
the  other  or  non-stimulated  apex,  and  causes  it  to  contract. 

[The  Gracilis  of  the  frog  is  divided  into  a  larger  and  smaller  portion  (L)  by  a 
tendinous  inscription  (K)  running  across  it  (fig.  414).  The  nerve  (N)  enters  at 
the  hilum  in  the  larger  portion,  bifurcates,  and  gives  a  branch  (k)  to 
the  smaller  portion  and  another  to  the  larger  portion  of  the  muscle. 
Let  the  muscle  be  cut  as  shown  in  fig.  414,  avoiding  injury  to  the 
nerves,  so  that  only  the  nerve-twig  (Jc)  connects  the  larger  and  smaller 
portions  of  the  muscle.  If  the  tongue  or  tip  of  muscle  (Z)  with 
its  nerves  be  stimulated,  contraction  occurs  both  in  L  and  M,  which 
•  is  due  to  centripetal  conduction  in  the  motor  nerve.  The  nerve-fibres 
divide  dichotomously  above  where  the  nerves  are  given  off  to  the 
portions  L  and  M.] 

[If  the  inscription  be  left,  and  the  lower  tip  of  the  muscle  (which 
a..g.  is  devoid  of  nerves)  be  stimulated,  only  the  lower  and  not  the  upper 

Kuhne's  Gracilis  part  twitches;  but  if  a  part  of  the  muscle  containing  nerves  common  • 

experiment,  to  both  parts  be  stimulated,  then  both  parts  of  the  muscle  contract. 
This  also  proves  that  pure  muscular  excitation  does  not  travel  backwards  from  the 
muscle  to  the  nerves.    How  this  comes  about,  we  are  entirely  ignorant.] 

The  following  experiments  used  to  be  cited  as  proofs,  but  they  do  not  stand  the 
test  of  criticism. 

4  Union  of  Motor  and  Sensory  Nerves.— If  tlie  hypoglossal  and  lingual  nerves  be  divided  in 
a  doff,  and  if  the  peripheral  end  of  the  hypoglossal  be  stitched,  so  as  to  unite  mth  the  central 
°'  '■     '■  end  of  the  lingual  (Bidder),  then, 

several  months  after  the  union  and 
restitution  of  the  nerves,  stimula- 
tion of  the  central  end  of  the 
liuo-ual  causes  contraction  in  the 
coi-responding  half  of  the  tongue. 
Hence,  it  has  been  assumed  that 
the  lingual,  which  is  the  sensory 
nerve  of  the  tongue,  must  conduct 
the  impulse  in  a  perijiheral  direc- 
tion to  the  end  of  the  hypoglossal. 
This  experiment  is  not  conclusive, 
as  the  trunk  of  the  lingual  receives 
high  up  the  centrifugal  fibres  from 
the  seventh,  viz.,  the  chorda  tym- 
pani,  which  may  unite  with  those 
of  the  hypoglossal.  Further,  if  the 
chorda  be  divided  and  allowed  to 
degenerate  before  the  above  de- 
scribed experiment  is  made,  then 
no  contractions  occur  on  stimu- 
lating the  lingual  above  the  point 
of  union  (§  349). 

5.  Bert's  Experiment.  —  Paul 
Bert  removed  the  skin  from  the 
tip  of  the  tail  of  a  rat,  and  stitched 
it  into  the  skin  of  the  back  of  the 
animal,  where  it  united  with  the 
tissues.  After  the  first  union  had 
taken  place,  the  tail  was  then  di- 


Fig.  415.  Fig.  416.  Fig  417.       — •  ^Ylts'base,  so  that  the  tail. 

Double  sponge  rheophore.  Disc  rheophore.  Metallic  brusli.  j^.  ^^.^^.^^  ^.^^  tj^e  skin  on 
the  back  of  the  animal.  On  stimulating  the  tail,  the  animal  exhibited  signs  of  sensation.  For 
the  explanation  of  this  experiment,  see  §  325. 

OQQ  PTTIOTEOTHEEAPEUTICS-KEACTIGN  OF  DEGENERATION. -Electricity  is  ft-e- 
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maffneto-electrical  apparatus,  and  the  extra-currmt  apparatus.  The  constant  or  galvanic  cun-ent 
is  also  used,  especially  since  Kemak's  time,  1855  (§  330). 

N.  radialis. 
M.  braohiaL  Intern. 
M.  Bupiaator  ;Ong. 
M.  radial,  ext.  long. 


M.  triceps  (caput  ext.) 
M.  triceps 
(caput  long.) 
M.  deltoirteus 
I  (post,  lllllfl. 

(N.  axillaris). 


M.  radia'.  ext.  brev. 
M.  extens.  digit.  oommnniB, 
M.  extens.  digit,  min. 
M.  extens.  indicis. 

M.  abduct  poUic.  loni 

extens.  poUic.  brev. 
M.  extens.  poll.  long.  \ 


M.  abduct,  digit,  min.  (N.  ulnaris.) 

ilm.  inteross.  dorsal.  1, 11,  III,  et  lY. 
(N.  ulnaris.) 

Fig.  418. 

Motor  points  of  the  radial  nerve  and  the  muscles  supplied  by  it ;  dorsal  surface. 

•  1.  In  paralysis,  FaracUc  currents  are  applied,  either  to  the  muscles  themselves  {Duchcnne), 
or  the  points  of  entrance  of  the  motor  nerves,  by  means  of  suitable  electrodes,  or  rheophores 
covered  with  sponge,  &c.,  and  moistened  {v.  Ziemssen). 

M.  deltoideus  (ant.  half)  N.  axillaris. 
N.  musculo-cutaneus. 
M.  biceps  brachii. 

M.  brach.  anticus. 


N.  medianus, 


M.  pronator  teres. 

M.  ilex,  digitor.  common,  profiiud. 

M.  flei._carpi  radialis. 

flex,  digitor.  Fublim. 
M.  flex,  dig  subl. 
(dig.  ind.  et  min.) 
M.  flex  poIL 
longus. 
^.  medi- 


M.  .abductor  pollio.  brev. 
M  opponens  pollicis. 
M.  flex.  poll.  brev. 

M.  abductor  pollic.  brev. 
Mm.  lumbricaled 
letU. 


K.  ulnaris. 


N.  ulnaris. 


M.  opponens  digit,  uiu. 
M.  flexor  digit,  min. 
M.  abductor  digit,  min. 
M.  pal  maris  brev. 


M.  flexor  carpi  ulnaris. 

Fig.  419. 

Motor  points  of  the  median  and  ulnar  nerves,  with  the  muscles  supplied  by  them. 
[Rheophores.— Many  different  forms  are  used,  according  to  the  orgau  or  part  to  be  stimu- 
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lated,  or  the  elleet  desired.  When  electricity  ia  applied  to  the  skin  to  remove  ana.'sthesia, 
hyperaisthesia,  or  altered  suiisil)ility,  and  we  desire  to  limit  the  eileet  to. the  skin  alone,  then 
the  rheophores  are  applied  dry,  !Ui(l  are  usually  made  oi'  metal.  If,  however,  deeper-seated 
structures,  as  muscles  or  nerve-triinks,  are  to  be  alleeted,  the  skin  must  be  well  moiBtened  and 
softened  by  spousing  with  warm  water,  while  the  rheophores  are  fitted  with  sponges  moistened 
with  common  salt  and  water,  which  diminishes  the  resistance  of  the  skin  to  the  i)assage  of 
electricity  (ligs.  415-417).]  .    .        ,  ,1. 

In  faradisiug  the  paralysed  muscle,  the  object  is  to  cause  artihcial  movements  m  it,  and  thus 
prevent  the  degeneration  which  it  would  otherwise  undergo,  merely  from  inaction.  If,_  in 
addition  to  the  motor  nerves;  its  trophic  nerves  are  also  paralysed,  then  a  muscle  atrophies, 


o 


,g  ■ 

m 
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N.  obturator. 
M.  pectineus. 

il.  adductor  magnus 
M.  adduct.  longus. 


o  1 


'     •  N.  peroneus. 

M.  tibial,  antic. 
M.  exten.  dig.  com.  long. 

M.  peroneus  longus. 
M.  peroneus  brevis. 
M.  extens.  hallucis  long. 


II.  extens.  digit,  comm 
brevis 


N.  ci-urulis. 


M,  tensor  fascia:  lata: 
(Nil.  glut,  sup.) 


M.  quadriceps  femorls 
(general  centre). 

JI.  rectus  femoris. 
M.  cruralis. 
M.  vastus  externus. 


a 

1 


M.  vastus  interaus. 

M.  gastrocnem.  extern.  \ 
M.  soleus. 

il.  flexor  hallucis  long. 
M.  abductor  digiti.  mln. 


i 


Mm.  interossei  dorsales.y 
Fig.  420.  ,  ^, 

Motor  points  of  the  peroneal  and  tibial  nerves  on  the  front  of  the  leg;  the  peroneal  on  the 
^  left,  the  tibial  on  the  right  (after  Eichhorst). 

notwithstanding  the  faradisation '  (§  325,  4).    The  use  of  the  induced  ^c^^^^^^^^^^  also  ^npr-^ 

paralysed  muscle,  as  it  increases  the  tlo^d'^t^^^'^  *^^^°"|^;*a7^^^^^  of  enfeebled 

of  the  muscle  reflexly.    In  addition,  weak  currents  may  restore  the  exciiaouivj 

"7h:  indicate  the  positions  of  the  motor  points  of  the  e-^es 

wh^eJe  Sf  stimulating  at' the  entrance  of  tlfe  muse  e  m  J^^^^^^^^^^ 

singly     In  §  349  the  motor  points  of  the  face,  and  m  §f7  those  ottlenecK^  .^^ 

The  constant  ciirrent  may  be  employed  as  a  stimuh  «  ^vhe^  L  eaSng  or  diminishing  its 
form  of  an  McrrHptcd  current  by  ^]'^''^S  'ts  j^vjc^^^^^^  ^j^^.^, 
intensity,  but  it  also  causes  a  polar  action.    On  closing  the  current,  tue  nerv 
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stimulated  ;  similarly,  on  opmmg  the  current,  at  the  anode  {§  336)  Tlnlb^  vhe  the  cunent 
is  closed,  the  excitability  of  the  nerve  is  increased  at  the  cathode  (§  335),  wh  ch  may  act 
favourably  upon  the  nerve.  Increased  excitability  in  electrotonus  at  the  anode,  although 
feebler  has  been  observed  during  percutaneous  fralvaiiisatiou  in  man.  This  is  especially  the 
case  bv  repeatedly  reversing  the  current,  sometimes  also  by  opening  and  closing,  or  even  with 
TuniFoircuiTent.  If  the  increase  of  the  excitability  is  obtained,  then  the  direction  of  the 
current  increases  the  excitability  on  closing  the  reverse  current,  and  on  opening  the  one  in  the 

Restorative  Effect. —Further,  in  using  the  constant  current,  we  have  to  consider  its  restor- 
ative effects,  especially  when  it  is  ascending.  R.  Heidenhain  found  that  feeble  and  latiguea 
muscles  recover  after  the  passage  of  a  constant  current  through  them. 


M.  gluteus  maximus 
(great  sciatic). 


M.  biceps  fem.  (cap.  long.) 
(grt.  sciat.). 


M.  biceps  fem.  (cap.  brev.) 
(grt.  sciat.). 


N.  peroneiis. 


N.  ischiadicus. 

M.a(lduct.magnus(n.obt.) 

M.  semitendinosua  (grt. 

sciat.).  V 
M.  semimembranosus  \ 
(grt.  sciat.). 


N.  tibialis. 


M.  gastrocnem.(cap.extr.). 
M.  gasti'ocnem.  (cap.  int.). 


  JI.  soleus. 


M.  flex.  dig.  comm.  long. 
M.  flexor-hallucis  longus. 

N.  tibialis.  ' 


CD 
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Fig.  421. 

Motor  points  of  the  sciatic  nerve  and  its  branches ;  the  peroneal  and  tibial  nerves. 

Lastly,  the  constant  current  may  be  useful  from  its  catalytic  or  cataphoric  action  (§  328). 
The  effect  is  directly  upon  the  tissue  elements.  It  may  also  act  directly  or  reflexly  upon  the 
blood-  and  lymph-vessels. 

Earadisation  in  Paralysis. — If  the  primary  cause  of  the  paralysis  is  in  the  muscles  themselves, 
then  the  induced  current  is  generally  applied  directly  to  the  muscles  themselves  by  means  of 
sponge  electrodes  (fig.  415)  ;  while,  if  the  motor  nerves  are  the  primary  seat,  then  the  electrodes 
are  applied  over  them.  The  current  used  must  be  only  of  very  moderate  strength  ;  strong 
tetanic  contractions  are  injurious,  and  so  is  too  prolonged  application  {Eitlenhurg). 

The  galvanic  current  may  also  be»applied  to  the  muscles  or  to  their  motor  nerves,  or  to  the 
centres  of  the  latter,  or  to  both  muscle  and  nerve  simultaneousl}'.  As  a  rule,  the  cathode  is 
placed  nearer  tlie  centre,  as  it  increases  the  excitability.  "When  the  electrode  is  moved  along 
the  course  of  the  nerve,  or  when  the  strength  of  the  current  is  varied,  the  action  is  favoured. 
If  the  seat  of  the  lesion  is  in  the  central  nervous  system,  then  the  electrodes  are  applied  along 
the  vertebral  column,  or  on  the  vertebral  column,  and  the  course  of  the  nerves  at  the  same 

2  o 
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time,  or  ou-o  on  thu  liuad  and  the  otlici'  oi)  a  itoiut  as  near  as  possible  to  the  supposed  seat  of 
the  lesion.    The  current  must  not  bo  too  strong  nor  applied  too  lon-^. 

Induced  v.  Oonstaiit  Current:  Reaction  of  Degeneration.— Paralysed  nerves  and  muscles 
behave  iiuite'dilt'erently  as  regards  the  induced  (rapidly  interrupted)  and  the  witsianl  current. 
This  is  called  thu  "reaction  of  degeneration."  We  must  remember  the  physiological  fact  that 
a  dviiui  uerve  attached  to  a  muscle  (§  325),  and  also  the  mu.scles  of  a  curarised  animal,  react 
■  much  loss  strongly  to  rapidly  interrupted  currents  than  fresh  nou-curansed  muscles.  Baierlacher, 
in  1S59  found  that,  in  a  case  of  facial  paralysis,  the  facial  muscles  contracted  but  leebly  to  the 
iniluced  current,  but  very  energotically  on  the  constant  current  being  used.  The  excitability 
for  the  constant  current  may  be  abnormally  increased,  but  may  disappear  on  recovery  takmg 
place  According  to  Neumann,  it  is  the  longer  duration  of  the  constant  current  as  opposed  to 
the  momentary  closing  and  opening  of  the  induced  current  which  makes  the  contraction  ot  the 
muscle  possible.  If  the  constant  current  be  broken  as  rapidly  as  the  Faradic  current  is  broken, 
then  the  constant  current  does  not  cause  contraction.  Conversely,  the  induced  current  may  be 
rendered  effective  by  causing  it  to  last  longer.  We  may  also  keep  the  primary  circuit  of  the 
induction  machine  closed,  and  move  the  secondary  spiral  to  and  fro  along  the  slots,  thus  we 
obtain  slow  gradations  o£  the  induced  current  which  act  energetically  upon  curarised  muscles 
(Briicl-c).  Hence,  in  stimulating  a  muscle  or  nerve,  we  have  to  consider  not  only  the  strengtn, 
but  also  the  duration,  of  the  current,  just  as  the  deflection  of  the  magnetic  needle  depends  upon 

these  two  factors.  ,.  .       „  ,      r.     u..  it. 

rGalvanic  excitability  Is  the  term  applied  to  the  condition  of  a  nerve  or  muscle,  wherebj  it 
responds  to  the  opening  or  closing  of  a  continuous  current.  The  effects  difler  according  as  the 
cuiTcnt  is  opened  or  closed,  and  according  to  its  strength.  As  a  rule  the  cathode  <;auses  a  con- 
traction chieay  at  closure,  the  anode  at  opening  the  current  while  the  cathode  ^  the  s  rongei 
stimulus.  With  a  ^ueaJc  current,  the  cathode  produces  a  simple  contraction  on  closing  the  current 
but  no  contraction  from  the  anode.  With  a  medium  cnn-ent,  we  get  with  the  cathode^a  strong 
closing  contraction  but  no  opening  contraction,  while  the  anode  excites  feeble  opening  and 
c  o  n"  cont  act  ons  With  Ltroncj  current,  we  get  with  the  cathode  a  tetanic  contraction  at 
closure,  and  a  perceptible  conti-action  at  opening,  while  with  the  anode  there  is  contraction  both 

^^Si'of  contftL  is  usually  expressed  by  the  following  formula  iEr,) 
Ca- cathode    C  =  contraction,  c  =  feeble   contraction,  C'  =  strong  contraction    S  =  closure  of 
Sir7ent  oi'opening  of  curreAt,  Te  =  tetanic  contraction-so  that,  expressing  the  above  state- 
ments  briefly,  we  have — 

Weak  currents  produce  Ca  S  C  ; 

Medium  ,,       Ca  S  C,  An  S  c.  An  0  c  ; 

Eng  Ca  S  Te'.  An  S  C,  An  0  C.  Ca  Oc] 

rTvpical  Reaction  of  Degeneration.— When  the  reaction  of  the  nerve  and  muscle 
to  electrical  stimulation  is  altered  both  qualitatively  and  quantitatively  we  have 
the  reaction  of  degeneration,  which  is  characterised  essentially  by  the  foUowing 
conditions]  :-The  excitability  of  the  muscles  is  diminished  or  abolished  for  the 
Faradic  current,  while  it  is  increased  for  the  galvanic  current  from  the  3rd  to  58th 
day  ;  it  again  diminishes,  however,  with  variations,  from  the  72nd  to  bOth  day  :  tne 
anode  closing  contraction  is  stronger  than  the  cathode  closing  contraction.    Ihe  con- 
tractions in  the  afiected  muscles  occur  slowly  in  a  peristaltic  manner,  and  are  local 
in  contrast  with  the  rapid  contraction  of  normal  muscle^  The  diminution  o  he 
excitability  of  the  ne^^es  is  similar  for  the  galvanic  and  Faradic  ^^J'^^';  J^J^^^ 
reaction  of  the  nerves  be  normal,  while  the  muscle  during  direct  stimulation  w  th 
the  constant  current  exhibits  the  reaction  of  degeneration,  we  speak  of    paxt  al 
reaction  of  degeneration,"  which  is  constantly  present  in  progressive  muscular 
atrophy  (Erb).  ■    ^  a 

[The  "reaction  of  degeneration"  may  occur  before  there  is  actual  P^^-^O'sis.  as  ^m^-J 
po  soninc     When  it  occurs  we  have  to  d'eal  with  some  affection  of  the  "erv^-fibr^  oi  of  the 
fropMc  nerve-cells.    When  it  is  established,  (1)  stimulation  of        "^aTic  stS^^^^ 
cralVanic  electricity  does  not  cause  conti-action  of  the  muscle  ;  (2)  direct  ^ araaic  stimuiauou 
?he  mTsclcs^  cause  contraction  ;  (3)  the  galvanic  ™t 
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of  the  nerve-cells  in  the  anterior  cornu  of  the  grey  matter  of  the  spinal  cord.]  In'  rare  jjases 
the  contraction  of  tlie  muscles,  caused  by  applying  a  Fc&adic  current  to  the  nerve,  follows  a 
slow  poristaltic-like  course — "  Faradic  reaction  of  degeneration"  {E.  llemak,  Erh). 

II.  In  Various  Forms  of  Spasm  (spasms,  contracture,  muscular  tremor)  tlie  constant  current 
is  most  effective  {llemak).  By  the  action  of  anelectrotouus,  a  imthological  increase  of  the 
excitability  is  subdued.  Hence,  the  anodo  ought  to  be  applied  to  the  part  with  increased 
excitability,  and  if  it  be  a  case  of  reflex  spasm,  to  the  points  wliich  are  the  origin  or  seat  of  the 
increased  excitability.  Weak  currents  of  uniform  intensity  are  inost  effective.  The  constant 
current  may  also  be  useful  from  its  cataphoric  action,  whereby  it  favours  the  removal  of  irritants 
from  the  seat  of  the  irritation.  Further,  the  constant  current  increases  the  vohmtary  control 
over  the  affected  muscles.  In  spasms  of  .central  origin,  the  constant  current  may  be  applied  to 
the  central  organ  itself.  Faradisation  is  used  in  spasmodic  affections  to  increase  the  vigour  of 
enfeebled  antagonistic  nnisoles.  Muscles  in  a  condition  of  contracture  are  said  to  become  more 
extensible  under  the  influence  of  the  Faradic  current  {llemak),  as  a  normal  muscle  is  more 
excitable  during  active  contraction' (§  30.1). 

In  Cutaneous  Anaesthesia,  .the  Faradic  cuii-ent  ajiplied  to  the  skin  by  means  of  hair-brush 
electrodes  is  frequently  used  (fig.  417).  When  using  the  constant  current,  the  cathode  must  be 
applied  to  the  parts  with  diminished  sensibility.  The  constant  current  alone  is  applied  to  the 
central  seat  of  the  lesion,  and  care  must  be  taken  to  what  extent  the  occurrence  of  cathelectro- 
touus  in  the  centre  affects  the  occurrence  of  sensation. 

III.  In  Hjrpersesthesia  and  Neuralgias,  Faradic  currents  are  applied  with  the  object  of 
over-stimulating  the  hyper-seusitive  parts,  and  thus  to  benumb  them.  Besides  these  powerful 
currents,  weak  currents  act  rejiexly  and  accelerate  the  blood-stream,  increase  the  heart's  action, 
and  constrict  the  blood-vessels,  while  strong  currents  cause  the  oijposite  effects  {0.  Naumann). 
Both  may  be  useful.  In  employing  the  constant  current  in  neuralgia  {Bcmak),  one  object  is 
by  exciting  anelectrotouus  in  the  hyper-sensitive  nerves,  to  cause  a  diminution  of  the  excita- 
bility. According  to  the  nature  of  the  case,  the  anode  is  placed  either  on  the  nerve-trunk,  or 
even  on  the  centre  itself,  and  the  cathode  on  an  indifferent  part  of  the  body.  The  catalytic  and 
cataphoric  effects  also  are  most  important,  for  by  means  of  them,  especially  in  recent  rheumatic 
neuralgias,  the  irritating  inflammatory  products  are  distributed  and  conducted  away  from  the 
part._  A  descending  cun-ent  is  transmitted  continuously  for  a  time  through  the  nerve-trunk, 
and  in  recent  cases  its  effects  are  sometimes  very  striking.  Lastly,  of  course,  the  constant 
current  may  be  used  as  a  cutaneous  stimulus,  while  the  Faradic  current  also  acts  reflexly  on  the 
cardiac  and  vascular  activity.  , 

.  Recently,  Charcot  and  Ballet  have  used  the  electric  spark  from  an  electrical  machine  in  cases 
of  ana;sthesia,  facial  paralysis,  and  paralysis  agitans.  In  some  cases  of  spinal  paralysis,  muscles 
can  be  made  to 'Contract  with  the  electric  spark,  which  do  not  contract  to  a  Faradic  current. 
[Electricity  is  sometimes  used  to  distinguish  real  from  feigned  disease,  or  to  distingiiish  death 
from  a  condition  of  trance.] 

Galvano-Cautery.— The  electrical  current  is  used  for  thermal  purposes,  as  in  the  galvano- 
cautery. 

Galvano-Puncture.  —The  electrolytic  properties  of  electrical  currents  are  employed  to  cause 
coagulation  in  aneurisms  or  varix.  [If  the  electrodes  from  a  constant  battery  in  action  be 
mserted  m  an  aneurismal  sac,  after  a  time  the  fibrin  of  the  blood  is  deposited  in  the  sac, 
whereby  the  cavity  of  the  aneurism  is  gradually  filled  up.  A  galvanic  current  passed  through 
defibrinated  blood  causes  the  formation  of  a  coagulum  of  proteid  matter  at  the  positive  pole  and 
bubbles  of  gas  at  the  negative.] 

340.  ELECTEICAL  CHARGING  OF  THE  BODY.-Saussure  investigated  by  means  of  the 
electroscope  the  ' '  charge  "  of  a  person  standing  on  an  insulated  stool.  The  phenomena  observed 
by  him,  which  were  always  inconstant,  were  due  to  the  friction  of  the  clothes  upon  the  skin 
txardini,  Hemmer,  Ahrens  (1817),  and  Nasse  regarded  the  body  as  normally  charged  with 
positive  electricit}^,  while  Sjosten  and  others  regarded  it  as  negatively  charged.  Most  probably 
aU  these  phenomena  are  due  to  friction,  and  are  modified  effects  of  the  air  in  contact  with  the 
heterogeneous  clothing  {Hankel).  A  strong  charge  resulting  in  an  actual  spark  has  frequently 
been  described.  Cardanus  (1553)  obtained  sparks  from  the  tips  of  the  hair  of  the  head 
According  to  Horsford  (1837),  long  .sparks  were  obtained  from  the  tips  of  the  fingers  of  a 
nervous  woman  in  Oxford  ^yhen  she  stood  upon  an  insulated  carpet.  Sparks  have  often  been 
'T  /"^  the  hair  or  stroking  the  back  of  a  cat  in  the  dark.  Freshly  voided  uri,ie 
thnS/iVposi'tfvT  ^°"«) ;  ^°  is  the  freshly  formed  web  of  a  spider,  while 

nh?n1me^n°^^^t^f?^r^^^?^,^^^^--^^"°*"^°^l  Fishes. -Some  of  the  most  interesting 
aLufTffv  «npn?'  amma  electricity  are  obtained  in  electrical  fishes,  of  which  there  ail 

of  t?p  nwn?r  « electrical  eel,  or  Gymnotus  electricus,  of  the  lagoons  of  the  region 
txS^^ml^\Z\  t  '^^^^^^  over  7  feet  in  length-the  Torpedo  marmorata 

S«Zr,,,  ,  ./X'"'''  30  to  70  centimetres  [1  to  2^  feet],  in  the  Adriatic  and  Mediterranean,  the 
Malapteruvus  electricus  of  the  Nile,  and  the  A[ormyrus  also  of  the  same  river.    By  means  of 
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special  electrical  organs  {IMi,  1666),  these  animals  can  in  part  voluntarily  (gymnotus  and 
nialapterurns),  and  in  part  reilexly  (torpedo  ,  give  a  very  powerhil  electncal  sl  ock  The 
Toi"a  1  consists  of  "compartments"  of  various  forms,  separated  from  each  other  by  con- 
nectivcSssiTe,  and  filled  with  a  jelly-like  substance,  which  the  nerves  enter  on  one  surface  and 
^Sxoy^o[\Z^  a  plexus.    F^m  this  plexus  there  proceed  branches  o  the  axial  cyhnder. 
3cnd  in  a  nucleated  plate,  the  "electrical  plate"  (£'.7Z/.r«-.,  i>f.  Schuhe).    When  the 
"  Str  cal  nerves    proceeding  to  the  organ  are  stimulated,  an  electrical  discharge  is  the  re  ult 
In  G^notns,  the  electrical  organ  consists  of  several  rows  of  co  umns  arranged  along  both 
side  Ke  spinal  column  of  the  animal,  under  the  skin  as  far  as  the  ail.    It  receives  on  the 
interior  surface  several  branches  from  the  intercostal  nerves.    Besides  this  large  organ  there  is 
rsmalTei  one  on  both  sides  above  the  anal  fins.    Here  the  p  ates  are  vertical,  and  the 

direction  of  ?hc  electrical  current  in  the  fish  is  ascending,  so  that  of  course  it  is  descending  lu 
tliH  tjiirroundinf  water  (Faradav,  du  Bois-Rcymond).  ,        ,        .         ,  „ 

To3  'S»t»TiSSt.S!T«:S^  a.  ski.  l.t.»ll,  o„  each  side  .t  tla.  h.ai, 
in  tlie  lorpeao,  xne  organ  ncs  imuic      J  ■       several  nerves  which  arise  from  the  lobus 

originaUy  forme^  Ike  m^^^^^^^^^^^  S  contain  a  substance  related  to  myosin  which  coagulates 
active  or  dead,  acid;  and  \f  ^^y-.^^^y foH„ne  •  thev  have  a  "latent  period" 
after  death  (§  2<d^-Wcyl)     The  orpns  mamfest^^^^^^^^ 

of  0-016  second,  while  one  shock  of  the  organ  (^^o^P^^^ff  ^"^^^  discharge,  which  lasts 
lasts  0-07  second.    About  twenty-five  ^^1^^^  [Marey). 

about  0-23  second.  The  discharge  li^e  tetanus  is  a  i^auction 
Mechanical,  chemical,  thermal         dectncd  ^^^^^^^  ^^J^^  ^^^^^^3^3 

shock  is  not  effective  ^';^/'^,f  *f  .^^^^^^^^^^^  toipedo,  while  they  do  pot 

the  muscles  of  the  animal  itself;  the  l^^er  contract  i^J^^      i     '  . 

do  so  in  the  gymnotus  and  '^^^^^Pt™  f^^^^^^  fttiguXand  req^^^^^^^  some^time  to 
give  about  fifty  shocks  per  minu  e  ;  it  then  JJ^J^^f  ^  Humboldt,  Sadi.).  Cooling 

recover  itself.    It  may  only  partially  discharge  its  ojgan  ^  becomes 

makes  the  organ  less  active,  while  heating  it  to  22  i^'X^tf  it  (Ss).  Stimulation  of  the 
tetanic  with%trychnin  {Becquerel),  while  cold^^^^^^^^     it,  while  section  of 

electrical  organ  of  the  torpedo  causes  a  discharge  ^^^^^^^^^^  ^^  ^^^^ 

the  electrical  nerves  paralyses  the  oigan     ^he  elecmcai  n  ^^^.^^  ^^^^ 

affected  by  very  strong  i^'i'^f  1°^,^^°°^,' .*:,^"''^ftle  electrical  organs  is  singly  refractive  ; 
s\vimming  {du  Bois-Reymmid).    The  substance  ot  tlie_  eiecuicai  uig  o^j^^_  _  t^ta^ns 


excised 


^i{du  Bois.Rcymwid)     The  substance  o  .ue  «...^..^^^"-8^^^^ 

(1772)  made  investigations  on  tlie  torpedo,  on  its  dischar^^^^  P                   ^.g^le,  and 

shock.    J.  Davy  magnetised  particles  °f        -  ^^^^'^^^ '^^^^^^^  and  Slatteucci  studied 

obtained  electrolysis  with  the  electrical  disja^^^^^  '  ^  ^^^^„3  „f  the  gym- 

the  direction  of  the  discharge.    Al.  ^  Humbo  dt  descubed  t^^^^  ^^^^  electricity 

notus  of  South  Amei-ica.  Hansen  (1743)  ^"'^^^e  S^uva^es  (17 ^  IV  ^ 
was  the  active  force  m  nerves     ^^^^/.'^t^^^^Jf                    ^vith  an  electrical  machine  cou- 

Aloisio  Galvani  (1791),  who  observed  ^^^^        .^fdSn^^^  He  believed  that  nerves 

tracted,  and  also  when  they  were  touched  with  t^ro^^^^^^  experiment  to  the 

and  muscles  generated  electricity,    ^^^f  ^"'^.^^  'lals  and  therefore  outside  the  tissues 

electrical  current  produced  by  t^^.^^.'^'^.^^^t  °^if^^,\";Se^  was  confirmed  by  Alex.  v. 

of  the  frog.  The  contraction  without  m^talb  desciibeu  dj  direction  of  the  current  upon  the 
Humbokft  (1798).    Kaff  (1793)  C  n  n°  ade  a  galvanicSnle  of 

contraction  of  a  frog's  leg  ^^tained  by  stimv_^lating  i^^^^^  construction  of  the  gaivano. 

S::^:^  .SrS^t^SrS^i^^Sm:?^  devised  byduBois-Keymond, 


meter  and  since 
from  1 843  onwards 
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342.  FUNCTIONAL  CLASSIFICATION  OF  NEEVE-FIBRES.— As  nerve- 
fibres,  on  being  stimulated,  are  capable  of  conducting  impulses  in  both  directions 
(§  338),  it  is  obvious  that  the  physiological  position  of  a  nerve-fibre  must  depend 
essentially  upon  its  relations  to  the  peripheral  end-organ  on  the  one  hand,  and  its 
central  connection  on  the  other.  Thus,  each  nerve  is  distributed  to  a  special  area 
within  which,  under  normal  circumstances,  in  the  intact  body,  it  performs  its 
functions.  This  function  of  the  individual  nerves,  determined  by  their  anatomical 
connections,  is  called  their  "specific  energy." 

I.  Centrifugal  or  EflPerent  Nerves. — (a)  Motor. — Those  nerve-fibres  whose 
peripheral  end-organ  consists  of  a  muscle,  the  central  ends  of  the  fibres  being 
connected  with  nerve-cells  : — 

1.  Motor  fibres  of  striped  muscle  (§§  292  to  320). 

2.  Motor  nerves  of  the  heart  (§  57). 

3.  Motor  nerves  of  smooth  mtiscle,  e.g.,  the  intestine  (§  171).  The  vaso-motor  nerves  are 
specially  treated  of  in  §  371. 

(b)  Secretory. — Those  nerve-fibres  whose  peripheral  end-organ  consists  of  a 
secretory  cell,  the  central  ends  of  the  fibres  being  connected  with  nerve-cells. 

Examples  of  secretory  nerves  are  the  secretory  nerves  for  saliva  (§  145)  and  those  for  sweating 
(§  289,  II.).  It  is  to  be  remembered,  however,  that  these  fibres  not  unfrequently  lie  in  the 
same  sheath  with  other  nerve-fibres,  so  that  stimulation  of  a  nerve  may  give  rise  to  several 
results,  according  to  the  kind  of  nerve-fibres  present  in  the  nerve.  Thus,  the  secretory  and 
vaso-motor  nerves  of  glands  may  be  excited  simultaneouslj'. 

(c)  Trophic. — The  end-organs  of  these  nerve-fibres  lie  in  the  tissues  themselves, 
and  are  as  yet  unknown.  These  nerves  are  called  trophic,  because  they  are 
supposed  to  govern  or  control  the  normal  metabolism  of  the  tissues. 

In  some  tissues,  we  know  of  a  direct  connection  of  their  elements  with  nerve-fibres,  whicli 
may  influence  their  nutrition.  Nerves  are  connected  with  the  corneal  corpuscles  (§  201,  7), 
with  the  pigment-cells  of  the  frog's  skin  {Ehi-mann),  the  connective-tissue  corpuscles  of  the 
serous  membrane  of  the  stomach  of  the  frog,  and  the  cells  around  the  stomata  of  lymphatic 
surfaces  _(§  196,  5)  {E.  F.  Hoffmann). 

Trophic  Influence  of  Nerves.— The  trophic  functions  of  certain  nerves  are  referred  to  as 
xmder :— On  the  influence  of  the  trigeminus  on  the  eye,  the  mucous  membrane  of  the  mouth 
and  nose,  the  face  (§  3i7) ;  the  influence  of  the  vagus  on  the  lungs  (§  352) ;  motor  nerves  on 
muscle  (§  307) ;  nerve-centres  on  nerve-fibres  (§  325,  4) ;  certain  central  organs  uiion  certain 
viBcera  (§  379).  o  i 

Section  of  certain  nerves  influences  the  growth  of  the  bones.  H.  Nasse  found  that,  after 
section  of  then'  nerves,  the  bones  showed  au  absolute  diminution  of  all  their  individual  con- 
stituents, while  there  was  an  increase  of  the  fat.  Section  of  the  spermatic  nerve  is  followed  by 
degeneration  of  the  testicle  {Nilaton,  Oholensky).  After  extirpation  of  their  secretory  nerves, 
there  is  degeneration  of  the  sub-maxiUary  glands  (p.  213).  Section  of  the  nerves  of  the  cock's- 
comb  interleres  with  the  nutrition  of  that  organ  {Leqros,  Schiff).  After  section  of  the  2nd 
cervical  nerve  m  rabbits  and  cats,  the  hair  falls  off'  the  ear  on  that  side  {Joseph).    Section  of  the 
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the  pressure  from  the  ililiitcd  blood-vessels  {Brown- Siqitard). 

Blood-Vessels. — Lewaschew  louml  that  ]irolonf,'cd  uninterrupted  stimulation  of  the  sciatic 
nerve  of  dogs,  by  means  of  chemical  stimuli  [threiuls  dipped  in  sulphuric  acid],  caused  hyper- 
trophy of  the  lower  limb  and  foot,  together  with  the  formation  of  aneurismal  dilatations  upon 
the  blood-vessels. 

Skin  and  Oiitaneoiis  Appendages.— In  man,  stimulation  or  paralysis  of  nerves,  or  degeneration 
of  the  grey  matter  of  the  spinal  cord,  is  not  unfrequently  followed  by  changes  in  the  pigmenta- 
tion of  the  skin,  in  the  nails,  in  the  hair  and  its  mode  of  growth  and  colour  (Jarisch).  [Injury 
to  the  brain,  as  by  a  fall,  sometimes  results  in  paralysis  of  the  hair  follicles,  so  that,  after  such 
an  injury,  the  hair  is  lost  over  nearly  the  whole  of  the  body.]  Sometimes  there  may  be  erup- 
tions'upon  the  skin,  apparently  traumatic  in  their  origin  {v.  Bdroisprung).  Sometimes  there  is 
a  tendency  to  decubitus  (§  379),  and  in  some  rare  cases  of  tabes,  there  is  a  peculiar  degeneration 
of  the  joints  (Charcot's  disease).  The  changes  which  take  place  in  a  nerve  separated  from  its 
centre  are  described  in  §  325. 

[Trophoneuroses.— Some  of  the  chief  data  on  which  the  existence  of  trophic  nerves  is  assumed 
are  indicated  above.    There  are  many  pathological  conditions  referable  to  diseases  or  injuries  of 

nerves.]  ,    ,    ^     .     ,      ,     v      <•  4.1, 

[Muscles.— As  is  well  known,  paralysis  of  a  motor  nerve  leads  to  simple  atrophy  ot  the 
corresponding  muscle,  provided  it  be  not  exercised  ;  but  when  the  motor  ganglionic  cells  of  the 
anterior  horn  of  grey  matter,  or  the  corresponding  cells  in  the  crus,  pons,  and  medulla,  are 
paralysed,  there  is  an  active  condition  of  atrophy  with  proliferation  of  the  muscular  nuclei. 
Progressive  muscular  atrophy,  or  wasting  palsy,  is  another  trophic  change  in  muscle,  whereby 
either  individual  muscles,  or  groups  of  muscles,  are  one  after  the  other  paralysed  and  become 
ati-ophied  In  pseudo-hypertrophic  paralysis,  there  is  cirrhosis  or  increased  development  ol 
the  connective-tissue,  with  a  diminution  of  the  true  muscular  elements,  so  that  although  the 
muscles  increase  in  bulk  their  power  is  diminished.]  .      ,    ,  r  1 

Cutaneous  Trophic  Affections.— Amongst  these  may  be  mentioned  the  occurrence  ot  red 
patches  or  erythema,  urticaria  or  nettle-rash,  some  forms  of  lichen,  eczema,  the  bulla;  or  blebs 
of  pemphigus,  and  some  forms  of  ichthyosis,  each  of  which  may  occur  in  limited  areas  after 
iniury  to  a  nerve  or  its  spinal  or  cerebral  centre.  The  relation  between  the  cutaneous  eruption 
and  the  distribution  of  a  nerve  is  sometimes  very  marked  in  herpes  zoster,  which  frequently 
follows  the  distribution  of  the  intercostal  and  supraorbital  nerves.  Glossy  skm  {Paget,  Weir 
Mitchell)  is  a  condition  depending  upon  impaired  nutrition  and  circulation,  and  due  to  injunes 
of  nerves.  The  skin  is  smooth  and  glossy  in  the  area  of  distribution  of  certain  nei-ves  while 
the  wrinkles  and  folds  have  disappeared.  In  myxcedema,  the  subcutaneous  tissue  and  other 
organs  are  infiltrated  with,  while  the  blood  contains,  mwdn.  The  subcutaneous  tissue  is 
sw^ollen,  and  the  patient  looks  as  if  suffering  from  renal  dropsy.  There  is  marked  alteration 
of  the  cerebral  faculties,  and  a  condition  resembling  a  "cretinoid  state  occurs  after  the 
excision  of  the  thyroid  gland.  Victor  Horsley  has  shown  that  a  similar  condition  occurs  in 
monkeys  after  excision  of  the  thyroid  gland  (§  103,  III.).  [Laycock  descnbed  a  condition  of 
nervoii  cedema  which  occurs  in  some  cases  of  hemiplegia,  and  apparently  it  is  independent  ot 

mere  are 'altStion^^^  the  colour  of  the  skin  depending  on  nervous  afiections,  iDcluding 
localised  leucoderma,  where  circumscribed  patches  of  the  skin  are  devoid  of  pigment  The 
pigmentation  of  the  skin  in  Addison's  disease  or  bronzed  skin,  which  occurs  in  some  cases  of 
disease  of  the  supral-enal  capsules,  may  be  partly  nervous  in  its  origin,  ^^^/^^ 
consider  the  remarkable  pigmentation  that  occurs  around  the  nipple  and  some  other  parts  of 
the  bodv  during  pregnancy,  and  in  some  uterine  and  ovarian  afiections. 

n  aShetfc  Wrosy,  tile  anxsthcsia  is  due  to  the  disease  of  the  nervous  ^^ic  7,  v^^^^^^ 
results  in  disturbance  of  motion  and  nutrition.  Amongst  other  'f^^^J^f  ^VLS,  and 
skin,  perhaps  due  to  trophic  conditions,  are  those  of  symmetrical  and  local  gangrene,  and 

acute  decubitus  or  bed-sores.]  ,    ,  ,  „  ,  „,,»„;r.^T 

[Bed-sores. -Besides  the  simple  chronic  form,  which  results  from  over-pressure  bad  nursin| 
and  inattention  to  cleanliness,  combined  with  some  defect  of  the  f 
another  form,  acute  decubitus,  which  is  due  directly  to  nerve  influence  {Chwcot,).    Ihe  latter 
usSlly  api'ea rs  within  a  few  hours  or  days  of  the  cerebral  or  spinal  lesion,  and  the  ^vhole  cycle 
of  chaLJS  om  the  appearance  of  the  erythematous  dusky  patch  to  inflammation,  ulceration 
a  id  san-rene  of  the  buttock-is  completed  in  a  few  days.    An  acute  bed-sore  may  form 
w^en^evfiT  attention  is  paid  to  the  avoidance  of  pressure  and  other  unfavourable  coml^tions^ 
WhenTt  d^ep  nds  on  cerebral  nfiections,  it  begins  and  develops  rapidly  in  tl^^^^Vlt  fonS 
.duteal  reS  on  the  paralysed  side,  but  when  it  is  due  to  disease  of  he  spina  co  1,  t  fonns 
more  in  the  middle  line  in  the  sacral  region;  while  in  unilateral  spina  If 'O"^/}  "^^^^.f 
tTe  paralysed,  but  on  the  anaesthetic  side,^  a  fact  which  seems  to  show  that  the  trophic,  like  the 
sensory  fibres,  decussate  in  the  cord  {Ross)  ] 
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rTheve  are  other  forms  due  to  nervous  disease,  including  symmetrical  gangrene  and  local 
-  •    '    ivts  of  the  body,  such  as  toes,  nose,  and  external  ear,  caused  iiBrhan« 

jrioles  (Raynaxid's  disease) ;  and  the  still  more  curious 
perforating  ulcer  of  the  foot.    Ha;morrhage  of  nervous  origin  sometimes  occurs  iu  the  skin, 


and  hsematoma 


by  spasm  of  the  small  arterioles  (Raynaud's  disease) ;  and  tl 
perforating  ulcer  of  the  foot.    Ha;morrhage  of  nervous  orig  _ 
including'  those  that  occur  in  locomotor  ataxia  niter  severe  attacks  ot_  pain, 
aurirun,°or  the  insane  ear,  which  is  specially  common  in  general  paralytics.] 

(d)  [Inhibitory  nerves  are  those  nerves  which  modify,  inhibit,  or  suppress  a 
motor  or  secretory  act  already  in  progress.] 

Take  as  an  example  the  eflect  of  the  vagus  upon  the  action  of  the  heart.  Stimulation  of  the 
iieripheral  end  of  the  vagus  causes  the  heart  to  stand  still  in  diastole  (§85);  see  also  the 
effect  of  the  splanchnic  upon  the  intestinal  movements  (§  161).  The  vaso-dilator  nerves,  or  those 
whose  stimulation.is  followed  by  dilatation  of  the  blood-vessels  of  the  area  which  they  supply, 

are  referred  to  especially  in  §  237.  ■,      ^     ^    ^.       «  •  ,  -vx 

[There  is  the  cfreatest  uncertainty  as  to  the  nature  and  mode  of  action  of  inhibitory  nerves, 
but  take  as  a  type  the  vagus,  which  depresses  the  function  of  the  heart,  as  shown  by  the  slower 
rhythm,  lUminution  of  the  contractions,  relaxation  of  the  muscular  tissue,  lowering  of  the 
excitability  and  conduction.  These  phenomena  are  not  clue  to  exhaustion.  Gaskell  points  out 
tiiat  the  "action  is  beneficial  in  its  after  effects,  so  that  this  nerve,  although  it  causes 
diminished  acitivity,  is  followed  by  repair;  of  function  ;  hence,  he  groups  it  as  anabolic  nerve, 
the  outward  symptoms  of  cessation  of  function  indicating  that  constructive  chemical  changes 
are  going  on  in  the  tissue.] 

(e)  Thermic  and  electrical  nerves  have  also  been  surmised  to  exist, 

[Gaskell  classifies  the  efferent  nerves  differently.  Besides  motor  nerves  to  striped  muscle, 
he  groups  them  as  follows  : — 

1.  Nei-ves  to  vascular  muscles. 

(«)  Vaso-motor,  i.e.,  vaso-constrictor,  accelerators  and  augmentors  of  the  heart. 
(6)  Vaso-inhibitory,  i.  e. ,  vaso-dilators  and  inhibitors  of  the  heart. 

2.  Nerves  of  the  visceral  muscles. 

(a)  Visccro-motor. 
{b)  Viscero-inliibitory. 

3.  Glandular  nerves.] 

[Other  terms  are  applied  to  nerves  with  reference  to  the  chemical  changes 
they  excite  in  a  tissue  in  which  they  terminate.  The  ordinary  metabolism  is  the 
resultant  of  two  processes — one  constructive,  the  other  destructive,  or  of  assimila- 
tion and  dissimilation  respectively.  The  fSrffter  jjrocess  is  anabolism,  the  latter 
katabolisra.  A  motor  nerve  excites  chemical  destructive  changes  in  a  muscle,  and 
is  so  far  the  katabolic  nerve  of  that  tissue;  in  the  same  way  the  sympathetic  to 
the  heart,  by  causing  more  rapid  contraction,  is  also  a  katabolic  nerve,  while  the 
vagus,  as  it  arrests  the  heart's  action,  and  brings  about  a  constructive  metabolism 
of  the  cardiac  tissue,  is  an  anabolic  nerve  {Gaskell).'] 

II.  Centripetal  or  Afferent  Nerves. — (a)  Sensory  Nerves  (sensory  in  the 
narrower  sense),  which  by  means  of  special  end-organs 
conduct  sensory  impulses  to  the  central  nervous  system. 

(b)  Nerves  of  Special  Sense. 

(c)  Reflex  or  Excito-motor  Nerves. — When  the 
periphery  of  one  of  these  nerves  is  stimulated,  an  im- 
pulse is  set  up  which  is  conducted  by  them  to  a  nerve- 
centre,  from  whence  it  is  transferred  to  a  centrifugal  or 
efferent  fibre,  and  the  mechanism  (I,  a,  b,  c,  d)  in  con- 
nection with  the  peripheral  end  of  this  efferent  fibre  is 
set  in  action  ;  thus,  there  are — Reflex  motor,  Reflex 
secretory,  and  Reflex  inhibitory  fibres.  [Fig.  422 
shows  the  simplest  mechanism  necessary  for  a  reflex  Scheme  of  a  reflex  motor  act.  S, 

motor  act.   The  impulse  starts  'from  the  skin,  S,  travels    '^'^  '       ^^f^"*  "^7^5  ^' 

.1  ^  i.    .1  X  11  -KT      nerve -cell :  of,  efferent  fibre, 

up  the  nerve,  a/,  to  the  nerve-centre  or  nerve-cell,  N, 

situate  in  the  spinal  cord,  wh*e  it  is  modified  and  transferred  to  the  outgoing  fibre, 
ef,  and  conveyed  by  it  to  the  muscle,  M.] 

III.  Intercentral  Nerve?. — These  fibres  serve  to  connect  ganglionic  centres 
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with  each  other,  as,  for  example,  in  co-ordinated  movements,  and  in  extensive  reflex 
acts. 

THE   CRANIAL  NERVES. 

343   I.  NERVUS  OLFACTORITJS.— Anatomical.— The  three-sided  prismatic  tractuB  olfac- 
toriiiB  lyiii"  in  a  gi'oove  on  the  under  surfaco  of  the  frontal  lolje,  arises  by  means  of  an  inner, 
outer  'and  middle  root,  from  the  tubor  olfactorium  (fig.  428,  1).    The  tractus  swells  out  upon 
the  cribriform  plate  of  the  ethmoid  bone,  and  liecomes  the  bulbuB  olfactoriuB,  which  is  the 
analogue  of  the  special  portion  of  the  brain,  existing  in  different  mammals  with  a  well-developed 
sense  of  smell  {Gratiolct).    From  twelve  to  fifteen  olfactory  filaments  pass  through  the  foramina 
in  the  cribriform  plate  of  the  ethmoid  bone.    At  first  they  lie  between  the  periosteum  and  the 
mucous  membrane,  but  in  the  lower  third  of  their  course  they  enter  the  mucous  membrane  of 
the  regio  olfaotoria.    The  bulb  consists  of  white  matter  below,  and  above  of  grey  matter  mixed 
with  small  spindle-shaped  ganglionic  cells.    Henle  describes  six,  and  Meynert  eight  layers,  of 
nervous  matter  seen  on  transverse  section.    [The  centre  for  smell  lies  in  the  tip  ot  the  uncmatfi 
gyrus  on  the  inner  surface  of  the  cerebral  hemisphere  {Forrier).]    According  to  Gudden,  removal 
of  the  olfactory  bulb  is  followed  by  atrophy  of  the  gyrus  unciuatus  on  the  same  side.  Accord- 
inf  to  Hill,  the  three  roots  of  the  olfactory  bulb  stream  backwards,  the  inner  one  is  small,  the 
mfddle  one  is  a  thick  bundle,  which  grooves  the  head  of  the  caudate  nucleus,  curves  inwards 
to  the  anterior  commissure,  and  crosses  vid  this  commissure  where  it  decussates,  and  passes  to 
the  extremity  of  the  temporo-sphenoidal  lobe.     The  outer  roots  pass  transversely  into  the 
nyriform  lobe,  thence  vid  the  fornix,  corpora  albicantia,  the  bundle  of  Vicq  d  Azyr  into  the 
anterior  end  of  the  optic  thalamus.    Hill  also  points  out  that  the  elements  contained  in  the 
olfactory  bulb  are  identical  with  those  contained  in  the  four  outer  layers  of  the  retina.  Flechsig 
traces  its  origin  (1)  to  the  gyrus  fornicatus,  (2)  through  the  lamia  perforata  anterior  to  the 
internal  capsSle  (sensory  part),  and  to  the  gyrus  uncmatus  (sensory  area  of  the  cerebrum)  (§  378, 
IV  )     Probably  the  fibres  at  their  origin  cross  to  the  cerebrum .    There  is  a  connection  between 
the  olfactory  bulbs  in  the  anterior  commissure.    [Each  nerve  is  related  to  both  hemispheres.] 

Function  —It  is  the  only  nerve  of  smell.  Physiologically,  it  is  excited  only  by 
gaseous  odorous  hodies-{Sense  of  Smell,  §  420).  Stimulation  of  the  nerve,  by  any 
other  form  of  stimulus,  in  any  part  of  its  course,  causes  a  sensation  of  smell,  [it 
also  conveys  those  impressions  which  we  call  flavours,  but  in  this  case  the  sensation 
is  combined  with  impressions  from  the  organs  of  taste.  In  this  case  also  the  stimulus 
reaches  the  nerve  by  the  posterior  nares.]  Congenital  absence  or  section  of  both 
olfactory  nerves  abolishes  the  sense  of  smell  (easily  performed  on  young  animals— 

iPathologicaL-The  term  hyperosmia  is  applied  to  cases  where  the  sense  of  smell  is 
excessively  and  abnormally  acute,  as  in  some  hysterical  persons  and  in  cases  where  there  is  a 
Sv  subiective  sense  of  smell,  as  in  some  insane  persons.  The  latter  is  perhaps  due  to  an 
Eima  stimulation  of  the  cortical  centre  (§  378,  IV.).  Hyposnua  and  anosmia  {i.e., 
dSSon  and  abolition  of  the  sense  of  smell)  maybe  due  to  mechamcal  causes,  01  _to  over- 
stimulation. Strychnin  sometimes  increases,  while  morphia  dimimshes,  the  sense  of  smell. 
[Method  of  Testing,  §  421.] 

riA/L  II  NERVUS  OPTICUS.— Anatomical.— The  tractus  opticus  (fig.  428,  II)  arises  from 
thfrnTerior"  corpora  quadrigemina,  the  corpus  geniculatum  externum,  and  the  thalamus  opticus 
(fie  4^)  as  well  as  from  the  grey  matter  which  lines  the  third  ventricle  iTarticfcri)  A 
Sad  biJ^dTe  of  fibres  passes  from^the  origin  of  the  optic.  ^^^%^^l^°^^^:^^f2 
at  the  apex  of  the  occipital  lobe  on  the  same  side  ( Werniclcc-%  379,  IV.).    Hbres  pass  trom 

*ir^Hc  "raW^^^^^^^^^^  pedunculus  cereb,,,  .yhe«  i.  unites  jvi.M.s  Mbw  of  tte 
opposite  side  to  form  the  chiasm:.,  and  troin  the  opposite  side  ot  this  the  two  optic  nerves 

'T&nneotion.  ot  Optic  Tract. -There  is  very  coiisiderable  difflenlty  "''•'""S^^^^^^^ 
origin  ot  all  the  fibre,  of  the  optic  tract.    Althoush  as  „f  ™'f  J'^^^^^^^^ 
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passes  into  the  optic  iievve  of  the  opposite  side.  The  lenticular-nucleus-loop  is  formed  below  the 
lenticular  nucleus  by  the  junction  of  the  striaj  medullares  ;  the  striae  medullares  form  part  ot  the 
fibres  of  the  internal  capsule,  and  the  inner  capsule  is  largely  composed  of  fibres  descending 
from  the  cortex.  Hamilton  also  asserts  that  other  cortical  connections  join  the  tract  as  it  winds 
round  the  pediiiiculus  cerebri,  and  they  include  (a)  a  largo  mass  of  fibres  coming  from  the  motor 
areas  of  the  opposite  cerebral  hemisphere,  crossing  in  the  corpus  callosum,  enteiiug  the  outer 
capsule,  and  joining  the  tract  directly  ;  (b)  fibres  uniting  it  to  the  temporo-sphenoidal  lobe  of 
the  same  side,  especially  the  first  and  second  temporo-sphenoidal  convolutions ;  (e)  fibres  to  the 
gyrus  hippocampi  of  the  same  side  ;  {d)  a  large  leash  of  fibres  forming  the  "optic  radiation 
of  Gratiolet,  which  connect  it  directly  with  the  tip  of  the  occipital  lobe.  There  are  probably 
also  indirect  connections  with  the  occipital  region  through  some  of  the  basal  ganglia.  Although 
some  observers  do  not  admit  the  connections  with  the  frontal  and  sphenoidal  lobes,  all  are 
agreed  as  to  its  connection  with  tlie  occipital  by  means  of  the  "  optic  radiation."] 

[The  optic  radiation  of  Gratiolet  is  a  wide  strand  of  fibres  expanding  and  terminating  in  the 
occipital  lobes.  It  is  composed  of,  or,  stated  otherwise,  gives  branches  to  (a)  the  o])tic  tract 
directly,  (i)  the  corpus  geniculatum  internum  and  externum,  (c)  to  the  pulvinar  and  substance 
of  the  thalamus,  {d)  a  direct  sensitive  band  (Meynert's  "  Sensitive  band  ")  to  the  posterior  third 
of  the  posterior  limb  of  the  inner  capsule,  (c)  fibres  which  run  between  the  island  of  Reil  and 
the  tip  of  the  occipital  lobe  (D.  /.  Hamilton).  ] 

Chiasma. — The  extent  of  the  decussation  of  the  optic  fibres  in  the  chiasma  is 
subject  to  variations.  As  a  rule,  rather  more  than  half  of  the  fibres  of  one  tract 
cross  to  the  optic  nerve  of  the  opposite  side  (fig.  423),  so  that  the  left  optic  tract 


Fig.  423.  Fig.  424. 

Fig.  423. — Scheme  of  the  semi-decussation  of  the  optic  nerves.  L.A.,  left  eye;  R.A.,  right 
eye.  Fig.  424. — Diagram  of  the  relation  of  the  field  of  vision,  retina,  and  optic  tracts. 
EF,  LF,  right  and  left  fields  of  vision — the  asterisk  is  at  the  fixing  point ;  RR,  LR, 
right  and  left  retina — the  asterisk  is  at  the  macula  lutea ;  l.h.,  r.li.,  left  half  and  right  half  of 
each  retina,  receiving  rays  from  the  opposite  half  of  the  field  ;  RN",  LN",  right  and  left 
optic  nerves  ;  Ch,  chiasma  ;  RT,  LT,  right  and  left  optic  tracts ;  below,  the  halves  of  the 
fields  from  which  impressions  pass  by  each  optic  tract  are  superimposed  {Goivers). 

sends  fibres  to  the  left  half  of  both  eyes,  while  the  right  tract  supplies  the  right 
half  of  both  eyes  (§  378,  IV.).  [Thus,  the  corresponding  regions  of  each  retina  are 
brought  into  relation  with  one  hemisphere.  The  fibres  which  cross  are  from  the 
nasal  half  of  each  retina  (fig.  424).] 

Hence,  in  man,  destruction  of  one  optic  tract  (and  its  central  continuation  in  the  occipital 
lobe  of  the  cerebrum)  produces  "  equilateral  or  homonymous  hemianopia."  In  the  cat  there 
is  a  semi-decussation  ;  hence,  in  this  animal  extirpation  of  one  eyeball  causes  atrophy  and 
degeneration  of  half  of  the  nerve-fibres  in  both  optic  ti'acts  {Gtulden).  Baumgarten  and  Mohr 
have  observed  a  similar  result  in  man.  A  sagittal  section  of  the  chiasma  in  the  cat  produces 
partial  blindness  of  both  eyes  (Nicati).  According  to  Gudden,  the  filDres  which  decussate  are 
more  numerous  than  those  which  do  not,  although  J.  Stilling  maintains  that  they  are  only 
slightly  more  numerous.  According  to  J.  Stilling,  the  decussating  fibres  lie  in  the  central  axis 
of  the  nerve,  while  those  which  do  not  decussate  form  a  layer  around  the  former. 
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Other  observers  mnintain  that  there  is  complete  docnssntion  of  all  the  fibres  in  the  chiasms. 
Hence,  section  of  one  oiMc  nm-vc  causes  dilatation  of  the  pujiil  and  blindness  on  the  same  side, 
while  section  of  one  optic  tract  causes  dilatation  of  the  pupil  and  blindness  of  the  opposite  eye 
{Knoll).  In  osseous  lishes,  both  optic  nerves  are  isolated  and  merely  cross  over  each  other,  wliile 
in  the  cyclostoniata  they  do  not  cross  at  all.  [Total  decussation  occurs  in  those  animals  where 
the  eyes  do  not  act  together.] 

Injury  of  the  external  <jeniculate  body  and  section  of  the  anterior  brachium  have  the  same 
effect  as  section  of  the  optic  tract  of  the  same  side  {§  359 — Bechtarew), 

In  very  rare  cases  the  decussation  is  absent  in  man,  so  that  the  right  tract  passes  directly  into 
the  right  eyeball,  and  the  left  into  the  loft  eyeball  {Fesalius,  Caldani),  the  sight  not  being 
interfered  with. 

It  is  quite  certain  that  the  individual  fibres  do  not  divide  in  the  chiasma.  Two  commissures, 
the  inferior  commissure  {Guddcn)  and  Meynert's  commissure,  unite  both  optic  tracts  further 

back.  ,     „  , 

A  special  commissure  (C.  inferior)  extends  in  a  curved  form  across  the  posterior  angle  of  the 
chiasma  (Gudden).  It  does  not  degenerate  after  enucleation  of  the  eyeballs,  so  that  it  is 
regarded  as  an  intercentral  connection.  After  excision  of  an  eye,  there  is  central  degeneration 
of  the  fibres  of  the  optic  nerve  entering  the  eyeball  {Guddcn),  and  in  man  about  the  half  of  the 
fibres  in  the  corresponding  optic  tract  {Baumgarten,  Mohr).  After  section  of  both  optic  nerves, 
or  enucleation  of  both  eyeballs,  there  is  a  degeneration,  proceeding  centrally,  of  the  whole  optic 

tract.  The  degeneration  extends  to  the  origins  in 
the  corpora  quadrigemina,  corpora  geniculata,  and 
pulvinar,  but  not  into  the  conducting  paths  lead- 
ing to  the  cortical  visual  centre  {v.  Monakovj)  (§ 
378,  IV.  L). 

[Hemianopia  and  Hemianopsia. — When  one 
optic  ti-act  is  interfered  with  or  divided,  there  is 
interference  with  or  loss  of  sight  in  the  lateral 
halves  of  both  retinre,  the  blind  part  being 
separated  from  the  other  half  of  the  field  of  vision 
by  a  vertical  line.     When  it  is  spoken  of  as 
paralysis  of  one-half  of  the  retina,  the  term 
hemiopia,  or  preferably  hemianopia,  is  applied 
to  it ;  when  with  reference  to  the  field  of  vision, 
the  term  hemianopsia  is  used  (see  Et/c).  Suppose 
the  left  optic  tract  to  be  divided  or  pressed  upon 
by  a  tumour  at  K  (fig.  425),  then  the  outer  half 
of  the  left  and  the  inner  half  of  the  right  eye  are 
blind,  causing  ri(/7ii  lateral  hemiampsia,  i.e.,  the 
two  halves  are  affected  which  correspond  in  ordi- 
nary vision,  so  that  the  condition  is  spoken_  of 
homonymous  hemianopsia.     Suppose  the  lesion 
to  be  at  T  (fig.  425),  then  there  is  paralysis  of  the 
inner  halves  of  hoth  eyes,  causing  double  temporal 
hemianopsia.   When  there  are  two  lesions  at  NN, 
which  is  very  rare,  the  outer  halves  of  both  retinse 
are  paralysed,  so  that  there  is  double  nasal  hemi- 
anopsia.    In  order  to  explain  some  of  the  eye 
symptoms  that  occasionally  occur  in  cerebral 
disease,  Charcot  has  supposed  that  some  of  the 
fibres  which  pass  from  the  external  geniculate 
body  to  the  visual  centres  in  the  occipital  lobe 

ducing  right  lateral  hemianopsia ;      lesion  ^'slll'l^^ 

in  the  left  hemisphere  producing  crossed  ^^^(^^^J^^  ,OTnora  quadriaemina.  On  this  ^ew, 
amblyopia  (right  eye)  ;T,  lesion  producmgTQ,m^^^^^^  ^^^^^ 

temporal  hemianopsia;  NN,  lesion  pro-  ,/timSy  pass  to  the  cortex  of  the  occi- 

ducmg  nasal  hemianopsia.  ^^^^  opposite  hemisphere.  This 

view  however,  by  no  means  explains  all  the  facts,  for  in  cases  of  homonymous  ^^J^'^'^^W^ 
I^Boint  of  central  vision  on  both  sides,  i.e.,  both  macute  luteD?_  are  always  unaffected  so  that 
?Sumed  that  each  macula  lutea  is  connected  with  both  hemispheres.    The  s^^o^d  cr°^  "f 
fueKested  by  Charcot  probably  does  not  occur.    Affections  of  the  op  ic  nerve 

tracts,  and  the  cerebral  optic  centre. 


Fig.  425. 

Diagram  of  the  decussation  of  the  optic  tracts. 
T,  semi-decussation  in  the  chiasma  ;  TQ, 
decussation  of  fibres  behind  the  ext.  geni- 
culate bodies  (CG);  a'b,  fibres  which  do  not  anopsia. 
decussate  in  the  chiasma  ;  b'  a',  fibres  pro- 
ceeding from  the  right  eye,  and  coming 
toffether  in  the  left  hemisphere  (LOG)  ; 
LOG,  K,  lesion  of  the  left  optic  tract  pro- 
ducing right  lateral  hemianopsia, ;  A,  lesion 
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Function.— The  optic  nerve  is  the  nerve  of  sight ;  physiologically,  it  is  excited 
only  by  the  transference  of  the  vibrations  of  the  ether  to  the  rods  and  cones  of  the 
retina  (§  383)  Every  other  form  of  stimulus,  when  applied  to  the  nerve  in  its 
course  or  at  its  centre,  causes  the  sensation  of  light.  Section  or  degeneration  of 
the  nerve  is  followed  by  blindness.  Stimulation  of  the  optic  nerve  causes  a  reiiex 
contraction  of  the  pupils,  the  efferent  nerve  being  the  oculomotorius  or  third  cranial 
nerve.  If  the  stimulus  be  very  strong,  the  eyelids  are  closed  and  there  is  a 
secretion  of  tears.  The  influence  of  light  upon,  the  general  metabolism  is  stated  at 
§  127,  9. 

As  the  optic  nerve  has  special  and  independent  connections  with  the  so-called 
visual  centre  (§  378,  IV.),  as  well  as  with  the  centre  for  narroiving  the  pnjnl  (§  345), 
it  is  evident  that,  under  pathological  circumstances,  there  may  be,  on  the  one  hand, 
blindness  with  retention  of  the  action  of  the  iris,  and  on  the  other  loss  of  the 
movements  of  the  iris,  the  sense  of  vision  being  retained  (Wernicke). 

Pathological— Stimulation  of  almost  the  whole  of  the  nervous  apparatus  may  cause  excessive 
sensibility  of  the  visual  apjiaratus  ( hyper BBSthesia  optica),  or  even  visual  impressions  of  the 
most  varied  kinds  (photopsia,  chromatopsia),  which  in  cases  of  stimulation  of  the  visual 
centre  may  become  actual  visual  hallucinations  (§  378,  IV.).  Material  change  in,  and 
inHammation  of,  the  nervous  apparatus  are  often  followed  by  a  nervous  weakness  of  vision 
(amblyopia),  or  even  by  blindness  (amaurosis).  Both  conditions,  however,  may  be  the  signs 
of  disturbances  of  other  organs,  i.e.,  they  are  "sympathetic"  signs,  due  it  may  be  to  changes 
in  the  movement  of  the  blood-stream,  depending  upon  stimulation  of  the  vaso-niotor  nerves. 
The  discovery  of  the  partial  origin  of  the  optic  nerve  from  the  spinal  cord  explains  the 
occurrence  of  amblyopia  with  partial  atrophy  of  the  optic  nerve,  in  disease  of  the  spinal  cord, 
especially  in  tabes.  Many  poisons,  such  as  lead  and  alcohol,  disturb  vision.  There  are 
remarkable  intermittent  forms  of  amaurosis  known  as  day-blindness  or  hemeralopia,  which 
occurs  in  some  diseases  of  the  liver  and  is  sometimes  associated  with  incipient  cataract.  [The 
person  can  see  better  in  a  dim  light  than  during  the  day  or  in  a  bright  light.  In  night- 
blindness  or  nyctalopia,  the  person  cannot  see  at  night  or  in  a  dim  light,  while  vision  is  good 
during  the  day  or  in  a  bright  light.  It  depends  upon  disorder  of  the  eye  itself,  and  is  usually 
associated  with  imperfect  conditions  of  nutrition.] 

345.  III.  NERVUS  GCULGMOTGEniS. —Anatomical.— It  springs  from  the  oculomotorius 
nucleus  (united  with  that  of  the  trochlearis),  which  is  a  direct  continuation  of  the  anterior 
horn  of  tbe  spinal  cord,  and  lies  under  the  aqueduct  of  Sylvius  (fig.  428).  [The  motor  nucleus 
(fig.  427)  gives  origin  to  three  sets  of  fibres,  for  (1)  the  most  of  the  muscles  of  the  eyeballs,  (2) 
the  sphincter  pupillfe,  (3)  ciliary  muscle.  The  nucleus  of  the  3rd  and  4th  nerves  is  also  con- 
nected with  that  of  the  6th  under  the  iter,  so  that  all  the  nerves  to  the  ocular  muscles  are  thus 
co-related  at  their  centres.  ] 

The  origin  is  connected  with  the  corpora  quadrigemina,  to  which  the  intraocular  fibres  may 
be  traced,  and  also  with  the  opposite  half  of  the  brain  to  the  angular  gyrus  (§  378,  I.)  through 
the  pedunculus  cerebri.  Beyond  the  j)ons,  it  appears  on  the  inner  side  of  the  cerebral  peduncle, 
between  the  superior  cerebellar  and  posterior  cerebral  arteries  (fig.  428,  III). 

Function. — It  contains — (1)  the  voluntary  motor  fibres  for  all  the  external 
muscles  of  the  eyeballs — except  the  external  rectus  and  superior  oblique — and  for 
the  levator  palpebrae  superioris.  The  co-ordination  of  the  movements  of  both  eye- 
balls, however,  is  independent  of  the  will.  (2)  The  fibres  for  the  sphincter  jnqnllcs, 
which  are  excited  refiexly  from  the  retina.  (3)  The  voluntary  fibres  for  the  muscle 
of  accommodation,  the  tensor  choroidese  or  ciliary  muscle.  The  intrabulbar  fibres  of 
2  and  3  proceed  from  the  branch  for  the  inferior  oblique  muscle,  as  the  short  root 
of  the  ciliary  ganglion  (fig.  429).  They  reach  the  eyeball  through  the  short  ciliary 
nerves  of  the  ganglion.  V.  Trautvetter  and  others  observed  that  stimulation  of 
the  nerve  caused  changes  in  the  eye  similar  to  those  which  accompany  near  vision. 
The  three  centres  for  the  muscl^-.of  accommodation,  the  sphincter  pupilte,  and  the 
internal  rectus  muscle,  lie  directly  in  relation  with  each  other,  in  the  most  posterior 
part  of  the  floor  of  the  third  ventricle  {Hensen  and  Volckers). 

The  centre  for  the  reflex  stimulation  of  the  sphincter  fibres  by  light  was  said 
to  be  in  the  corjjora  quadrigemina,  but  newer  researches  locate  it  in  the  medulla 
oblongata  (§§  37.9,  392).    The  narrowing  of  the  pupil,  which  accompanies  the  act 
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of  accommodation  for  a  near  object,  is  to  be  regarded  as  an  associated  movement 
(§  392,  5). 

Anastomoses. — In  man,  tho  nerve  anastomoses  on  the  sinus  cavernosus  with  the  ophthalmic 
branch  of  tho  trigeminus,  whereby  it  rocoives  scmorij  fibres  for  the  muscles  to  which  it  is  distri- 
buted {ValcnUn,  Adamilk),  with  the  sympathetic  through  the  carotid  plexus,  and  (?)  indirectly 
through  the  abduccns,  whereby  it  receives  vaso-motor  iibres  (?). 

Varieties.— In  some  rare  cases,  tho  pupillary  fibres  for  the  sphincter  run  in  the  abducens 
{Adamiik),  or  even  in  the  trigeminus  (Schiff,  v.  Sriifc). 

Atropin  paralyses  the  intrabulbar  fibres  of  the  oculomotorius,  while  Calabar  bean 
stimulates  them  (or  paralyses  the  sympathetic,  or  both — compare  §  392). 

Stimulation  of  tho  nerve,  which  causes  contraction  of  the  pupil,  is  best  demonstrated  on  the 
decapitated  and  opened  head  of  a  bird.  The  pupil  is  dilated  in  paralysis  of  the  oculomotorius, 
in  asphyxia,  sudden  cerebral  anajmia  {e.g.,  by  ligature  of  the  carotids,  or  beheadmg),  sudden 
venous  congestion,  and  at  death.  . 

Pathological.— Complete  paralysis  of  the  oculomotorius  is  followed  by— (1)  drooping  oi  the 
upper  evelid  (ptosis  paralytica);  (2)  immobility  of  the  eyeball ;  (3)  squinting  (strabismus)  out- 
wards and  downwards,  and  consequently  there  is  double  vision  (diplopia) ;  (4)  slight  protrusion 
of  the  eyeball,  because  the  action  of  the  superior  oblique  muscle  m  pulling  the  eyeball  forward 
is  no  longer  compensated  by  the  action  of  three  paralysed  recti  muscles.  In  animals  provided 
mth  a  retractor  bulbi  muscle,  the  protrusion  of  the  eyeball  is  more  pronounced;  (5  moderate 
dilatation  of  the  pupil  (mydriasis  paralytica);  (6)  the  pupil  does  not  contract  to  light;  (/)  in- 
ability to  accommodate  for  a  near  object.  It  is  to  be  noted,  however,  that  the  paralysis  may 
be  confined  to  individual  branches  of  the  nerve,  i.e.,  there  may  be  incomplete  paralysis. 

rSquinting  —In  paralysis  of  the  superior  rectus,  the  eye  cannot  be  moved  upwards,  and 
especially  upwards  and  outwards.  There  is  diplopia  on  looking  upwards  the  false  image  being 
above  the  ti'ue,  and  turned  to  the  right  when  the  left  eye  is  afiected  (fig.  426,  3).  Inferior 
Eectus.— Defect  of  downward,  and  especially  downward  and  outward  movement,  the  eye  being 
directed  upwards  and  outwards.  Diplopia  with  crossed  images  the  false  one  is  below  the  ti'ue 
ima<^e  and  placed  obliquely,  being  turned  to  the  left  when  the  left  eye  is  affected.    Diplopia  is 
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Fig.  426. 

The  black  cross  represents  the  true  image,  the  thin  cross  the  false  image.    The  left  eye  is 
represented  as  affected  in  all  cases  {Bristow). 

most  ti-oublesome  when  the  object  is  below  the  line  of  vision  (fig.  426,  5).  Internal  Eectus.- 
Defective  inward  movement,  divergent  squint,  and  diplopia,  the  images  being  on  the  same  plane 
the  false  one  to  the  patient's  right  when  the  left  eye  is  affected.  The  head  ^r^^f  °  the 
healthy  side,  when  looking  at  an  object,  while  there  is  secondary  deviation  of  the  healthy  eye 
outwards  (fig.  426,  1).  Inferior  obUque  is  rare,  the  eye  is  turned  slightly  downwards  and  in- 
waX  and  Lecti've  movement  upwards.  Diplopia  with  the  false  image  above  t\e  tme  on^ 
especially  on  looking  upwards  ;  the  false  image  is  oblique,  and  directed  to  the  patients  left 
when  the  left  eye  is  affected  (fig.  426,  4).]  .  i„„„T,Ti+Ti<.lmiiR 

Stimulation  of  the  branch^supplying  the  levator  palpebrs  m  man  ca}^^^^ JugopJ^^halm^ 
spasticus,  while  stimulation  of  the  other  motor  fibres  causes  a  corresponding  strabianus  spas- 
ticus.  The  latter  form  of  squinting  may  be  caused  a  so  reRex\y-c.g  'lll'^^^l^f.^^^^^^^^ 
of  diarrhoea  in  children ;  [the  presence  of  worms  or  other  source  of  irritation  m  the  intestines  ot 
children  is  a  frequent  cLuse  of  squinting].  Clonic  spasms  occur  in  both  eyes  and  also  as  in- 
voluntary movements  of  the  eyeballs  constituting  nys  agmus,  which  J«  P^?^""^^?  £ 
stimulation  of  the  corpora  quadrigemina,  as  well  as  by  other  means.  Tonic  contraction  of  tl  e 
sohincter  pupillte  is  called  myosis  spastica,  and  clonic  contraction,  hippus  Spasm  of  the  muscle 
of  accommSiTn^  muscle)  is  sometimes  observed  ;  owing  to.  the  imperfect  judgment  of 
distance  this  condition  is  not  unfrequently  associated  with  macropia.  i„„  .  +i,„o 

[Conjugate  Deviation. -Some  movements  are  produced  by  non-corresponding  mus  le  ;  th  s 
on  looking  to  the  right,  we  use  the  right  external  rectus  and  left  internal  rectus  and  the  same 
is  the  case  in  turning  the  head  to  the  right,  e.g.,  the  inferior  oblique,  some  muscles  of  the  right 
side  act  along  with  the  left  sterno-mastoid.    In  hemiplegia,  the  muscles  on  one  side  paraWsed 
so  that  the  head  and  often  the  eyes  are  turned  away  from  the  paralysed  side,  i.e.,  to  tlie  side  of 
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the  brain  on  which  the  lesion  occurs.  This  is  called  "conjugate  deviation  of  the  eyes  with 
rotation  of  the  head  and  neck.  If  the  ri^ht  external  rectus  be  paralysed  from  an  a  iection  of 
the  sixth  nerve,  on  telling  the  patient  to  look  to  the  right  it  will  be  found  that  the  left  eye  will 
squint  more  inwards  even  than  the  right  eye,  i.e.,  owing  to  the  strong  voluntary  oflort,  the 
muscle  the  left  internal  rectiTS  which  usually  acts  along  with  the  right  external  rectus,  con- 
tracts  vigorously,  and  so  we  get  secondary  deviation  of  the  sound  eye.  Similar  results  occur 
in  connection  with  paralysis  of  other  ocular  nuiscles.] 


Pulvlnar 


Corpus 
geminum  {^^^^i^^^ 


Conftrlum  or  pIuealeluRtl. 

Brachiam  cowjunctlvum  antlcniu. 


Brjichium  cocjunctivum 
poBticiiiu. 


Corpus  geniculataiu 
medJale- 


Pedunculua  cerebri. 


ad  corpora  quadri- 

gemina,  or 
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cere belli 
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Funiculus  cunealus 
f  Part  of  reatiform  body). 


Funiculus  gracilii 
(Poatorior  pyramid). 


Fig.  427. 

Medulla  oblongata,  with  the  corpora  quadrigemina.  The  numbers  IV-XII  indicate  the 
superficial  origins  of  the  cranial  nerves,  while  those  (3-12)  indicate  their  deep  origin,  i.e., 
the  position  of  their  central  nuclei ;  t,  funiculus  teres. 

346.  rv.  NERVUS  TROCHLEARIS.— Anatomical.— It  arises  from  the  valve  of  Vieussens, 
i.e.,  JeAwici_ the  fourth  ventricle,  but  its  fibres  pass  to  the  oculomotorius  from  the  irochlcaris 
nucleus,  which  is  to  a  certain  extent  a  continuation  of  the  anterior  horn  of  the  spinal  cord  (fig. 
427).  It  passes  to  the  lower  margin  of  the  corpora  quadrigemina,  pierces  the  roof  of  the 
aqueduct  of  Sylvius,  then  into  the  velum  medullare  superius,  and  after  decussating  with  the 
root  of  the  opposite  side  behind  the  iter,  it  pierces  the  crus  at  the  superior  and  external  border 
(fig.  428).  Its  fibres  cross  between  its  nucleus  and  its  distribution.  It  has  also  an  origin  from 
the  locus  cceruleus.  The  root  of  the  nerve  receives  some  fibres  from  the  nucleus  of  the  abducens 
of  the  opposite  side.  Physiologically,  there  is  a  necessity  for  a  connection  between  the  centre 
and  the  cortical  motor  centre  for  the  eye  muscles. 


590. 
Function. - 


THE  NERVUS  TRIGEMINUS. 

-It  is  the  voluntary  motor  nerve  of  the  superior  oblique  muscle.  (In 

co-ordinated  movements,  how- 
ever, it  is  involuntary.) 

AnaBtomoseB.  —  Its  connectious 
with  tlio  plexus  caroticus  sympa- 
tliici,  and  with  tlic  Ijrst  branch  of 
the  trigeminus,  liavc  the  same  sig- 
nificance as  similar  branches  of  the 
oculomotorius. 

Pathological. — ParalysiB  of  the 
troehlearis  nerve  causes  a  very  slight 
loss  of  the  mobility  of  the  eyeball 
outwards  and  downwards.  There 
is  slight  s([uinting  inwards  and 
upwards,  with  diplopia  or  double 
vision.     The  images  are  placed 
obliquely  over  each  other  [the  false  . 
image  being  the  lower,  and  directed 
to  the  patient's  right  when  the  left 
eye  is  affected  (fig.  426,  6)]  ;  they 
approach  each  other  when  the  head 
is  turned  towards  the  sound  side, 
and  are  separated  when  the  head  is 
turned  towards  the  other  side.  The 
patient  at  first  directs  his  head  for- 
wards, later  he  rotates  it  round  a 
vertical  axis  towards  the  sound  side. 
In  rotating  his  head  (whereby  the 
sowul  eye  may  retain  the  primary 
position),  the  eye  rotates  with  it. 
Spasm  of  the  troehlearis  causes 
squinting  outwards  and  downwards. 

347,  V.  NEEVUS  TEIGEMI- 
NUS.— Anatomical. — The  trigemi- 
nus (fig.  429,  5),  arises  like  a  spinal 
nerve  by  two  roots  (fig.  428,  Y.) 
The  smaller,  anterior,  motor  root 
proceeds  from  the  "motor  tri- 
geminal nucleus"  (5),  which  is 
provided  with  many  multipolar 
nerve-cells,  and  lies  in  the  floor  of 
the  medulla  oblongata,  not  far  fi'om 
the  middle  line.  Fibres  connect 
this  nucleus  with  the  cortical  motor 
centres  on  the  opposite  side  of  the 
cerebrum.  Besides  this  the  "de- 
scending root "  also  supplies  motor 
fibres.    It  extends  laterally  from 
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Fig.  428. 

Part  of  the  base  of  the  brain,  with  the  origins  of  the  cranial 
nerves  ;  the  convolutions  of  the  island  of  Keil  on  the 
ri^'ht  side,  but  removed  on  the  left.  I',  olfactory  tract 
cut  short  ;  II,  left  optic  nerve  ;  11',  right  optic  tract ; 

Th  cut  surface  of  the  left  optic  thalamus;  C,  central  ^.-^^^^^^   -  — 

lobe  or  island  of  Reil ;  Sy,  fissure  of  Sylvius ;  XX,  the  corpora  quadrigemma  along  the 
locus  perforatus  anticus  ;  e,  the  external,  and  i,  the  m-  aqueduct  of  Sylvius  downwards  to 
ternal  corpus  geniculatum  ;  7i,  hypophysis  cerebri  ;  te,  ■       •     "  '  --^rr.-.i. 
tuber  cinereum,  with  the  iufundibulum  ;  a,  points  to  one 
of  the  corpora  albicantia  ;  P,  the  cerebral  peduncle ;  /, 
the  fillet ;  III,  left  oculomotor  nerve  ;  X,  the  locus  per- 
foratus posticus  ;  PV,  pons  Varolii  ;  V,  the  gi'eater  part  ^^^.^^^     „x.i^o  ..v..  —  - 

of  the  fifth  nerve  ;  + ,  the  lesser  root  (on  the  right  side  the  pons,  and  is  the  analogue  ot  the 

this  mark  is  placed  on  the  Gasserian  ganglion  and  points  posterior  horn  of  the  grey  matter  ol 

to  the  lesser  root) ;  1,  ophthalmic  division  of  the  fifth  ;  ti^e  spinal  cord.    (2)  From  the  grey 

VII  a,  facial,  VII  h,  auditory  ;  VIII,  vagus  ;  VIII  a,  a^atter  of  the  posterior  horn  of  the 

glosso-pharyngeal  ;  VIII  h,  spinal  accessory ;  IX,  hypo-  spinal  cord,  downwards  as  far  as  the 

Glossal  •  a  flocculus  ;  fh,  horizontal  fissure  of  the  cere-  second  cervical  vertebra.  ihese 

bellum'(Ce)  ;  am,  amygdala  ;  pa,  anterior  pyramid  ;  o,  fi^i-es  run  into  the  posterior  coiumn 

olivary  body  -  c,  restiform  body;  d,  auteiior  median  of  the  cord  and  then  appear  as  the 

fissure  •  cL  the  lateral  column  of  the  spinal  cord;  CI,  "ascending  root"  in  the  ti-ige- 

the  sub- oecii)ital  or  first  cervical  ne^i've.  minus.    (3)  Some  fibres  come  from 

thrcerllum,  through  the  crura  ccr.belli.    The  origins  of  the  sensory  root  anastomose  >vith 


the  exit  of  the  nerve  [Hcnlc,  Ford). 
The  large  posterior  sensory  root 
receives  fibres  :— (1)  From  the  small 
cells  of  the  "sensory  trigeminal 
nucleus  "  which  lies  at  the  level  ot 
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the  motor  nuclei  of  all  the  nerves  arising  from  the  medulla  oblougata,  with  the  exception  of 
the  abducens.  This  explains  the  vast  number  of  reflex  relations  of  the  fifth  nerve.  The  tliick 
trunk  appears  on  each  side  of  tlie  jjons  (lig.  •128),  wlieu  its  po.sterior  root  (perhaps  in  counection 
with  some  fibres  from  the  anterior)  fornis  the  Gasserian  ganglion,  u])ou  the  tip  of  the  petrous 
part  of  the  temporal  bone  (lig.  429).  Fibres  from  the  S3'mpathetic  proceed  from  the  plexus  caver- 
nosus  to  the  ganglion.    The  nerve  divides  into  tlu'ee  large  branches. 

I.  The  ophthalmic  division  (fig.  429,  d)  receives  sympathetic  fibres  {vaso-motur 
nerves)  from  the  plexus  cavernosus ;  it  passes  through  the  superior  orbital  fissure 
[sphenoidal]  into  the  orbit.    Its  branches  are  : — 

1.  The  small  recurrent  nerve  which  gives  sensory  branches  to  the  tentorium 
cerebelli.  Fibres — the  vaso-motor  nerves  for  the  dura  mater — proceed  along  with 
it  from  the  carotid  plexus  of  the  sympathetic. 

2.  The  lachrymal  nerve  gives  off— («)  Sensory  branches  to  the  conjunctiva,  the 
upper  eyelid,  and  the  neighbouring  part  of  the  skin  over  the  temple  (fig.  429,  a) ; 
(6)  true  sensory  fibres  to  the  lachrymal  gland  {%).  Stimulation  of  this  nerve  is  said 
to  cause  a  secretion  of  tears,  while  its  section  prevents  the  reflex  secretion  excited 
through  the  sensory  nerves  of  the  eye.  After  a  time,  section  of  the  nerve  is  followed 
by  a  paralytic  secretion  of  tears  {Herzenstein  and  Wolferz),  although  the  statement 
is  contested  by  Eeich.  The  secretion  of  tears  may  be  excited  reflexly,  by  strong 
stimulation  of  the  retina  by  light,  by  stimulation  of  the  first  and  second  branches 
of  the  trigeminus,  and  through  all  the  sensory  cranial  nerves  {Demtschenko)  (§  356, 

3.  The  frontal  (/)  gives  off  the  supratrochlear,  which  supplies  sensory  fibres  to 
the  upper  eyelids,  brow,  glabella,  and  those  which  excite  the  secretion  of  tears 
reflexly;  and  by  its  supraorbital  branch  (6),  analogous  branches  to  the  upper 
eyelid,  skin  of  the  forehead,  and  the  adjoining  skin  over  the  temple  as  far  as  the 
vertex. 

_  4.  The  naso-ciliary  nerve  {nc),  by  its  infratrochlear  branch  supplies  fibres, 
similar  to  those  of  3,  to  the  conjunctiva,  caruncula,  and  saccus  lacrimalis,  the 
upper  eyelid,  brow,  and  root  of  the  nose.  Its  ethmoidal  branch  supplies  the  tip 
and  aliB  of  the  nose,  outside  and  inside,  with  sensory  branches,  as  well  as  the  upper 
part  of  the  septum  and  the  turbinated  bones  with  sensory  fibres,  which  can  act  as 
afferent  nerves  m  the  reflex  secretion  of  tears ;  while  it  is  probable  that  vaso-motor 
fibres  are  supplied  to  these  parts  through  the  same  channel.  (These  fibres  may  be 
derived  from  the  anastomosis  with  the  sympathetic  (?).)  The  naso-ciliary  nerve 
gives  off  the  long  root  {I)  of  the  ciliary  ganglion  (c),  and  1  to  3  long  ciliary  nerves 
The  ciliary  ganglion  (fig.  429,  c),  which,  according  to  Schwalbe,  perhaps  belongs 
rather  to  the  third  than  the  fifth  nerve,  has  three  roots— (a)  the  short  or  oculomo- 
torius  (3— see  §  345) ;  {b)  the  long  (1),  from  the'  naso-ciliary ;  and  {c)  the  sympa- 
thetic (s)  sometimes  united  with  h,  from  the  carotid  plexus.  The  short  ciliary 
nerves  {t\  six  to  ten  in  number,  proceed  from  the  gaughon,  along  with  the  lou<^ 
ciliary  nerves,  to  near  the  entrance  of  the  optic  nerve,  where  they  perforate  the 
sclerotic  coat  and  run  forwards  between  it  and  the  choroid. 
Ciliary  Nerves. — Physiologically,  these  nerves  contain  : — 

1.  The  motor  fibres  for  the  sphincter  pupiUae  and  the  tensor  choroidese  from 
the  root  of  the  oculomotorius  (§  345,  2,  3). 

2.  Sensory  fibres  for  the  cornea,  which  are  distributed  as  excessively  fine  fibrils 
between  the  epithelium  of  the  conjunctiva  hulhi;  they  perforate  the  sclerotic 
These  fibres  cause  a  reflex  secretion  of  tears  (N.  lacrimalis)  and  closure  of  the 
eyehds  (N.  facialis).  Sensory  fibres  are  supplied  to  the  iris  (pain  in  iritis  and  in 
operations  on  the  iris),  the  choroid  (painful  tension  when  the  ciUary  muscle  is 
strained),  and  the  sclerotic. 

3.  Vaso-motor  nerves  for  the  blood-vessels  of  the  iris,  choroid,  and  retina.  They 
arise  in  part  from  the  sympathetic  root,  and  the  anastomosis  of  the  sympathetic 
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Semi.diagraB.matic  representation  of  the  nerves  of  tl-^^^^^^^^^^^ 

its  |anglia,togetLr  with  tlie  facial  and  glosso-pW^^^^^^^  ^.^^        <^  eiUary 

mnscle  from  the  oculomotorius,  with  the  5"^^  shoit  root  to  tne  y^„^^ 
nerves ;  I,  long  root  to  the  ganglion  from  the  ^^l^-^^J^^'''  'first  ^or  ^ophthalmic  division  of  the 
pathetic  plexus  {Sy)  surroundmg  the  internal  carotidj^)  ,  <t,  n         J^^^^  i.ehrymal  {a)  supm- 
trigeminus  (5),  with  the  uaso-ciliary         and  the  terminal  "  trigeminus  ;  E,  mfra- 

orbital  (&),  and  frontal  (/) ;  e,  second  or  s^Pe"°^,f^?,^;^;^'J,'^.'7'fr^^  the  facical,  and  v,  from  the 
orbital  ,i  spheno-palatine  (Meckel's)  ganglion  ^^^^'ei^^^^^   the  ganglion  ;  g,  third  or 

sympathetic;  N,  the  nasal  branches,  and  m  ^^V^^i  chorda  tympani ;  m,  otic  gang  ion 
inferior  maxillary  division  of  the  f-'S^'-'^'^l'^^^J'}'^^^^  and  with  ite 

with  the  roots  from,  the  tympanic  Pjf f  °  "^^j^f  .^^^^^  sub-maxillary  Ranglion  with  ib 

■  branches  to  the  aiinculo-temporal  (A)  and      t^;'^,,^^.^'''^,^^    'ou  the  external  artery  (?).    /,  F^"?' 
roots  from  the  tympanico-lingual,  and  the  ^y^^P^*^*  f /^^^^^^^^  .  ^,  branch  to  the  tympanic 

nerve-i,  its  great  superficial  petrosal  branch  ;  a  gaug  .ff^aSai  branch  of  the  vagus  ;  i 
Icxus    y,  branch  to  the  stapedius  ;  S,  ig  to  tt^^^^^^^  .  „„d 

SSnen^es^;  P,  parotid,  M,  sub-maxillary  gland. 


BRANCHES  AND  CONNECTIONS  OF  THE  TRIGEMINUS. 


593 


with  the  ophthalmic  division  of  the  trigeminus  (Weffner).  The  iris  and  retina 
receive  most  of  their  vaso-motor  nerves  from  the  trigeminus  itself  {Jio(/oi>j),  and  tew 
from  the  sympathetic ;  according  to  Klein  and  Svetlin,  the  retinal  vessels  are  not 
influenced  either  by  stimulation  or  division  of  the  sympathetic.  ^  . 

4  Motor  fibres  for  the  dilator  pupillie,  which  for  the  most  part  are  derived  trom 
the  svmpafhetic  (Petit,  1727),  through  the  sympathetic  root  of  the  ganglion  and  the 
anastomosis  of  the  sympathetic  with  the  trigeminus  (Balogh,  Oehl).  Some  observers 
deny  altogether  the  existence  of  a  dilator  pupillaa  muscle  (§  384).  The  ophthalmic 
division  contains  independent  fibres  for  the  dilatation  of  the  pupil  (Schif),  which 
arise  in  the  medulla  oblongata  and  proceed  directly  into  the  ophthalmic  (i  or  arise 

from  the  Gasserian  ganglion— Ce/iO-  ^,        ,  ^  ,  ^, 

It  is  not  conchisively  determined  whether  in  man  dilator  fibres  also  proceed  through  the 
sympathetic  root  of  the  ciliary  ganglion,  and  reach  the  iris  through  the  ciliary  nerves.  In  the 
doc^andcat  these  fibres  do  iiot  pass  through  the  ciliary  ganglion,  but  go  directly  along  the 
optic  nerve  to  the  eye  (Ecnsen  and  Volckcrs)  through  the  Gasserian  ganglion,  to  its  ophthalmic 
branch  and  through  the  long  ciliary  nerves  {Jecjorow).  In  birds,  the  dilator  fibres  run  only  in 
the  fifth  {ZcglinsU).    For  the  centre  (§  367,  8). 

4fter  section  of  the  trigeminus,  the  pupil  becomes  contracted  after  a  short  period 
of  dilatation  (rabbit,  frog)°  but  this  effect  is  not  permanent.  After  excision  of  the 
superior  cervical  ganglion  of  the  sympathetic,  the  power  of  dilatation  of  the  pupil 
is  not  completely  abolished.  The  narrowing  of  the  pupil  which  follows  section  of 
the  trigeminus  in  the  rabbit,  and  which  rarely  lasts  more  than  half  an  hour,  may 
be  regarded  as  due  to  a  reflex  stimulation  of  the  oculomotorius  fibres  of  the 
sphincter,  in  consequence  of  the  painful  stimulation  caused  by  section  of  the 
trigeminus. 

Stimulation  of  the  Sympathetic— Either  in  the  neck,  or  in  its  course  to  the  eye,  when  the 
peripheral  end  of  the  cervical  sympathetic  is  stimulated,  besides  the  effect  on  the  blood-vessels, 
there  is  dilatation  of  the  pupil,  as  well  as  contraction  of  the  smooth  muscular  fibres  in  the  orbit 
and  eyelids.  •  The  "membrana  orbitalis,  which  separates  the  orbit  from  the  temporal  fossa  in 
animals,  contains  numerous  smooth  muscular  fibres  {muscular  orbitalis).  The  corresponding 
membrane  of  the  inferior  orbital  fissure  [spheno-maxillaiy  fissure]  in  man  has  a  layer  of  smooth 
muscle,  one  millinieti-e  thick,  and  arranged  for  the  most  part  longitudinally.  Both  eyelids 
contain  smooth  muscular  fibres  which  serve  to  close  them;  in  the  upper  lid  they  lie  as  if  they 
were  a  continuation  of  the  levator  palpebrte  superioris,  in  the  lower  lid  they  lie  close  under  the 
conjunctiva.  Tenons  capsule  also  contains  smooth  muscular  fibres.  The  sympathetic  nerve 
supplies  all  these  muscles  [Heinr.  Mailer)— {the  orbital  muscle  is  partly  supplied  from  the 
spheno-palatine  ganglion) ;  in  animals,  the  retractor  of  the  third  eyelid  at  the  inner  angle  of  the 
eye  is  similarly  supplied.  Hence,  stimulation  of  the  sympathetic  cmses  dilatation  of  the  pupil 
and  of  the  palpebral  fissure,  with  protrusion  of  the  eyeball.  This  result  may  be  caused  reflexly 
by  strong  stimulation  of  sensory  nerves.  Strong  stimulation  of  the  nerves  of  the  sexual  organs 
is  followed  by  similar  phenomena  in  the  eye.  The  dilatation  of  the  pupil,  which  occurs  in  chil- 
dren afiected  ^yith  intestinal  worms,  is  perhaps  an  analogous  phenomenon.  The  pupil  is  dilated 
when  the  spinal  cord  is  stimulated  (at  the  origin  of  the  sympathetic),  as  in  tetanus. 

Section  of  the  sympathetic,  besides  other  effects,  causes  narrowing  of  the  fissure  between  the 
eyelids,  the  eyeball  sinks  in  its  socket  (and  in  animals,  the  third  eyelid  is  relaxed  and  pro- 
truded). In  dogs,  section  causes  internal  squint,  as  the  external  rectus  receives  some  motor 
fibres  from  the  sympathetic.  (Origin  of  these  fibres  from  the  cilio-spinal  region.  S^nnal  Cord, 
§  362,  1.) 

5.  It  is  probable  that  trophic  fibres  occur  in  the  trigeminus,  and  pass  through 
the  ciliary  nerves  to  reach  the  eye.  If  the  trigeminus  be  divided  within  the 
cranium,  after  six  to  eight  days,  inflammation,  necrosis  of  the  cornea,  and  ulti- 
mately complete  destruction  of  the  eyeball  take  place,  constituting  panophthalmia 
{Fodera,  1823  3  Magendie). 

Trophic  Fibres. — In  weighing  the  evidence  for  and  against  the  existence  of  trophic  fibres,  we 
must  bear  in  mind  the  following  considerations  : — 1.  Section  of  the  trigeminus  makes  the 
whole  eye  insensible  ;  the  animal  is  therefore  unconscious  of  direct  injury  to  its  eye,  and  can- 
not therefore  remove  any  offending  body.  Dust  or  mucus,  which  may  adhere  to  the  eye,  is  no 
longer  removed  by  the  reflex  closing  of  the  eyelids  ;  while,  owing  to  the  absence  of  the  reflex, 
the  eye  is  more  open  and  is  therefore  subject  to  more  injuries  ;  the  reflex  secretion  of  tears  is 
also  arrested.    Snellen  (1857)  fixed  the  ear  of  a  rabbit  in  front  of  its  eye  so  as  to  protect  the 
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latter  and  shiolcl  it  from  injuries,  and  lie  Ibuiul  that  the  iiiHammation  and  other  events  occurred 
at  a  later  date  while,  according  to  Meissnor  and  Biittner,  if  the  eye  he  itrotected  hy  means  of  a 
complete  capsule,  the  inllamniatiou  does  not  occur  at  all.    There  can  be  no  doubt  that  the  loss 
of  the  sensibility  of  tlie  eye  favours  the  occurrence  of  inllammation.    Hut  Meissner,  JJuttner, 
and  Sehiir  observed  that  inllannnation  of  the  eye  occurred  when  the  trophic  (most  internal)  libtea 
alone  were  divided,  the  eye  at  the  same  time  retaining  its  sensibility  ;  this  would  seem  to 
indicate  the  existenoo  of  trojihic  libres,  but  Colinheim  and  Senftleben  dispute  the  statement. 
Oonversolv  the  sensibility  of  tlie  eye  mav  be  abolished  by  partial  section  of  the  nerve,  yet  the 
eve  does  not  become  inllamed  {Schip).  "Kanvier,  who  denies  the  existence  of  trophic  nerves, 
made  a  circular  incision  round  the  margin  of  the  cornea  through  its  superlicial  layers,  so  as  to 
divide  all  the  corneal  nerves.    Insensibility  of  the  cornea  was  thereby  produced,  but  never 
keratitis.    Further,  in  man  and  animals,  when  they  are  unable  to  close  their  eyelids,  there  is 
redness  with  secretion  of  tears,  or  slight  dryness  and  opacity  of  the  surface  of  the  eyeball 
(xerosis),  but  never  the  inflammation  already  described  {Samuel).    2.  \\  e  must  also  talce  into 
consideration  the  following  :-Section  of  the  trigeminus  paralyses  the  vaso-motor  nerves  in  the 
Interior  of  the  eyeball,  which  must  undoubtedly  cause  a  disturbance  in  the  intraocu  ar  circula- 
tion    According  to  Jesner  and  Griinhagen,  the  trigeminus  also  contains  vaso-dilaU)r  Jibres, 
whose  stimulation  is  followed  by  increased  How  of  blood  to  the  eye,  with  consecutive  excretion 
of  the  fibrin-factors  and  increase  in  the  amount  ot;  albuniin  of  the  aqueous  humour    3  After 
sficHon  of  the  nerve  the  intraocular  tensioniB  diminished  (while  stimulation  ot  the  neiye  is 
f£ecl  by  Lci       0 i  the  Straocnlar  pressure)  {HippeU,  O^'iMuMten).    This  diminution  of  the 
normal  teifsion  necessarily  must  alter  the  normal  relation  of  the  hUmg  of  the  blood- and  lymph- 
vessels,  and  also  the  movement  of  the  fluids,  upon  which  the  normal  nutrition  is  largely 
dependent     4  Kiihne  observed  that  stimulation  of  the  corneal  nerves  was  followed  by  con- 
tSToi  the  sf-cilled  corneal-corpuscles.    Perhaps  the  movements  of  these  eojuscl-  may 
influence  the  normal  movement  of  the  lymph  m  the  canalicular  system  of  the  cornea  (§  384), 
thSe  mov^Smentsrhowever,  would  seem  to  depend  upon  the  nervous  system,  so  that  its  destruc- 

^TTheSttirS^^^^^^^^  -ay  depend_(l)  mere  loss  of  sensibility 

wlSnrisnot  sufficient  to  explain  the  phenomena  ;  (2);-o--o tor  ^^^-^^^-^^  ^^^^ ^ 
oi,.  Tori  K,r  flio  almvp  fflpts  aiid  also  bv  the  other  consideration  that,  it  tne  nitu  ner\e  oe 
'divided  and^  tie  supei'o  cerVic^  gangl^^^^  excised  simultaneously,  ophthalmia  does  not  occur, 
S  in  fSt  excS  of  this  sympathetic  ganglion  may  modify  the  results  of  section  of  the 
fifth  (LS4.    Tims,  we  are  forced  to  (3)  the  theory  of  trophic  fibres,  whose  centre  is  the 

^  pS^gcff-ll  cases  of  anesthesia  of  the  trigeminus  in  man, 

ii-ritation  of  this  nerve,  inflammation  of  the  conjunctiva,  ^^^^J^^^^^"       P^^^^^^  W  called 

StSa=J?^^^^^^^^^^ 

^^SelTe  1^^^^^:^^^  dl-ase  of  the  vaap-motor  -rves  -hich 
are' q^te"d\ffe?ent  from  the  foregofng,  ai  they  --r  lead  to  ^^^^^^^^ 

as  experiments  upon  animals,  have  snown  tlnit  area  of  one  eye  are 

between  the  vascular  areas  ot  both  eyes  so  "^^^f  •  +    exnlaiu  the  fact  that 

apt  to  induce  similar  disturbances  of  the  opposite  eye  ^^"^f  ^^^'^      '/?^^Jeondition  in 

^b^^rS'i^::^  ""'^^X^^^  Iv^^^^'  stTmmation  of  the 

side  but  also  on  the  other  side  as  well  {Je^ier  if  ascribed  by  Bonders  to 

glaucoma  simplex,  where  the  intraocular  tension  s  gieatly  i"c«a,ea,  ^^"^"^^^^  of 
frritationof  t^  trigeminus,  l^-^^^^^f^^-^^:^^^^^^ 

the  secretory  fibres  contained  in  the  fifth  "^i^e  (»m),       stm^^^^     »  irritation  of 

triffemiuus  in  the  medulla  oblongata  {mppell  and  Grionhageii)  '°  f  ^'^'^'^  however 
Sf  pTi'ial  branches  of  the  fifth  as  by  nicotin  .1^^-^^  "^^^^f^     ,  *  .^^^^ 

that  some  forms  of  glaucoma  are  produced  by  d}™""f  V^,  the  fifth,  has 

^:;?reJi£f^»^-St^^^^S»» 
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9  The  subcutaneous  malar  or  orbital  (o)  supplies  by  its  temporal  and  orbital 
branches  sensibility  to  the  lateral  angle  of  the  eye  and  the  adjoining  area  of  skin 
of  the  temple  and  cheek.  Certain  fibres  are  said  to  be  the  true  secretory  nerves  for 
tears.    Compare  N.  lacrimalis,  p.  591.  ,    .,    ,  ^  • 

3  The  dental,  anterior,  posterior,  and  median,  and  with  them  the  anterior  nores 
from  the  infraorbital  nerve,  supply  sensory  fibres  to  the  teeth  in  the  upper  jaw, 
the  cmm,  periosteum,  and  the  cavities  of  the  jaw  (p.  592).  The  vaso-motor  nerves 
of  all  these  parts  are  supplied  from  the  upper  cervical  ganglion  of  the  sympathetic. 

4.  The  infraorbital  (R),  after  its  e.xit  from  the  infraorbital  foramen,  supplies 
sensory  nerves  to  the  lower  eyelid,  the  bridge  and  sides  of  the  nose,  and  the  upper 
lip  as  far  as  the  angle  of  the  mouth.  The  accompanying  artery  receives  its  vaso- 
motor fibres  from  the  superior  cervical  ganglion  of  the  sympathetic.  For  the 
sweat-secreting  fibres  which  occur  in  it  (pig)  see  §  288. 

The  spheno-palatine  ganglion  (Meckel's — n)  forms  connections  with  the  second 
division.  To  it  pass  two  short  sensory  root-fibres  from  the  second  division  itself, 
which  are  called  spheno-palatine.  Motor  fibres  enter  the  ganglion  from  behind, 
through  the  large  superficial  petrosal  branch  of  the  facial  (J)  ;  and  grey  vaso- 
motor fibres  (v)  from  the  sympathetic  plexus  on  the  carotid  (the  deep  large  petrosal 
nerve).  The  motor  and  vaso-motor  fibres  from  the  Vidian  nerve,  which  reach  the 
ganglion  through  the  canal  of  the  same  name. 

Branches  of  the  Ganglion.— (1)  The  sensory  fibres  (N)  which  supply  the  roof, 
lateral  walls,  and  septum  of  the  nose  (posterior  and  superior  nasal) ;  the  terminal 
fibres  of  the  naso-palatine  pass  through  the  canalis  incisivus  to  the  hard  palate, 
behind  the  incisor  teeth.  The  sensory  inferior  and  posterior  nasals  for  the  lower 
and  middle  turbinated  bones,  and  both  lower  nasal  ducts,  are  derived  from  the 
anterior  palatine  branch  of  the  ganglion,  which  descends  in  the  palato-maxillary 
canal.  Lastly,  the  sensory  branches  for  the  hard  (p)  and  soft  palate  (p^),  and  the 
tonsils  arise  from  the  posterior  palatine  nerve.  All  the  sensory  fibres  of  the  nose 
(see  also  the  Ethmoidal  nerve),  when  stimulated,  cause  the  reflex  act  of  sneezing 
(§  120).  Preparatory  to  the  act  of  sneezing,  there  is  always  a  peculiar  feeling  of 
tickling  in  the  nose,  which  is  perhaps  due  to  dilatation  of  the  nasal  blood-vessels. 
This  dilatation  is  rapidly  caused  by  cold,  more  especially  when  it  is  applied  directly 
to  the  skin.  The  dilatation  of  the  vessels  is  followed  by  an  increased  secretion  of 
watery  fluid  from  the  nasal  mucous  membrane.  Stimulation  of  the  nasal  nerves 
also  causes  a  reflex  secretion  of  tears,  and  it  may  also  cause  stand-still  of  the 
respiratory  movements  in  the  expiratory  phase  {Hering  and  Kratschmer) — (compare 
Respiratory  centre,  §  368).  (2)  The  motor  branches  descend  in  the  posterior  palatine 
nerve  through  the  small  palatine  canal,-  and  give  off  (A)  motor  branches  to  the 
elevator  of  the  soft  palate  and  azygos  uvulae  (JVuhn).  The  sensory  fibres  for  these 
muscles  are  supplied  by  the  trigeminus.  According  to  Politzer,  spasmodic  con- 
traction of  these  muscles  occasionally  causes  crackling  noises  in  the  ears.  (3)  The 
vaso-motor  nerves  of  this  entire  area  arise  from  the  sympathetic  root,  i.e.,  from  the 
upper  cervical  ganglion.  (4)  The  root  of  the  trigeminus  supplies  the  secretory 
nerves  of  the  mucous  glands  of  the  nasal  mucous  membrane.  Stimulation  excites 
secretion,  while  section  of  the  trigeminus  diminishes  it  with  simultaneous  atrophic 
degeneration  of  the  mucous  membrane.  Thus,  trophic  functions  for  the  mucosa 
have  been  ascribed  to  the  trigeminus  {Aschenhrandt). 

Stimulation  of  the  Ganglion. — Feeble  electrical  stimulation  of  the  exposed  ganglion  causes  a 
copious  secretion  of  mucus  and  an  increase  of  the  temperature  in  the  nose  (Privost),  with  dila- 
tion of  the  vessels  {Aschenhrandt).  [Meckel's  ganglion  has  been  excised  in  certain  cases  of 
neuralgia  ( JValsham).  ] 

III.  Inferior  Maxillary  (g).— It  contains  all  the  motor  fibres  of  the  fifth,  along 
witth  a  number  of  sensory  fibres ;  it  gives  off  — 

1.  The  recurrent,  which  springs  by  itself  from  the  sensory  root,  enters  the  skull 
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through  the  foramen  spinosura,  and,  along  with  the  nerve  of  the  same  name  from 
the  II.  division,  supplies  sensory  fibres  to  the  dura  mater.  Fibres  proceed  from  it 
through  the  petroso-squamosal  fissure  to  the  mucous  membrane  of  the  cells  of  the 
mastoid  process. 

2.  Motor  fibres  for  the  muscles  of  mastication,  viz.,  the  masseteric,  the  two  deep 
temporal  nerves,  and  the  internal  and  external  pterygoid  nerves.  The  sensory 
fibres  for  the  muscles  are  supplied  by  the  sensory  fibres. 

3.  The  ljuccinator  is  a  sensory  nerve  for  the  mucous  membrane  of  the  cheek, 
and  the  angle  of  the  mouth  as  far  as  the  lips. 

According  to  Jolyet  and  Laffont,  it  contains,  in  addition,  vaso-niotor  fibres  for  the  uiucous 
membrane  of  the  cheek,  lower  lip,  and  their  mucous  glands ;  but  these  fibres  are  probably 
derived  from  the  symputhetie. 

Trophic  Fibres.— As  this  region  of  the  mucous  inembrane  of  the  mouth  ulcerates  after  sectioa 
of  the  trigeminus,  some  have  supposed  that  the  buccinator  nerve  contains  trophic  fibres.  But, 
as  Rollett  pointed  out,  section  of  the  inferior  maxillary  nerve  paralyses  the  muscles  of  mastica- 
tion ou  the  same  side,  and  hence  the  teeth  do  not  act  vertically  upon  each  other,  but  press 
a"-ainst  the  cheek.  Owing  to  the  loss  of  the  sensibility  of  the  mouth,  food  passes  between  the 
gum  and  the  cheek,  where  it  may  remain  attached,  undergo  decomposition,  and  perhaps 
chemically  irritate  the  mucous  membrane.  At  a  later  stage,  owing  to  the  wearing  away  of  the 
teeth  in  an  oblique  manner,  ulcers  begin  to  form  on  the  sound  side.  Hence,  there  is  no  necessity 
for  assuming  the  existence  of  trophic  fibres  in  this  nerve.  After  section  of  the  trigeminus,  the 
nasal  mucous  membrane  on  the  same  side  becomes  red  and  congested.  This  is  due  to  the  fax!t 
that  dust  or  mucus,  not  being  removed  from  the  nose  by  the  usual  reflex  acts,  remains  there, 
in-itates,  and  ultimately  causes  inflammation. 

4.  The  lingual  {h)  receives  at  an  acute  angle  the  chorda  tympani  (i  i),  a  branch 
of  the  facial  coming  from  the  tympanic  cavity.    The  lingual  does  not  contain  any 
motor  fibres  ;  it  is  the  sensory  and  tactile  nerve  of  the  anterior  two-thirds  of  the 
tongue,  of  the  anterior  palatine  arch,  the  tonsil,  and  the  floor  of  the  mouth.  These, 
as  well  as  all  the  other  sensory  fibres  of  the  mouth,  when  stimulated,  cause  a  reflex 
secretion  of  saliva' (compare  §  145).    The  lingual  is  accompanied  by  the  nerve  of 
taste  (chorda)  for  the  tip  and  margins  of  the  tongue  {i.e.,  the  parts  not  supplied  by 
the  glosso-pharyngeal).    After  section  of  the  lingual  nerve  in  man,  Busch,  Inzam, 
and  Lusanna  found  that  the  tactile  sensibility  was  lost  in  the  half  of  the  tongue, 
and  there  was  loss  of  taste  in  the  anterior  part  [two-thirds]  of  the  tongue.  _  The 
fibres  which  administer  to  the  sense  of  taste  do  not  as  a  rule  belong  to  the  Ungual 
itself,  but  are  derived  from  the  chorda  tymimni  (p.  600).    According  to  Schiff,  the 
lingual  nerve  is  the  gustatory  nerve,  and  some  cases  of  Erb  and  Senator  support 
this  view.    Such  cases,  however,  seem  to  be  exceptions  to  the  general  rule.  The 
lingual  nerve  in  the  substance  of  the  tongue  is  provided  with  small  gangha 
iRemah,  Stirling).    Schiff  observed  that  section  of  the  lingual  (and  also  of  the 
hypoglossal)  caused  redness  of  the  tongue,  so  that  vaso-motor  fibres  are  present  in 
its  course     It  is  unknown  whether  these  are  derived  from  the  anastomoses  of  the 
Gasserian  ganglion  with  the  sympathetic.    The  lingual  appears  to  receive  vaso- 
dilator fibres  from  the  chorda  for  the  tongue  and  gum  (§  349). 

After  section  of  the  trigeminus,  animals  frequently  bite  their  tongue,  as  they  cannot  feel  the 
position  and  movements  of  this  organ  in  the  mouth. 

5.  The  inferior  dental  is  the  sensory  branch  to  the  teeth  and  gum;  the  vaso- 
motor fibres  reach  it  from  the  superior  cervical  ganglion.  Before  it  passes  into  the 
canal  in  the  lower  jaw,  it  gives  off  the  mylo-hyoid  nerve,  which  supphes  motor 
fibres  to  the  mylo-hyoid  and  the  anterior  belly  of  the  digastric,  and  also  some  fibres 
to  the  triangularis  menti  and  the  platysma  ;  the  muscular  sensory  nerves  also  lie 
in  these  branches.  The  mental  nerve,  which  issues  from  the  mental  foramen,  is  the 
sensory  nerve  for  the  chin,  lower  lip,  and  the  skin  at  the  margin  of  the  jaw 

6  The  auriculo-temporal  gives  sensory  branches  to  the  anterior  waU  ot  tlie 
external  auditory  meatus,  the  tympanic  membrane,  the  anterior  part  of  the  ear, 
the  adjoining  region  of  the  temple,  and  to  the  maxillary  articulation. 
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FiV  430  shows  the  distribution  of  the  bramches  of  the  trigeminus  on  the  head,  and  the 
cervkal  nerverso  t^^^^  distribution  of  aneesthetic  and  hypertesthetic  areas  may  easily  be 
made  out.  .  . ,      „  , 

The  otic  ffanglion  (m)  lies  beneath  the  foramen  ovale  on  the  inner  side  ot  the 
third  division.  Its  roots  are-(l)  short  motor  fibres  from  the  third  division ;  (2) 
vaso-motor  from  the  plexus  around  the  middle  meningeal  artery  (ultimately 
derived  from  the  cervical  ganglion  of  the  sympathetic) ;  (3)  fibres  (X)  run  from  the 
tympanic  branch  of  the  glosso-pharyngeal  to  the  tympanic  plexus,  and  from  thenco 
throuo'h  the  canaliculus  petrosus  in  the  small  superficial  petrosal  m  the  cranium, 
then  through  a  small  canal  between  the  apex  of  the  petrous  bone  and  the  sphenoid, 


Muse. 


Muse. 


Muse. 


N.  phienicufl.  ErVs  ^  w""?, 

Supraclavicular-  bracliiaUs. 
point. 

Pig.  430. 

Distribution  of  the  sensory  nerves  on  the  head  as  well  as  the  position  of  the  motor  points  on 
the  neck.  SO,  area  of  distribution  of  the  supraorbital  nerve;  ST,  suprati-ochlear ;  IT, 
infratrochlear ;  L,  lachrymal ;  N,  ethmoidal ;  10,  infraorbital ;  B,  buccinator ;  SM, 
subcutaneus  mahe  ;  A  T,  auriculo-temporal ;  AM,  great  auricular  ;  OMj,  great  occipital ; 
OMi,  lesser  occipital ;  C3,  three  cervical  nerves  ;  GS,  cutaneous  branches  of  the  cervical 
nerves  ;  G  W,  region  of  the  central  convolutions  of  the  brain  ;  S  0,  region  of  the  speech- 
centre  (third  left  frontal  convolution),  j 

to  reach  the  otic  ganglion.  Through  the  chorda  tympani  the  facial  nerve  is  con- 
stantly connected  with  the  ganglion  (fig.  430). 

The  branches  of  the  otic  ganglion  are — (1)  motor  twigs  for  the  tensor  tympani 
and  tensor  of  the  soft  palate  (these  fibres  are  mixed  with  muscular  sensory  fibres — 
Ltichvig  and  Politzer) ;  (2)  one  or  more  branches  connecting  the  ganglion  with  the 
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auriculo-temporal  are  carried  by  the  roots  2  and  3  from  the  sympathetic  and  glcsso 
pharyngeal,  which  the  auriculo-temporal  nerve  (A),  as  it  passes  through  the  parotid 
gland  (r),  gives  ofE  to  the  gland.    These  are  the  secretory  fibres  for  the  parotid ; 
their  functions  are  stated  in  §  145. 

Section  of  the  trigeminus  is  followed  by  inllammatory  chaiif,'es  in  the  tympanic  cavity 
(rabbit) ;  the  degroo  of  infiammation  varies  much  {Ucrlhold  and  Qrilnhagen).  Section  of  the 
sympathetic  or  glosso-pharyiigeal  has  no  effect. 

The  sub-maxillary  ganglion  (fig.  429,  L)  lies  close  to  the  convex  arch  of 
the  tympanico-lingual  nerve  and  the  excretory  duct  of  the  sub-maxillary  gland 
(M).     Its  roots  are— (1)  branches  of  the  chorda  tympani,  ii,  which  undergo 
fatty  degeneration  after  section  of  facial  nerve.    This  root  supplies  secretory 
fibres  to  the  sub-maxillary  and  sub-lingual  glands,  but  it  also  supplies  vaso-dilator 
fibres  for  the  blood-vessels  of  the  same  glands  (§  145).    In  addition,  fibres  are 
supplied  to  the  smooth  muscular  fibres  in  Wharton's  duct.    All  the  fibres  of  the 
chorda  do  not  pass  into  the  gland ;  some  pass  along  with  the  lingual  nerve  into 
the  tongue  (see  Chorda,  under  Facial  Nerve).    (2)  The  sympathetic  root  of  the 
ganglion  arises  from  the  plexus  around  the  submental  branch  of  the  external 
maxillary  artery  (^z),  i.e.,  ultimately  from  the  superior  cervical  ganglion ;  it  passes 
to  the  gland,  and  contains  secretory  fibres,  whose  stimulation  is  followed  by  the 
secretion  of  thick  concentrated  saliva  (trophic  nerve  of  the  gland).    It  also  carries 
the  vaso-constrictor  nerves  to  the  gland  (p.  212).    (3)  The  sensory  root  springs 
from  the  lingual.    Some  of  the  fibres,  after  passing  through  the  ganglion,  supply 
the  gland  and  its  excretory  ducts,  while  a  few  issue  from  the  ganglion,  and  again 
join  the  tympanico-lingual  nerve  to  reach  the  tongue. 

Pathological  — Tilsmus,  or  sjmsm  of  the  muscles  of  mastication,  supplied  by  the  thii;d  division, 
is  usually  bilateral ;  it  may  be  clonic  in  its  nature  (chattering  of  the  teeth),  or  tonic,  when  it 
constitutes  the  condition  of  lock-jaw  or  trismus.  The  spasms  are  usually  mdividual  symptoms 
of  more  extensive  convulsions  ;  more  rarely  when  they  occur  alone  they  are  symptomatic  of 
disease  of  the  cerebrum,  medulla,  pons,  and  cortex  of  the  motor  convolutions  (J/W^iftMrsf).  The 
spasms  may  be  caused  reflexly,  e.g.,  by  stimulation  of  the  sensory  nerves  of  the  bead. 

ParalvBis  -Degeneration  of  the  motor  nuclei,  or  an  affection  of  the  intracranial  root  ot  the 
nerve,  causes  paralysis  of  the  muscles  of  mastication,  which  is  veiy  rarely  bilateral._  Paralysis 
of  the  tensor  tympani  is  said  to  cause  difficulty  of  hearing  {Romherg)  or  buzzing  in  the  ears 
{Benedict).    We  require  further  observations  upon  this  point,  as  well  as  upon  paralysis  of  the 

*Te!;ix°IlSa  mIyCccS'in  all  the  branches  of  the  fifth.  It  consists  of  severe  attacks  of  pain 
shooting  into  the  expansions  of  the  nerves.  It  is  usually  unilateral  and  m Jact  is  often 
confinecl  to  one  branch,  or  even  to  a  few  twigs  of  one  branch.  The  point  ^^^^f  t^^P^ 
proceeds  is  frequently  the  bony  canal  through  which  the  branch  issues.  The  ear,  dura  mater 
and  tongue  are  rarely  attacked.  The  attack  is  not  unfrequently  accompanied  by  cont  acUons 
or  twitcliings  of  the  corresponding  group  of  the  facial  muscles.  The  twitchings  are  "ther  reflex 
Tr  aTe  due  tl)  direct  peripheral  irr^tion  of  the  fibres  of  the  facial  nerve,  which  are  mixed  wi  j 
?he  terminal  branches  of  the  trigeminus.  The  reflex  twitchings  may  be  extensively  distributed, 
involvino-  eveu  the  muscles  of  the  arm  and  trunk.  j.  :.. 

eSss  01  congestion  of  the  affected  part  of  the  face  is  not  an  ^.^^^f  ^nt  syniptom 
ueuralgia,  and  it  mly  be  accompanied  by  increased  or  diminished  ^^j^,  t^/^^^f^/ 

buccaf  mucous  membranes.    This  is  a  reflex  phenomenon,  t'^^^y^P^thet^cjDem 
Reflex  stimulation  of  the  vaso-motor  nerves  frequently  gives  rise  to  '^}^'f^^T^fJA^iSZ 
Mties,  owing  to  changes  in  the  distribution  of  the  blood  in  the  ^^-^.^d;,   ^^^l^^  and  D^^^^^ 
found  thkt  stiinulation  of  sensory  nerves  caused  a  reflex  contraction  of  t^^,f;J"«^J';°°^^^^^ 
and  increase  of  the  blood-pressure  in  the  cerebral  vessels.    Sometimes  the  e  is  melanc^^^^^^ 
hypochondriasis,  and  in  one  case  of  violent  pain  m  the  mfenor  maxillary  neive,  the  attack  was 

accompanied  by  hallucinations  of  vision.  +r;rromiT,iis  »rfi  narti- 

The  trophic  disturbances  which  sometimes  accompany  affections  of  the  tngemmus  are  part 
cuhrlv  iJteTestin-     They  are  :  a  brittle  character  of  the  hair,  which  frequently  becomes  grej 
n  t  n^feU  out  "circumscribed  areas  of  inflammation  of  the  skin,  and  the  appearance  of  a 
veskl™p  ^on  upo^^^^^^^^^^        [often  following  the  distribution  of  certain  ^^^^f^f^^^ 
Sting  Ses,  wl^ich  may  also^occur  on  the  cornea,  ^^^^^f  oflh^fa"^^^^^^^^^^^ 
of  Schmldt-Eimpler.    Lastly,  there  is  the  VlY^f'^l^.^^^^t^    1 1  S  cJSsed  ve  y  mobS  by  a 
fined  to  one  side,  but  may  occur  on  both  sides  {Eulenhurg).    it  is  causea  ^  "y""" 
trophic  affection  of  the  trigeminus,  although  the  vaso-motor  nerves  n,ay  also  be  affected  reflexlj. 
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Tmi.loi,  found  that  ill  the  famous  case  of  Eomberg,  a  man  named  Schwahn  the  sphygmo- 
J:Sic  tracing^  «f  tho  atvopliied  side  was  distinctly  smaller  than  on  the 

sound  side  remarkable  observation  that  stimulation  of  the  branches  of  the 

Urbautschxtscl  n  ade  ^^^^^^^  ^^^^^  sensation  of  light  in  the 

trigemmus  es    cna  y  tlu,se   oin„  ^^.^^^^^     ^^^^^^  ^^^^^^^^^^  membrane,  electrical  s  nnula- 

pcrson  so  st.mula  ed.  ^^^^u^st rong  perfumes-all  temporarily  increase  the  sensation  ot  light, 
tion,  tl^e  "Ad  snieU  the  sensibility  if  certain  areas  of  the  skin,  can  all  be 

The  senses  °f  ,f  the  trigeminus'  In  intense  affections  of  the  ear,  whereby 

t'hSefoSe  trf^^i^^uf  a  ^  afrected''sympathotically,  these  sensory  functions  may  be 
Smfnished  As  ihe  ear-malady  begins  to  improve,  the  excitability  of  these  sense  organs  also 
again  begins  to  improve.  •      n  a 

rComplete  section  of  the  trigeminus  results  in  loss  of  sensibility  m  all  the  parts 
supplied  by  it  (fig.  430),  including  one  side  of  the  face,  temple,  part  of  the  ear,  the 
fore  part  of  the  head,  conjunctiva,  cornea,  mouth,  gums,  Schneiderian  mucous 
membrane  anterior  two-thirds  of  the  tongue,  and  part  of  pharynx.  In  drinking 
from  a  vessel,  the  patient  feels  as  if  one  side  of  it  were  cut  away.  The  muscles  ot 
mastication  are  paralysed  on  that  side,  food  is  not  chewed  on  one  side,  and  fur 
accumulates  on  the  tongue  on  that  side.  The  mucous  membranes  tend  to  ulcerate 
that  of  the  mouth  being  chafed  by  the  teeth,  the  gums  get  spongy,  the  nasal 
mucous  membrane  tends  to  ulcerate,  so  that  smelling  is  interfered  with,  and 
ammonia  excites  no  reflex  acts,  while  the  eye  undergoes  panophthalmia.] 

FGowers  is  of  opinion  that  the  sensation  of  taste  on  the  posterior  part  of  the  tongue,  soft 
palate,  and  palatine  arch  depends  on  the  fifth  nerve  and  not  on  the  glosso-pharyngeal  nerve.] 

348  VI  NERVUS  ABDTJCENS.— Anatomical.— It  arises  slightly  in  front  of  and  partly 
from  the  nucleus  of  the  facial  nerve  (which  corresponds  to  the  anterior  horij  of  the  spinal  cord), 
from  large-celled  ganglia  in  the  deeper  part  of  the  anterior  region  of  the  fourth  ventricle 
fPTTipnentia  teres  fit'  427).  [Its  nucleus  is  connected  with  the  nucleus  of  the  third  nerve  ot 
{^opposfte  side.  It  appears  at  the  posterior  margin  of  the  pons  (fig.  428,  VI  )..  This  n^rve 
has  a  very  lono-  course  before  it  enters  the  orbit,  and  as  it  bends  over  the  posterior  margin  ot 
the  pons,  it  isliable  to  be  compressed  there  or  from  pressure  upon  the  tentorium  cerebelli,  so 
that  botii  nerves  are  very  liable  to  paralysis.] 

Function.— It  is  the  voluntary  nerve  of  the  external  rectus  muscle.  In  co- 
ordinated movements  of  the  eyeballs,  however,  it  is  involuntary. 

Anastomoses.— Branches  reach  it  from  the  sympathetic  upon  the  cavernous  sinus  (fig.  429). 
A  few  come  from  the  trigeminus,  and  their  function  is  analogous  to  similar  fibres  supplied  to 
the  trochlearis  and  oculomotorius. 

Pathological.— Complete  paralysis  causes  squinting  inwards  [or  convergent  squint]  and  con- 
sequent diplopia.  [The  eye  cannot  be  rotated  outwards  beyond  the  middle  line,  the  double 
images  are  in  the  same  horizontal  plane  and  vertical,  the  false  one  is  to  the  left  of  the  patient's 
eye  when  the  left  eye  is  affected  (fig.  426,  2).  The  feeling  of  giddiness  is  often  severe.  There 
is  secondary  deviation  to  the  inner  side,  and  the  head  is  turned  towards  the  affected  side.]  In 
dot's,  section  of  the  cervical  sympathetic  causes  a  slight  deviation  of  the  eyeball  inwards  (Petit). 
This' is  explained  by  the  fact  that  the  abducens  receives  a  few  motor  fibres  from  the  cervical 
sympathetic.    Spasm  of  the  abducens  causes  external  squint. 

Squint.— In  addition  to  paralysis  or  stimulation  of  certain  nerves  producing  squint,  it  is  to 
be  remembered  that  it  may  also  be  caused  by  a  primary  affection  of  the  muscles  themselves, 
e.g.,  congenital  shortness,  contracture,  or  injuries  of  these  muscles.  It  may  also  be  brought 
about  owing  to  opacities  of  the  transparent  media  of  the  eye  ;  a  person  with,  say  an  opacity 
of  the  cornea,  rotates  the  affected  eye  involuntarily,  so  that  the  rays  of  light  may  enter  the  eye 
through  a  clear  part  of  the  media. 

349.  Vn.  NERVUS  FACIALIS.— Anatomical.— This  nerve  consists  entirely  of  efferent  fibres, 
and  arises  from  the  floor  of  the  fourth  ventricle  from  the  "facial  nucleus"  (fig.  427,  7),  which 
lies  behind  the  origin  of  the  abducens,  and  also  by  some  fibres  from  the  nucleus  of  the  abducens 
[although  Gowers'  observations  do  not  confirm  this  (§  366)].  Other  fibres  arise  from  the 
cerebrum  of  the  opposite  side  (§  378,  I. ).  It  consists  of  two  roots,  the  smaller — portio  inter- 
media of  Wrisberg— forms  a  connection  with  the  auditory  nerve  (see  §  350).  The  original 
fibres  of  the  portio  intermedia  are  developed  from  the  glosso-pharyngeal  nucleus  {Sa,i)olini).  It 
would  thus  appear  that  the  sensory  and  gustatory  fibres  which  are  present  in  the  chorda  tympnni 
enter  it  through  these  fibres  [Duval,  SchuUzc,  Vulpian),  so  that  the  portio  intermedia  is  a  special 
part  of  the  nerve  of  taste,  which  becomes  conjoined  with  the  facial,  and  runs  to  the  tongue  in 
the  chorda.    Along  with  the  auditory  nerve,  it  traverses  tlie  porus  acusticus  internus,  where  it 
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passes  into  the  facial  or  Fallopian  canal.  At  lii'st  it  has  a  transverse  direction  as  far  as  the 
hiatus  of  this  canal ;  it  then  bends  at  an  acute  angle  at  the  "knee"  («)  above  the  tympanic 
cavity,  to  descend  in  an  osseous  canal  in  the  posterior  wall  of  this  space  (fig.  429).  It  emerges 
from  the  stylo-mastoid  foramen,  pierces  the  parotid  gland,  anil  is  distributed  in  a  fan-shaped 
nianui'r  (pes  auscrinus  major).  [The  suporlicial  origin  is  at  the  lower  margin  of  the  pons,  in 
the  (h;i)rossion  between  the  olivary  body  and  the  restifonn  body,  as  indicated  iu  fig.  428, 
VII  ft.] 

Its  branches  are: — 1.  The  motor  large  superficial  petrosal  (J).  It  arises 
from  the  "knee"  or  geniculate  ganglion  within  the  Fallopian  canal,  in  the  cavity 
of  the  skull,  runs  upon  the  anterior  surface  of  the  temporal  bone,  traverses  the 
foramen  lacerum  medium  on  the  under  surface  of  the  base  of  the  skull,  and  passes 
through  the  Vidian  canal  to  reach  the  spheno-palatine  ganglion  (p.  595),  ^  It  is 
uncertain  whether  this  nerve  conveys  sensory  branches  from  the  second  division  of 
the  trigeminus  to  the  facial. 

2.  Connecting  branches  (^)  pass  from  the  geniculate  ganglion  to  the  otic  ganglion. 
For  their  course  and  function,  see  Otic  ganglion  (p.  597). 

3.  The  motor  branch  to  the  stapedius  muscle  (y). 

4.  The  chorda  tympani  (i  i)  arises  from  the  facial  before  it  emerges  at  the 
stylomastoid  foramen  (s),  runs  through  the  tympanic  cavity  (above  the  tendon  of 
the  tensor  tympani,  between  the  handle  of  the  malleus  and  the  long  process  of 
the  incus),  passes  out  of  the  skull  through  the  petro-tympanic  fissure,  and  then 
joins  the  lingual  nerve  at  an  acute  angle  (p.  596,  4).  Before  it  unites  with  this 
nerve,  it  exchanges  fibres  with  the  otic  ganglion  (in).  Thus,  sensory  fibres  can 
enter  the  chorda  from  the  third  division  of-  the  trigeminus,  which  may  run 
ceutripetally  to  the  facial  to  be  distributed  along  with  it.  In  the  same  way,  sensory 
fibres  may  pass  from  the  lingual  nerve  through  the  chorda  into  the  facial  {Longet). 
Stimulation  of  the  chorda— which  even  in  man  may  be  done  in  cases  where  the 
tympanic  membrane  is  destroyed— causes  a  prickling  feeUng  in  the  anterior  margins 
and  tip  of  the  tongue  {Troltsch).  O.  Wolfe  found  that  the  section  of  the  chorda  m 
man  abolished  the  sensibility  for  tactile  and  thermal  stimuli  upon  the  tip  of  the 
tongue  ;  and  the  same  was  true  of  the  sense  of  taste  in  this  region.  It  is  supposed 
by  Calori,  that  these  fibres  enter  the  facial  nerve  at  its  periphery  (especially  through 
the  auriculo-temporal  into  the  branches  of  the  facial),  that  they  run  in  a  centripetal 
direction  in  the  facial,  and  afterwards  pursue  a  centrifugal  course  in  the  chorda. 
[It  is  possible  that  sensory  fibres  pass  from  the  spheno-palatine  ganglion  of  the 
fifth  through  the  Vidian  nerve  and  large  superficial  petrosal  to  enter  the  facial. 
These  fibres  may  be  those  that  appear  in  the  seventh  as  the  chorda  fibres  which 
administer  to  taste.  Bigelow  asserts  that  the  chorda  tympani  is  not  a  branch  of  the 
facial,  but  the  continuation  of  the  nervus  intermedins  of  Wrisberg.]  The  chorda 
also  contains  secretory  and  vaso-dilator  fibres  for  the  sub-maxillary  and  sub-lmgual 

glands  (§  145).  .         ,  , 

Gustatory  Fibres.- The  chorda  also  contains  fibres  admmistermg  to  the  sense  ot 
taste,  for  the  margin  and  tip  of  the  tongue  (anterior  two-thirds),  which  are  conveyed 
to  the  tongue  along  the  course  of  the  lingual.  Urbantschitsch  made  observations 
upon  a  man  whose  chorda  was  freely  exposed,  and  in  whom  its  stimulation  in  the 
tympanic  cavity  caused  a  sensation  of  taste  (and  also  of  touch)  in  the  margins  and 

tip  of  the  tongue.  ,     ,    ,       ^^  - 

It  would  seem,  therefore,  that  the  gustatory  fibres  of  the  chorda  have  their 
origin  in  the  glosso-pharyngeal  nerve.  They  may  reach  the  chorda:—!.  Through 
the  portio  intermedia  of  Wrisberg,  as  already  mentioned. 

2.  There  is  a  channel  beyond  the  stylomastoid  foramen,  viz.,  through  the  ramus  communicans 
cum  c^losso-pharyngeo  (fig.  429),  which  passes  from  the  last  mentioned  nerve  m  that  branch  ol 
tTfadalXhlontains'the  niotor  fibre's  for  the  stylohyoid  and  posterior  belly  of  the  .h^^^^^^^^ 
muscle  (Henle's  N.  styloideus).  This  nerve  also  supplies  muscular  sensibility  to  the  stj  lohj  oid 
and  posterior  belly  of  the  digastric  muscles.  It  s  also  assumed  that  by  means  tl  ''"^f  ° 
moses,  motor  fibres  are  supplied  by  the  facial  to  the  glosso-i-haryngeal  ner\  e.    3.  A  union  ot  tue 
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.^losso-pharynffeal  and  facial  nerves  occurs  in  the  tympanic  cavity.  The  tympanic  bianch  of 
the 'losso-phaVgeal  (A)  passes  into  this  cavity,  where  it  unites  in  the  tympanic  plexus  ^vlth 
the  small  superftdal  pe  losal  nerve  (/3),  which  springs  from  the  knee  on  the  facial  The 
oiistatOT^fE  may  first  pass  into  the  otic  ganglion,  which  is  always  connected  with  the 
Sa  rot  e  cTn  "  ion  1  597,  3).  Lastly,  a  connection  is  described  through  a  twig  (t)  from  the 
pSisftio^orthig^  direct  to  the  facial  trunk  within  the  Fallopian  canal 

(Garibaldi).  .  i>  ii 

According  to  some  observers,  the  chorda  contains  vaso-dilator  fibres  for  the 
anterior  two-thirds  of  the  tongue  {Vuljnan). 

Pseudo-motor  Action.— From  one  to  three  weeks  after  the  section  of  the  hypoglossal  nerve, 
stimulation  of  the  chorda  causes  movements  in  the  tongue  {^Philippeaux  and  Vuljiian).  These 
movements  ai-e  not  so  energetic  as,  and  occur  more  slowly  than,  those  caused  by  stimulation  of 
the  hypoglossal.  Nicotin  first  excites,  then  paralyses,  the  motor  effect  of  the  chorda.  Even  after 
cessation  of  the  circulation,  stimulation  of  the  chorda  causes  movements.   Heidenhain  supposes 


M.  frontalis. 

M.  coiTugator  supevcilii. 
M.  orbicular  palpebr. 


Upper  branches  of  the  Facia!. 

Trunk  of  the  Facial. 

Mm.  retrahens  et  attolens  auricul. 

Muse,  occipitalis. 
Middle  branches  of  the  Facial. 

M.  stylohyoideus. 
M.  digastilcus. 


Lower  branches  of  the  Facial.  — 


M.  compressor  nasi  et  pyram  nasi 
M.  levator  lab.  sup.  alaque  nasi. 
M.  levator  lab.  sup.  propr. 
M.'  zygomatic  minor. 
M.  dilatat.  narium. 
M.  zygomatic,  major. 


M.  orbiculaiis  oris. 


M.  levator  menti. 
M.  quadratus  menti. 
M.  triangularis  menti. 


Fig.  431. 

Motor  points  of  the  facial  nerve  and  the  facial  muscles  supplied  by  it. 


that,  owing  to  the  stimulation  of  the  chorda,  there  is  an  increased  secretion  of  lymph  within 
the  musculature,  which  acts  as  the  cause  of  the  muscular  contractiou.  He  called  this  action 
"pseiido-motor." 

[If,  after  the  union  of  the  central  end  of  the  lingualis  and  the  peripheral  end  of  the  hypo- 
glossal nerve,  the  lingualis  be  stimulated,  there  is  a  genuine  contraction  of  the  musculature  of 
the  tongue,  on  that  side.  A  pseudo-motor  contraction  is  easily  distinguished  from  a  true 
contraction,  for  when  a  telephone  is  connected  with  the  tongue,  on  stimulating  the  hypoglossal 
the  tone  of  the  tetanus  thereby  produced  is  heard,  but  on  stimidating  the  lingual,  although 
the  pseudo-motor  contractions  occur,  no  sound  is  heard  {Eogoivicz).] 

5.  Connection  -with  Vagus.— Before  the  chorda  is  given  off,  the  trunk  of  the  facial  comes 
into  direct  relation  with  the  auricular  branch  of  the  vagus  (5),  which  crosses  it  in  the  mastoid 
canal,  and  supplies  it  with  sensory  nerves  (see  Vagus). 

6.  Peripheral  Branches.— After  the  facial  issues  from  its  canal,  it  supplies 
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motor  fibres  to  the  stylohyoid  and  posterior  belly  of  the  digastric,  occipitalis,  all  the. 
muscles  of  the  external  car,  tlie  muscles  of  expression,  buccinator  and  platysma. 
The  facial  also  contains  secretory  fibres  for  the  face  (compare  §  288). 

Althovifih  most  of  the  brniichps  of  the  fiicial  are  under  the  influence  of  the  will,  yet  most  men 
cannot  voluntarily  move  the  musclcH  of  the  nose  and  ear. 

Anastomoses. — The  branches  of  the  seventh  nerve  on  the  face  anastomose  with 
those  of  the  trigeminus,  whereby  sensory  fibres  are  conveyed  to  the  muscles  of 
expression.  The  sensory  branches  of  the  auricular  branch  of  the  vagus,  and  the 
great  auricular,  enter  the  peripheral  ends  of  the  facial,  and  supply  sensibility  to  the 
muscles  of  the  ear ;  while  the  sensory  fibres  of  the  third  cervical  nerve  similarly 
supply  the  platysma  with  sensibility.  Section  of  the  facial  at  the  stylomastoid 
foramen  is  painful,  but  it  is  still  more  so  if  the  peripheral  branches  on  the  face  are 
divided  (Eecurrent  sensibility,  §  355). 

Pathological. — In  all  eases  of  paralysis  of  the  facial,  the  most  important  point  to  determine 
is  whether  the  seat  of  the  affection  is  in  the  periphery,  in  the  region  of  the  stylomastoid 
foramen,  or  in  the  course  of  the  long  Fallopian  canal,  or  is  central  (cerebral)  in  its  origin.  This 
point  must  be  determined  by  an  analysis  of  the  symptoms.  Paralysis  at  the  stylomastoid 
foramen  is  very  frequently  rheiunatic,  and  probably  depends  upon  an  exudation  compressing 
the  nerve  ;  the  exudation  probably  occupying  the  lymph-space  described  by  Riidinger  on  the 
inner  side  of  the  Fallopian  canal,  between  the  periosteum  and  the  nerve,  and  which  is  a 
continuation  of  the  arachnoid  space.  Other  causes  are— inflammation  of  the  parotid  gland, 
direct  injury,  and  pressure  from  the  forceps  during  delivery.  In  the  course  of  the  canal,  the 
causes  are— fracture  of  the  temporal  bone,  effusion  of  the  blood  into  the  canal,  syphilitic 
efliusions,  and  caries  of  the  temporal  bone  ;  the  last  sometimes  occurs  in  inflammation  of  the 
ear  Amono-st  intracranial  causes  are— affections  of  the  membranes  of  the  brain,  and  of  the 
base  of  the  skull  in  the  region  of  the  nerve,  disease  of  the  "facial  nucleus";  lastly,  affection 
of  the  cortical  centre  of  the  nerve  and  its  connections  with  the  nucleus.  [No  nerve  is  so  liable 
as  the  seventh  to  be  paralysed  independently.] 

Symptoms  of  Unilateral  Paralysis  of  the  Facial  [or  Bell's  Paralysis].—!.  Paralysis  ot  the 
muscles  of  expression  :  The  forehead  is  smooth,  without  folds,  the  eyelids  remain  open 
(lagophthalmus  paralyticus),  the  outer  augle  being  slightly  lower.    The  anterior  surface  of  the 
eye  rapidly  becomes  dry,  the  cornea  is  dull,  as,  owing  to  the  paralysis  of  the  orbicularis  the 
tears  are  not  properly  distributed  over  the  conjunctiva,  and,  in  fact,  in  consequence  of  the 
dryness  of  the  eyeball,  there  may  be  temporary  inflammation  (keratitis  xerotica).    In  order 
to  protect  the  eyeball  from  the  light,  the  patient  turns  it  upwards  under  the  upper  eyehd 
(Bell)  relaxes  the  levator  palpebraj,  which  allows  the  lid  to  fall  somewhat  (Hasse).  nose 
is  immovable,  while  the  naso-labial  fold  is  obliterated.    As  the  nostrils  cannot  be  dilated,  the 
sense  of  smell  is  interfered  with.     The  impairment  of  the  sense  of  smell  depends  more, 
however,  upon  the  imperfect  conduction  of  the  tears,  owing  to  paralysis  ot  the  orbicularis 
palpebrarum  and  Horner's  muscle,  thus  causing  dryness  of  the  corresponding  side  of  the  nasal 
cavity.    Horses,  which  distend  the  nostrils  widely  during  respii-ation,  after  section  of  botli 
facial  nerves,  are  said  by  CI.  Bernard  to  die  from  interference  with  the  respiration,  or  at  least 
thev  suffer  from  severe  dyspuoja  {EllcnUrger).    The  face  is  drawn  towards  the  sound  side,  so  that 
the  nose,  mouth,  and  chin  are  oblique.    Paralysis  of  the  buccinator  interferes  with  the  proper 
formation  of  the  bolus  of  food ;  the  food  collects  between  the  cheek  and  the  gum,  from  which  it 
is  usually  removed  by  the  patient  with  his  fingers  ;  saliva  and  fluids  escape  from  the  angle  ot 
the  mouth.    Dm-ing  vigorous  expiration,  the  cheeks  are  puffed  outwards  like  a  sail,    ihe  speecn 
may  be  affected  owing  to  the  difficulty  of  sounding  the  labial  consonants,  (especially  in  double 
pa/alysis),  and  the  vowels,  u,  it  (ue),  6  (oe)  ;  while  the  speech,  in  paralysis  ot  the  branches  to 
both  sides  of  the  palate,  becomes  nasal  (§  628).    The  acts  of  whistling,  suckmg,  blowing,  and 
spittiucr  are  interfered  with.    In  double  paralysis,  many  of  these  symptoms  are  greatly  in- 
tensified, while  others,  such  as  the  oblique  position  of  the  features,  disappear.    The  features 
are  completely  relaxed  ;  there  is  no  mimetic  play  of  the  features,  the  patients  weep  and  laugh, 
"  as  it  were,  behind  a  mask  "  [Romberg).    2.  In  paralysis  of  the  palate  when  the  uvula  is 
directed  towards  the  sound  side,  and  the  paralysed  half  of  the  palate  hangs  do^vn  and  cannot  be 
raised  (large  superficial  petrosal  nerve),  it  is  not  determined  to  what  extent  this  condition 
Influences  the  It  of  deglutition  and  the  for,nalion  of  the  comonants.    3.  Taste  is  interfered 
with-  either  it  is  absent  on  the  anterior  two-thirds  of  the  tongue  or  the  sensation  is  delajed 
and  altered     This  is  due  to  an  afiection  of  the  chorda.    4.  Diminution  of  saliva  on  the  affected 
s  de  "'s  fik  d^^^^^         by  Arnold  ;  still,  we  must  determine  to  what  '^^^^^^.^ 
Xption  of  the  sense  of  taste  may  cause  a  reflex  interference  with  the  secretion  of  saliva,  or 
^.tSiapid'r^^^^^^^  of  the  saliva'  through  the  opened  lips       ? tt%lf  LSr  SeS 
the  dryness  on  the  aflected  side  of  the  mouth.    5.  Rous  pointed  out  that  hearing  ib  aUectea, 
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the  s^mMlity  to  sounds  being  increased  (oxyakoia  hyperakusis  wiUiBiana)    Jhe  pamly.sls  of 
the  stapedius  inuscle  nmkes  the  stapes  loose  m  the  l^n'^^tm  ovahs  so  tha  all  1^^^^^^^^ 
tvnimnnni  let  virrorouslv  upon  the  stapes,  which  consoquently  excites  coiisiaciabio  vioiatioub  m 
hel^^M  of  t he  i nn  1  an    More  rarely,  iu  paralysis  of  the  stapedius  it  has  been  observed  that 
lovv  notes  ai^  heard  at  a  ffreater  distance  than  on  the  sound  side  (/«  Mov  ).    6.  As  the 
afi  rnr  aj^^i  to  contain  fibi.s  for  the  Becretion  of  sweat  tin.  expkin^^  the  loss  of  the 
newer  of  sweating  in  the  face  when  the  nerve  begins  to  atrophy  {htrauss,  UoUi). 
^  SectiL  of  the  fecial  in  young  animals  causes  atrophy  of  the  '^^"^^"'^"Hi'Zes  of  the 
facial  bones  are  also  imperfectly  developed  ;  they  remain  f/^^l'^V' ^J^^l  f 
sound  side  of  the  face  grow  towards,  and  ultimately  across,  the  middle  line  to\vaids  the  attected 
(Brown- Smiard).    The  saUvary  glands  also  remain  smaller.  .       -^i  r 

StinZion-or  irritation  in  the  area  of  the/«««Z-causes  partial  or  '^^tensive  either  toct 
or  reflex  tonic  or  clonic  spasms.  The  extensive  forms  are  known  as  mimetic  facial  spasm. 
Amono-st  the  partial  fomfs  are  to«ic  contraction  of  the  cydid  (blepharospasm),  which  is  most 
commmi ;  and  is  caused  reflexly  by  stimulation  of  the  sensory  nerves  o  the  eye,  e.g.  scroMpus 
ophthalmia,  or  from  excessive  sensibility  of  the  retina  (photophobia).  More  rarely,  the  excite- 
ment proceeds  from  some  more  distant  part,  e.g..,  m  one  cause  recorded  by  v.  Graf e,  from 
iullammatory  stimulation  of  the  anterior  palatine  arch.  The  centre  for  the  reflex  is  the  facial 
nucleus  The  clonic  form  of  siiasm—spasmodic  winking  (spasmus  nictitans)— is  usually  of 
reflex  origin,  due  to  irritation  of  the  eye,  the  dental  nerves,  or  even  of  more  distant  nerves 
In  severe  cases,  the  attection  may  be  bilateral,  and  the  spasms  may  extend  to  the  muscles  of 
the  neck,  trunk,  and  upper  extremities.  Contraction  of  the  muscles  of  the  hp  may  be  excited 
by  emotions  (rage,  grief),  or  reflexly.  Fibrillar  contractions  occur  after  section  of  the  facial  as 
a^"  degeneration-phenomenon"  (p.  476).  [If  the  facial  be  torn  out  at  the  stylomastoid 
forameS,  there  is  paralytic  oscillation  of  the  lip  muscles  [Sclnff]  If,  m  such  an  animal  the 
posterior  root  of  the  annulus  of  Vieussens  be  stimulated  electrical  y,  as  it  contains  vaso-dilator 
fibres  (Dastreand  Moral),  not  only  do  the  blood-vessels  of  the  cheek  and  hps  dilate,  but  the 
veins  pulsate  and  florid  blood  escapes  from  the  veins,  just  as  occurs  in  the  sub-maxiUary  gland 
when  the  chorda  is  stimulated.  On  stimulating  the  ansa,  after  section  of  the  seventh,  there  is 
a  pseudo-motor  effect  on  the  muscles  of  the  cheek  and  lips,  so  that  there  is  an  ana  ogy  between 
the  chorda  and  the  ansa  {Rogowicz).-\  Intracranial  stimulation  of  the  most  varied  description 
may  cause  spasms.  Lastly,  facial  spasm  maybe  part  of  a  general  spasmodic  condition,  as  in 
epilepsy,  chorea,  hysteria,  tetanus.  Aretaeus  (81  a.d.)  made  the  interesting  observation  that 
the  muscles  of  the  ear  contracted  during  tetanus.  Vei-y  rarely  have  spasmodic  elevation  of  the 
palate  and  increased  salivation  been  described  as  the  result  of  irritation  of  the  facial  {Lcube). 
Moos  observed  a  profuse  secretion  of  saliva  on  stimulating  the  chorda  diu'ing  an  operation  on 
the  tympanic  cavity. 

350.  VIII.  NEEVUS  ACUSTICUS.— Arises  by  roots  [Stieda)  ;  a  larger  anterior  and  a 
smaller  posterior  one.  From  the  former  proceeds  the  vestibular  nerve,  and  from  the  latter  the 
cochlear  nerve ;  these  are  separated  iu  the  sheep  and  horse  {Hwbaczeivski).  Each  root  springs 
from  a  median  and  a  lateral  nucleus,  so  that  there  are  four  nuclei.  Some  fibres  come  from  the 
cerebellum,  and  these  may  be  connected  with  equilibration.  The  chief  mass  of  the  posterior 
ganglion  fibres  of  the  cochlear  nerve  cross  and  pass  to  the  corpora  quadrigemina,  the  internal 
geniculate,  and  finally  to  the  temporo-sphenoidal  lobe  (§  378,  IV.,  2).  After  extirpation  of  the 
temporo-sphenoidal  lobe,  these  fibres  atrophy  into  the  internal  capsule  and  internal  geniculate 
Ibody  (v.  Monakow).  The  striie  acustica;  form  a  second  decussating  projection  system.  The 
origin  of  both  acoustic  nerves  are  connected  by  comrhissures  in  the  brain  (Flechsig). 

In  the  course  of  the  internal  auditory  meatus,  the  auditory  and  portio  intermedia  of  the  facial 
exchange  fibres,  but  the  physiological  significance  of  this  is  unknown. 

Function. — The  acusticus  or  auclitory  nerve  has  a  double  function  : — 1.  It  is 
the  nerve  of  hearing ;  when  stimulated,  either  at  its  origin,  in  its  course,  or  at  its 
peripheral  terminations,  it  gives  rise  to  sensations  of  sotmd.  Every  injury,  accord- 
ing to  its  intensity  and  extent,  causes  hardness  of  hearing  or  even  deafness. 

2.  Quite  distinct  from  the  foregoiug  is  the  other  function,  which  depends  upon 
the  semicircular  canals,  viz.,  that  stimulation  of  the  periphei'al  expansions  in  the 
amiDuUse  influences  the  movements  necessary  for  maintaining  the  equilibrium  of 
the  body. 

Brenner's  Formula. — The  relation  of  the  auditory  nerve  to  the  galvanic  current  is  very 
important.  In  healthy  persons,  when  there  is  closure  at  the  cathode,  there  is  the  sensation  ol' 
a  clang  (or  tone)  iu  the  ear,  which  continues  with  variations  while  the  current  is  closed.  When 
the  anode  is  opened,  there  is  a  feebler  tone  (Brenner's  Normal  Acoustic  Formula).  This  clang 
coincides  exactly  with  the  resonance  fundamental  tone  of  the  sound-conducting  apparatus  of  the 
ear  itself. 
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Pathological. — Increased  sensibility  of  the  auditory  nerve  in  any  part  of  its  course,  its  centre, 
or  peripheral  expansions  causes  the  condition  known  as  hyperakusis,  which  usually  is  a  sign  of 
greatly  increased  nervous  excitability,  as  in  hysteria.  When  excessive,  it  may  give  rise  to 
distinctly  paiufnl  iuiprossious,  which  condition  is  known  as  acouBtic  hyperalgia  (Eulcnhmy). 
StLmnlation  of  the  parts  above-naniiad  causes  sensations  of  sound,  the  most  common  being  the 
sensation  of  singini/  in  the  cais,  or  tinnitus.  This  condition  is  often  due  to  changes  in  tlie 
amount  of  blood  in  the  blood-vessels  of  tlie  ear— either  aufemic  or  hyperaimic  stimulation. 
There  is  well-marked  tinnitus  after  large  doses  of  quinine  or  salicin,  due  to  the  vaso-motor 
cfl'ect  of  these  drugs  upon  the  vessels  of  the  labyrinth  (Kirchner).  Not  unfrequently,  in  cases 
of  tinnitus,  the  reaction  due  to  the  galvanic  current  is  often  increased.  More  rarely  there  is 
the  so-called  "paradoxical  reaction" — i.e.,  on  applying  the  galvanic  current  to  one  ear,  in 
addition  to  the  reaction  in  this  ear,  there  is  the  opposite  result  in  the  non-stimulated  ear.  In 
other  cases  of  disease  of  the  auditory  nerve,  noises  rather  than  musical  notes  are  produced  by 
the  current ;  stinmlation,  especially  of  the  cortical  centre  of  the  auditory  nerve,  chiefly  in 
lunatics,  may  cause  auditory  delusions  (§  378,  IV.).  According  as  the  excitability  of  the 
auditory  nerve  is  diminished  or  abolished,  there  is  the  condition  of  nervous  hardness  of  hearing 
(hypakusis),  or  nervous  deafness  (anakusis). 

The  Semicircular  Canals  of  the  Lahyrinth.— Section  or  injury  to  these  canals 
does  not  interfere  with  hearing,  but  other  important  symptoms  follow  their  injury, 
such  as  disturbances  of  equilibrium  due  to  a  feeling  of  giddiness,  especially  when 
the  injury  is  bilateral  {Fioitrens).    This  does  not  occur  in  fishes  (Kieselbach).  ^  The 
pendulum-like  movement  of  the  head,  in  the  direction  of  the  plane  of  the  injured 
canal,  is  very  characteristic.    If  the  horizontal  canal  be  divided,  the  head  (of  _  the 
pigeon)  is  turned  alternately  to  the  right  and  left.  The  rotation  takes  place,  especially 
when  the  animal  is  about  to  execute  a  movement :  when  it  is  at  rest,  the  movement 
is  less  pronounced.    The  phenomenon  may  last  for  months,  and  injury  to  the 
posterior  vertical  canals  causes  a  well-marked  up  and  down  movement  or  nodding  of 
the  head,  the  animal  itself  not  unfrequently  falling  forwards  or  backwards.  Injury 
to  the  siiperior  vertical  canals  also  causes  pendulum-like  vertical  movements  of  the 
head,  while  the  animal  often  falls  forwards.    When  all  the  cawaZs  are  destroyed, 
various  pendulum-like  movements  are  performed,  while  standing  is  often  impossible. 
Breuer  found  that  electrical  stimulation  of  the  canals  caused  rotation  of  the  head, 
while  Landois,  on  applying  a  solution  of  salt  to  the  canals,  observed  pendulum- 
like movements,  which,  however,  disappeared  after  a  time.    A  25  per  cent,  solu- 
tion of  chloral  dropped  into  the  ear  of  a  rabbit  causes,  after  fifteen  minutes,  a 
similar  destruction  of  the  canals  ( Vulpian).    Section  of  the  acoustic  nerves  within 
the  cranium  has  the  same  result  (Bechterew). 

Explanation.— Goltz  regards  the  canals  as  organs  of  sense  for  ascertaining  the  equilibrium  or 
position  of  the  head  in  space ;  Mach,  as  an  organ  for  ascertaining  the  movements  of  the  head 
According  to  Goltz's  statical  theory,  every  position  of  the  head  causes  the  endolymph  to  exert 
the  greatest  pressure  upon  a  certain  part  of  the  canals,  and  thus  excites  in  a  varying  degree  the 
nerve-terminations  in  the  ampullee.  According  to  Breuer,  when  the  head  is  rotated,  currents 
are  produced  in  the  endolymph  of  the  canals,  which  must  have  a  fixed  relation  to  the  direction 
and  extent  of  the  movements  of  the  head,  and  these  currents,  therefore,  when  they  are  perceived, 
afford  a  means  of  determining  the  movement  of  the  head.  The  nervous  end-organs  of  tlie 
ampulhe  are  arranged  for  ascertaining  this  perception.  If  the  semicircular  canals  are  an  appa- 
ratus-in  fact,  "  sense-organs  "—for  the  sensation  of  the  equUibrmm,  and  if  their  function  is 
to  determine  the  position  or  movements  of  the  head,  necessarily  their  desti-uction  or  stimulation 
must  alter  these  perceptions,  and  so  give  rise  to  abnormal  movements  of  the  head.  Vulpian 
re<^ards  the  rotation  of  the  head  as  due  to  strong  auditory  perceptions  (?)  in  consequence  ot 
affections  of  the  canals.  Bottcher,  Tomaszewicz,  and  Baginsky  regard  the  injury  to  the  cere- 
bellum as  the  cause  of  the  phenomena.  The  pendulum-like  movements  however,  are  so 
characteristic  that  they  cannot  be  confounded  with  disturbances  of  the  equilibrium  which  result 

from  iniurv  to  the  cerebellum,  ,      j.  ^  i  „„„;„„i,t 

FKinetic  Theory. -In  1875  Crum  Brown  pointed  out  that,  if  a  person  be  rotated  passively, 
his  eves  being  bandaged,  he  can,  up  to  a  certain  point,  indicate  pretty  accurately  the  amount 
0  movementf  but  after  a  time,  this  cannot  be  done,  and  if  the  rotation  as  on  a  POtter  s^^^^^^^^^ 
be  stopped,  the  sense  of  rotation  continues.  Crum  Brown  suggested  that  currents  ^^ere  pi^duced 
m  tSdolymph,  while  the  terminal  hau-cells  lagged  behind,  and  /^"^  5 ^^.['^f f^^^^^^^^^ 
the  fluid.  He  pointed  out  that  the  right  posterior  canal  is  in  line  with  the  left  ^^^  ^^'  ^^^ 
the  left  posterior  witli  the  right  superior,  a  fact  which  is  readily  observed  by  looking  trom 
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behind  at  a  skull,  with  the  semicii-culai-  canals  exposed  (fig.  432).  He  assumes  that  the  canals 
arrpaived  ojans;  and  that  each  pair  is  connected  with  rotation  or  movement  of  the  head  m  a 
particular  direction.] 

Giddiness.  This  feeling  of  false  impressions  as  to  the  relations  ot  the  surrouna- 

ings  and  consequent  movements  of  the  body,  occurs  especially  during  acquired 
changes  in  the  normal  movements  of  the  eyes,  whether  lS>^  /  RS 

due  t°o  involuntary  to  and  fro  movements  of  the  eye- 
balls (nystagmus),  or  to  paralysis  of  some  eye  muscle. 

Active  or  passive  movements  of  the  head  or  of  the 
body  are  normally  accompanied  by  simultaneous  move- 
ments of  both  eyeballs,  which  are  characteristic  for 
every  position  of  the  body.  The  general  character  of 
these  "compensatory  "  bilateral  movements  of  the  eyes 
consists  in  this,  that  during  the  various  changes  in  the  j^-py^ 
position  of  the  head  and  body,  the  eyes  strive  to  main-  ^^2. 
tain  their  primary  passive  position.    Section  of  the  ^{^^  disposition  of 

aqueduct  of  Sylvius  at  the  level  of  the  corpora  qua-    the  semicircular  canals.  KS 
drigemina,  of  the  floor  of  the  fourth  ventricle,  of    and  LS,  right  and  left  supe- 
the  auditory  nucleus,  both  acustici,  as  well  as  de-    rior ;  LP  and  RP  right  and 
.  1  11     •  4.1  „  „„„„„„  A'.c      left  posterior;  LE  and  EE, 

struction  of  both  membranous  labyrinths,  causes  dis-    right  and  left  external, 
appearance  of  these  movements;  while,  conversely, 

stimulation  of  these  parts  is  followed  by  bilateral  associated  movements  of  the 
eyeballs. 

Compensatory  movements  of  the  eyeballs,  under  normal  circumstances,  may  be 
caused  reflexly  from  the  membranous  labyrinth.  Nerve  channels,  capable  of  excit- 
ing reflex  movements  of  both  eyes,  proceed  from  both  labyrinths,  and,  indeed,  both 
eyes  are  affected  from  both  labyrinths.  These  channels  pass  through  the  auditory 
nerve  to  the  centre  (nuclei  of  the  3rd,  4th,  6th,  and  8th  cranial  nerves),  and  from 
the  latter  efferent  fibres  pass  to  the  muscles  of  the  eye  {Hogyes). 

Cyon  found  that  stimulation  of  the  horizontal  semicircular  canal  was  followed  by  horizontal 
nystagmus ;  of  the  posterior,  by  vertical,  and  of  the  anterior  canal,  by  diagonal  nystagmus. 
Stimulation  of  one  auditory  nerve  is  followed  by  rotating  nystagmus,  and  rotation  of  the  body 
of  the  animal  on  its  axis  towards  the  stimulated  side. 

Poisons. — Chloroform  and  other  poisons  enfeeble  the  compensatory  movements  of  the  eye- 
balls, while  nicotin  and  asphyxia  suppress  them,  owing  to  their  action  on  their  nerve-centi-e. 

It  is  probable  that  the  disturbances  of  equilibrium  and  the  feeling  of  giddiness 
which  follow  the  passage  of  a  galvanic  current  through  the  head  between  the  mastoid 
processes,  are  also  due  to  an  action  upon  the  semicircular  canals  of  the  labyrinth 
(§  300).  Deviation  of  the  eyeballs  is  produced  by  .such  a  galvanic  current  {Hitzig). 
The  same  result  is  produced  when  the  two  electrodes  are  placed  in  the  external 
auditory  meatuses. 

Pathological. — Meniere's  Disease. — The  feeling  of  giddiness,  not  unfrequently  accompanied 
by  tinnitus,  which  occurs  in  Meniere's  disease,  must  be  referred  to  an  affection  of  the  nerves  of 
the  ampullfe  or  their  central  organs,  or  of  the  semicircular  canals  themselves.  By  injecting  fluid 
violently  into  the  ear  of  a  rabbit,  giddiness,  with  nystagmus  and  rotation  of  the  head  towards 
the  side  operated  on,  are  produced  (Baginsky).  In  cases  in  man,  where  the  tympanic  membrane 
was  defective,  Lucse,  when  employing  the  so-called  ear-air-douche  at  O'l  atmosphere,  observed 
abduction  of  the  eyeball  with  diplopia,  giddiness,  darkness  in  front  of  the  eyes,  while  the 
respiration  was  deeper  and  accelerated.  These  phenomena  must  be  due  to  stimulation  or  ex- 
haustion of  the  vestibular  branch  of  the  auditory  nerve  [Hiigyes).  In  chronic  gastric  catarrh, 
a  tendency  to  giddiness  is  an  occasional  symptom  (Trousseau's  gastric  giddiness).  This  may, 
perhaps,  be  caused  by  stimulation  of  the  gastric  nerves  exciting  the  vaso-motor  nerves  of  the 
labyrinth,  which  must  affect  the  pressure  of  the  endolymph.  Analogous  giddiness  is  excited 
from  the  larynx  {Charcot),  and  from  the  urethra  {Erlcnmcyer). 

[Vertigo  or  ^ddiness  is  a  very  common  symptom  in  disease,  and  may  be  produced  by  a  gi'eat 
many  different  conditions.  It  literally  means  "a  turning."  As  Gowers  points  out,  the  most 
common  symptom  is  that  the  patient  himself  has  a  sense  of  movement  in  one  or  other  direction ; 
or  objects  may  appear  to  move  before  him ;  and  more  rarely  there  is  actual  movement  "  com- 
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monly  in  tho  same  direction  as  tlie  subjoctivo  sense  of  movement."  It  is  sometimes  due  to  a 
want  of  harmony  between  tho  impressions  derived  from  ditferent  sense-organs  or  "  contra- 
dictoriness  of  sensory  impressions  [Omiiujcr  Stewart),  as  is  sometimes  felt  on  ascending  or 
descendin'^"'  a  stair,  or  by  some  persons  while  standing  on  a  high  tower,  constituting  tower  or 
cliif  "iddinoss.  One  of  tho  most  remarkable  conditions  is  that  called  "  agoraphobia  "  {Benedikl, 
Wcstphal)  Tho  person  can  walk  quite  well  in  a  narrow  lane  or  street,  but  when  he  attempts 
to  cross  a  wide  sciuare,  ho  experiences  a  feeling  closely  allied  to  giddiness.  The  giddiness  of 
sea-sickness  is  proverbial,  while  some  persons  get  giddy  with  waltzing  or  swinging,  liesides 
occurring  in  Meniere's  disease,  it  sometimes  occurs  in  locomotor  ataxia,  and  some  cerebral  and 
cerebellar  alfections,  including  cerebral  amemia.  Very  distressing  giddiness  and  headache  are 
often  produced  by  paralysis  of  some  of  the  ocular  muscles,  e.g.,  the  external  rectus.  Deleetive 
or  perverted  ocular  impressions,  as  well  as  similar  auditory  impressions,  may  give  rise  to  vertigo  ; 
in  the  latter  or  labyrinthine  form  the  vertigo  may  be  very  severe.  Severe  vertigo  is  olten  ac- 
companied by  vomiting.  A  hard  plug  of  ear-wax  may  press  on  the  membrana  tympaui  and 
cause  severe  giddiness.  The  forms  of  dyspeptic  giddiness  and  the  toxic  forms  due  to  the  abuse 
of  alcohol,  tobacco,  and  some  other  drugs  are  familiar  examples  of  this  condition.  J 

rTinnitus  Aurhim,  or  subjective  noises  in  the  ear,  is  a  very  common  syniptom  in  disease  ot 
the  ear;  the  noise  may  be  continuous  or  discontinuous,  be  buzzing,  singing,  or  rumbling  in 
character.] 

•^fSl  IX  NEEVUS  GLOSSO-PHARYNGEUS.— Anatomical.  — This  nerve  (fig.  429,  9)  arises 

from  the  nucleus  of  the  same  name,  which  consists  pai;tly  of  large  cells  f  °' 

small  cells  (belonging  to  the  gustatory  fibres).  The  nucleus  lies  in  the  lower  half  of  the  fourth 
Sicle  deep  iiAh?  medulll  oblongata,  near  the  olive  (fig,  427),  and  I-^Jf'^;;  ^/.f^^^^^^^^^ 
that  of  the  vagus.  The  anterior  part  of  the  central  nucleus  is  ^^Sf 'l^^f^^/^^^^^^'^  1'°?^° 
i-ntpriiipdii  of  the  facial  f5  349).  The  nerve  also  receives  fibres  from  the  vagal  centies.  ine 
ftbS  S^^^^  to IrunL,  Uieh  afterwards  unite  and  leave  the  medulla  oblongata  xu^^^^^^^ 
of  the  vagus.  In  the  fossula  petrosa  it  has  on  it  the  petrous  ganghon,  fi-om  which,  occas  on- 
illv  a  special  part  on  the  posterior  twig  is  separated  within  the  skull  as  the  ganglion  of  Ehren- 
f^tk  ^oZlSm^ing  Tranches  are  sent  from  the  petrous  ganglion  to  the  trigeminus,  facia 
?and  .)  r^s  and  cfrotid  plexus.  From  this  ganglion  also  the  tympanic  ^erve  iX  ascend^ 
veiticaU  in  the  tympanic  cavity,  where  it  unites  with  the  tympanic  plexus.  This  branch 
rfsTo  4^  <i  ves  IXt  fibres  to  the  tympanic  cavity  and  the  Eustachian  tube  ;  while  in  the 
tTk  l^oT^^S  l^^^^  fibres  fo^-  the  parotid 'into  the  small  superficial  petrosal  nerve 

Fimction.— 1.  It  is  the  nerve  of  taste  for  the  posterior  third  of  the  tongue,  the 
lateral  part  of  the  soft  palate,  and  the  glosso-palatine  arch  (compare  §  422).  yihis 

is  denied  by  Gowers  (p.  600).]  •,    xi,  v  i 

The  nerve  of  taste  for  the  anterior  two-thirds  of  the  tongue  is  i^eferred  to  under  tbe  lingual 
(S  347  ill!  4  and  chorda  tympani  nerves  (§  349,  4).    The  glossal  branches  are  prov^^ed  mth 
gangUa,  especiiuy  where  the  nerve  divides  at  the  base  of  the .  7cuy allate  papill|  (^^ 
Kollikcr,  Stirling).    The  nerve  ends  in  the  circumvallate  papilla;  (fig.  429,  U),  and  tne  ena 
oreaiis  are  represented  by  the  taste  bulbs  (§  422).  4. 

2  It  is  the  sensory  nerve  for  the  posterior  third  of  the  tongue,  the  anterior 
surface  of  the  epiglottis,  the  tonsils,  the  anterior  palatine  arch,  tl^^/^P^/^*^' 
a  part  of  the  pharynx.    From  this  nerve  there  may  be  discharged  refif^,^^^ 
ments  of  deglutition,  of  the  palate  and  pharynx,  which  may  pass  ^^l^Jhosej^^ 
vomiting  (§  158).    These  fibres,  like  the  gustatory  fibres,  can  excite  a  refiex  secre 

*'°^1tt'mo4i  for  the  stylo-pharyngeus  and  middle  constrictor  of  the  pharjmx 
(VolJcmann)  ;  and,  according  to  other  observers,  to  the  (1)  glosso-palatmus  {Hem} 
ind  the  (/^)  levator  veli  palatini  and  azygos  uvul^  (compare  Sphem-palatme 
Znalion  \  347,  II.).  It  is  doubtful  whether  the  glosso-pharyngeal  nerve  is  really 
fmo tor  n  rve  at  its  origin- although  Meynert  and  others  have  described  a  motor 
nudeus-or  whether  the  motor  fibres  reach  the  nerve  at  the  petrous  ganglion, 
fchrouo-h  the  communicating  branch  from  the  facial. 

T  A  twig  accompanies  the  l^^gual  artery  ;  this  nerve,  perhaps,  is  vaso-dilator  f or  the  lingual 
^^plhor|cal.-There  are  no  satisfactory  observations  on  man  of  uncomplicated  affections  of 
the  glosso-pharyngeal  nerve. 

ri^O  X    NERVUS  VAGUS. -Anatomical. -The  nucleus  from  which  t^e  vagus  arise^ 
alo?g?vitf  thf^tlS  nth  nerve  is  in  (1)  the  ala  cinerea  in  the  lower  half  of  the  calamu. 
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)rius  (fif  427  10)  [and  it  is  very  probably  the  representative  of  the  cells  of  the  vesicular 
n  of  Clarke'  (§  366)].  (2)  Other  tibres  come  from  the  "longitudinal  bundle"  or 
iratory  bundle"  lying  outside  the  nucleus,  and  reaching  down  into  the  cervical  enlarge- 


scriptori 
column 

"  respiratory  bundle  "  lyii^B  ,  .  -   ,  0     .       „  .-4.1    „,  ik. 

mont  (3)  A  motor  nucleus-the  nucleus  ambiguus-a  prolongation  of  some  ot  the  cells  ot  the 
anterior  horn  of  the  spinal  cord,  gives  some  motor  fibres.  It  leaves  the  medulla  oblongata  by 
10  to  15  threads  behind  the  9th  nerve,  between  the  divisions  of  the  lateral  column,  and  Ima  a. 
ganglion  (jugular)  upon  it  in  the  jugular  foramen  (Hg.  428,  VIII).  Its  branches  contain 
fibres  which  subserve  ditlerent  functions. 

1.  The  sensory  meningeal  branch  from  the  jugular  ganglion  accompanies  the 
vaso-motor  fibres  of  the  sympathetic  on  the  middle  meningeal  artery,  and  sends 
fibres  to  the  occipital  and  transverse  sinus. 

"When  it  is  irritated,  as  in  congestion  of  the  head  and  inflammation  of  the  dura  mater,  it  gives 
rise  to  vomiting. 

2.  The  auricular  branch  (fig.  433,  au.)  from  the  jugular  ganglion  receives  a 
communicating  branch  from  the  petrous  ganglion  of  the  9th  nerve,  traverses  the 
canaliculus  mastoideus,  crossing  the  course  of  the  facial,  with  which  it  exchanges 
fibres  whose  function  is  unknown.  On  its  course,  it  gives  sensory  branches  to 
the  posterior  part  of  the  auditory  meatus,  and  the  adjoining  part  of  the  outer  ear. 
A  branch  runs  along  with  posterior  auricular  branch  of  the  facial,  and  confers 
sensibility  on  the  muscles. 

AVhen  this  nerve  is  irritated,  either  through  inflammation  or  by  the  presence  of  foreign 
bodies  in  the  outer  ear  passage,  it  may  give  rise  to  vomiting.  Stimulation  of  the  deep  part  of 
the  external  auditory  meatus  in  the  region  supplied  by  the  auricular  branch  causes  coughing 
reflexly  [e.g.,  from  the  presence  of  a  pea  in  the  ear].  Similarly,  contraction  of  the  blood-vessels 
of  the  ear  may  be  caused  reflexly  [Snellen,  Loven). 

The  nerve  is  the  remainder  of  a  considerable  branch  of  the  vagus  which  exists  m  fishes  and 
the  larvaj  of  frogs,  and  runs  under  the  skin  along  the  side  of  the  body. 

3.  The  connecting  branches  of  the  vagus  are  : — (1)  A  branch  which  directly 
connects  the  petrous  ganglion  of  the  9th  with  the  jugular  ganglion  of  the  10th ; 
its  function  is  unknown.  (2)  Directly  above  the  plexus  gangliiformis  vagi,  the 
vagus  is  joined  by  the  whole  inner  half  of  the  s^jmaZ  accessory.  This  nerve  conveys 
to  the  vagus  the  motor  fibres  for  the  larynx,  and  the  cervical  -part  of  the  oesophagus 
(which  according  to  Steiner  lie  in  the  inner  part  of  the  nerve-trunk),  as  well  as  the 
inhibitory /6res  for  the  heart  {CL  Bernard).  (3)  The  plexus  gangliiformis  fibres, 
whose  function  is  unknown,  join  the  trunk  of  the  vagus  from  the  hypoglossal, 
superior  cervical  ganglion  of  the  sympathetic,  and  the  cervical  plexus. 

4.  Pharyngeal  Plexus.- — The  vagus  sends  one  or  two  branches  (fig.  433,  2)  from 
the  upper  part  of  the  plexus  gangliiformis  to  the  pharyngeal  plexus,  where  at  the 
level  of  the  middle  constrictor  of  the  pharynx,  it  is  joined  by  the  pharyngeal  branches 
of  the  9th  nerve  and  those  of  the  upper  cervical  sympathetic  ganglion,  near  the 
ascending  pharyngeal  artery,  to  form  the  pharyngeal  p)lexus.  The  vagal  fibres  in 
this  plexus  supply  the  three  constrictors  of  the  pharynx  with  motor  fibres,  while  the 
tensor  palati  {Otic  ganglion,  §  347,  III.)  and  levator  of  the  soft  palate  (compare 
Spheno-palatine  ganglion,  §  347,  II.)  also  receive  motor  (?  sensory)  fibres.  Sensory 
fibres  of  the  vagus  from  the  pharyngeal  plexus  supply  the  pharynx  from  the  part 
beneath  the  soft  palate  downwards.  These  fibres  excite  the  pharyngeal  constric- 
tors reflexly,  during  the  act  of  swallowing  (§  156).  If  stimulated  very  strongly, 
they  may  cause  vomiting.  (The  sympathetic  fibres  of  the  CESophageal  plexus  give 
vaso-motor  nerves  to  the  oesophageal  vessels ;  for  the  oesophageal  branches  of  the 
9th  nerve  see  above.) 

5.  The  vagus  supplies  two  branches  to  the  larynx,  the  superior  and  inferior 
laryngeal. 

(a)  The  superior  laryngeal  (fig.  433,  3)  receives  vaso-motor  fibres  from  the 
superior  cervical  ganglion  of  the  sympathetic.  It  divides  into  two  branches,  external 
and  internal : — (1)  The  external  branch  receives  vaso-motor  fibres  from  the  same 
source  (they  accompany  the  superior  thyroid  artery),  and  supply  the  crico-thyroid 


Fig.  433.  , 
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muscle  with  motor  fibres,  and  sensory  fibres  to  the  lower  lateral  portion  of  the 
laryngeal  mucous  membrane.  (2)  The  internal  branch  gives  off  sensory  branches 
only  to  the  glosso-epiglottidean  told,  and  the  adjoining  lateral  region  of  the  root  of 
the  tongue,  the  aryepiglottidean  fold,  and  to  the  wliole  anterior  part  of  the  lai-ynx, 
except  the  part  supplied  by  the  external  branch  {Longet).  Stimulation  of  any  of 
these  sensory  fibres  causes  coughing  refiexly.  Coughing  is  produced  by  stimula- 
tion of  the  boundaries  of  the  glottis  respiratoria,  but  not  of  the  vocal  cords,  and 
by  stimulation  of  the  sensory  branches  of  the  vagus  to  the  tracheal  mucous  mem- 
brane, especially  at  the  bifurcation,  and  also  from  the  bronchial  mucous  membrane 
(Kohts).  Coughing  is  also  caused  by  stimulation  of  the  auricular  branch  of  the 
vagus,  especially  in  the  deep  part  of  the  external  auditory  meatus,  of  the  pulmonary 
tissue,  especially  when  altered  pathologically;  in  pathological  conditions  (inflamma- 
tion) of  the  pleura  (?  certain  changes  in  the  stomach  [stomach-cough]),  of  the  liver 
and  spleen  {Naimyn).  The  coughing  centre  is  said  to  lie  on  each  side  of  the 
raphe,  in  the  neighbourhood  of  the  ala  cinerea  {Kohts).  Cases  of  violent  coughing 
may,  owing  to  stimulation  of  the  pharynx,  be  accompanied  by  vomiting  as  an  asso- 
ciated movement  (§  120). 

In  many  individuals,  coughing  can  be  excited  by  stimulation  of  distant  sensory  nerves  (§  120, 1), 
e.g.,  from  the  outer  ear  (auricular  nerve),  nasal  mucous  membrane,  liver,  spleen,  stomach, 
intestine,  uterus,  mammoe,  ovaries,  and  even  from  certain  cutaneous  areas  {Ebstein).  It  is  un- 
certain if  these  conditions  act  directly  upon  the  coughing  centre,  or  first  of  all  aifect  the  vascu- 
larisation  and  secretion  of  the  respiratory  organs,  which  in  their  turn  aifect  the  coughing  centre. 

The  cough  (dog,  cat)  caused  by  stimulation  of  the  trachea  and  bronchi  occurs  at  once,  and 
lasts  as  long  as  the  stimulus  lasts  ;  in  stimula.tion  of  the  larynx,  the  first  effect  is  inhibition 
of  the  respiration  accompanied  by  movements  of  deglutition,  while  the  cough  occurs  after  the 
cessation  of  the  stimulation  {Kandarazky). 

The  superior  laryngeal  contains  afferent  fibres  which,  when  stimulated,  cause  arrest  of  tlie 
respiration  and  closure  of  the  rima  glottidis  {Rosenthal) — (see  Respiratory  centre,  §  368).  Lastly, 
fibres  which  are  efferent  and  serve  to  excite  the  vaso-motor  centre,  and  are  in  fact  "pressor 
fibres" — (see  Vaso-motor  centre,  §371,  II.). 

(b)  The  inferior  laryngeal  or  recurrent  bends  on  the  left  side  around 
the  arch  of  the  aorta,  and  on  the  right  around  the  subclavian,  and  ascends  in  the 
groove  between  the  trachea  and  oesophagus,  giving  motor  fibres  to  these  organs, 
and  the  lower  constrictors  of  the  pharynx,  and  passes  to  the  larynx,  to  supply 
motor  fibres  to  all  its  muscles,  except  the  cricothyroid.  It  also  has  an  inhibitory 
action  upon  the  respiratory  centre  (see  §  368). 

A  connecting  branch  runs  from  the  superior  laryngeal  to  the  inferior  (the  anastomosis  of 
Galen),  which  occasionally  gives  0^  sensory  branches  to  the  upperhalfof  the  trachea  (sometimes 
to  the  larynx  ?)  ;  perhaps  also  to  the  oesophagus  {Longet),  and  sensory  fibres  (?)  for  the  muscles 
of  the  larynx  supplied  by  the  recurrent  laryngeal.  According  to  Frangois  Frauck,  sensory  fibres 
pass  by  this  anastomosis  from  the  recurrent  into  the  superior  laryngeal.  According  to  Waller 
and  Burckhard,  the  motor  fibres  of  both  laryngeal  nerves  are  all  derived  from  the  acctssorius  ; 
while  Chauveau  maintains  that  the  cricothyroid  is  an  exception. 

Stimulation  of  the  superior  laryngeal  is  painful,  and  causes  contraction  of 

2,  pharyngeal  branches  of  vagus  ;  6,  pharyngeal  branch  of  the  glosso-pharyngeal  ;  3, 
superior  laryngeal,  with  its  anastomoses,  /,  with  the  sympathetic  and  its  division,  4,  into 
Its  internal,  v,  and  external  branches,  e;  5,  inferior  or  recurrent  laryngeal  ;  aic,  auricular 
branch  of  vagus.  Cardiac  nerves  -.—g,  cardiac  branches  from  the  vagus  and  supeiior  laryn- 
geal ;  I,  h,  the  three  cardiac  branches  from  the  upper,  g,  middle,  x,  and  lower,  y,  cervical 
ganglion  of  the  sympathetic  ;  k,  ring  of  Vieusses  ;  I,  cardiac  branch  from  the  recurrent 
laryngeal ;  L,  lung  with  the  anterior  and  posterior  pulmonary  plexuses  ;  r,  oesophageal 
plexus  ;  00,  gastric  branches,  and  ,near  them  the  hepatic  branches,  n  ;  m,  creliac  plexus  ; 
k,  s|jhinchnic  entering  former  ;  11,  accessory  nerve  sending  its  inner  branch  into  the 
ganghtorm  plexus  of  the  vagus— its  outer  branch,  ac,  supplies  the  sternomastoid,  St  and 
aci  and  the  trapezius,  Gc ;  0,  external  auditory  meatus  ;  Uh,  hyoid  bone  ;  K,  thyroid 
cartilage;  i  trachea;  R,  heart;  P,  pulmonary  artery;  A  A,  aorta;  c,  right  carotid; 
Ci,  lelt  carotid  ;  s  and  s„  right  and  left  subclavian  artery  ;  Z  Z,  diaphragm  ;  N,  kidney  ;  l^n, 
suprarenal  capsule  ;  M,  stomach  ;  m,  spleen  ;  L  L,  lung  and  liver.  II.  Scheme  of  the 
course  of  the  depressor  and  accelerans  in  the  cat. 
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the  cricothyroid  muscle  (while  the  other  laryngeal  muscles  contract  reflexbj). 
Section  of  both  nerves,  owing  to  i)aralysis  of  the  cricothyroids,  causes  slight 
slowin"  of  the  respirations  (S/darek).  In  dogs,  the  voice  becomes  deeper  and 
hoarser,  owing  to  diminished  tension  of  the  vocal  cords  {Lonc/et).  The  larynx 
becomes  insensible,  so  that  saliva  and  particles  of  food  pass  into  the  trachea  and 
lungs,  without  causing  reHex  contraction  of  the  glottis  or  coughing.  This  excites 
"traumatic  pneumonia,"  which  results  in  death  {Friedlander). 

Stimulation  of  the  recurrent  nerves  causes  spasm  of  the  f/lottis.  Section 
of  these  nerves  paralyses  the  laryngeal  muscles  supplied  by  them,  the  voice  becomes 
husky  and  hoarse  (in  the  ing— Galen,  Riolan,  1618)  in  man,  dog,  and  cat;  while 
rabbits  retain  their  shrill  cry.    The  glottis  is  small,  with  every  inspiration,  the 
vocal  cords  approximate  considerably  at  their  anterior  parts, 
while,  during  expiration,  they  are  relaxed  and  are  separated 
from  each  other.    Hence,  the  inspiration,  especially  in  young 
individuals  whose  glottis  respiratoria  is  narrow,  is  difficult 
and  noisy  ( Legallois) ;  while  the  expiration  takes  place  easily. 
After  a  few  days,  the  animal  (carnivore)  becomes  more  quiet, 
it  respires  with  less  effort,  and  the  passive  vibratory  move- 
ments of  the  vocal  cords  become  less.    Even  after  a  con- 
siderable interval,  if  the  animal  be  excited,  it  is  attacked  with 
severe  dyspnoea,  which  disappears  only  when  the  animal  has 
become  quiet  again.    Owing  to  paralysis  of  the  laryngeal 
muscles,  foreign  bodies  are  apt  to  enter  the  trachea,  while 
the  paralysis  renders  difficult  the  first  part  of  the  process  of 
swallowing  in  the  oesophageal  region.  Broncho-pneumonia 
may  be  produced  {Arnsperger). 

6.  The  depressor  nerve,  which  in  the  rabbit  arises  by  one 
branch  from  the  superior  laryngeal,  and  usually  also  by  a 
second  root  from  the  trunk  of  the  vagus  itself  [runs  down 
the  neck  in  close  relation  with  the  vagus,  sympathetic,  and 
carotid  artery,  enters  the  thorax],  and  joins  the  cardiac  plexus 
(fig  434  sc)  It  is  an  afferent  nerve,  and  when  its  central 
end  is  stimulated  [provided  both  vagi  be  divided],  it  dimin- 
ishes the  energy  of  the  vaso-motor  centre,  and  thus  causes  a 
fall  of  the  blood-pressure  (hence  the  name  given  to  it  by  Cyou 
and  Ludwig,  §  371,  IL).  At  the  same  time,  [if  the  vagus 
F^g-  on  the  opposite  side  be  intact],  its  stimulation  affects  the 

Scheme  of  the  cardiac  ^^^.^■^^i^j^nitory  centre,  and  thus  refiexly  diminishes  the  num- 
TpTn M  medS la  ber  of  heart-beats.    [Its  stimulation  also  gives  rise  to  paij 
Tbirgataf  VTg,  va-  so  that  it  is  the  sensory  nerve  of  the  heart.    If  m  a  rabbi 
gus  ;    SL,    superior,       ^    i  be  divided  in  the  middle  of  the  neck,  and  the  central 
iL,  inferior  laryngeal;      ,    .        depressor  nerve,  which  is  the  smallest  of  the  tliree 
KL^'"  "inS  nerves  near  the  carotid,  be  stimulated,  after  a  short  time  there 
iTdiae  or  cardio-in-  is  no  alteration  of  the  heart-beats,  but  there  is  steady  fal  of 
liibitory  ;  H,  heart.     ^^^^  blood-pressure  (fig.  106),  which  is  due  to  a  reflex  inhibi- 
tion of  the  vaso-motor  centre,  resulting  in  a  dilatation  of  the  Wood-vessels  of  the 
abdomen.    Of  course,  if  the  vagi  be  intact,  there  is  a  reflex  ^^J^^^^^^  f -^f^^^^;. 
heart     It  is  doubtful  if  the  depressor  comes  into  action  when  the  heait  i.  ox  ei 
distended     If  it  did,  of  course  the  blood-pressure  would  be  reduced  by  the  reflex 
dilatation  of  the  abdominal  blood-vessels.] 

The  depressor  nerve  is  present  in  the  cat  (§  370X  hedgdiog  ^'^J.^o^'S  ~s 

£5sr=^^^soK  U^e  rahhit  in  the  trunk  of  the 
vagus  (.Drcschfchlt,  Slcllincj). 
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7.  The  cardiac  branches  (fig.  433,  r/,  I),  as  well  as  the  cardiac  plexus,  have  been 
described  in  §  57.  These  nerves  contain  the  inhibitory  ./i(!/res /or  the  heart  (fig.  434, 
■Ic — cardio-inhibitory — Edward  Weber,  November,  1845;  Budf/e,  independently 
in  May  1846),  also  sensory  fibres  for  the  heart  [in  the  frog  {Budge),  and  partly 
in  mammals  {Goltz)\.  Lastly,  in  some  animals  the  heart  receives  some  of  the 
accelei-ating  fibres  through  the  trunk  of  the  vagus.  Feeble  stimulation  of  the  vagus 
occasionally  causes  acceleration  of  the  beats  of  the  heart  {Schif).  [This  occurs 
when  the  vagus  contains  accelerator  fibres.]  In  an  animal  poisoned  with  nicotin, 
or  atropin,  which  paralyses  the  inhibitory  libres  of  the  vagus,  stimulation  of  the 
vagus  is  followed  by  acceleration  of  the  heart-beats  (Schif,  Schmiedeberg)  [owing  to 
the  unopposed  action  of  any  accelerated  fibres  that  may  be  present  in  the  nerve,  e.g., 
of  the  frog]. 

8.  The  pulmonary  branches  of  the  vagus  join  the  anterior  and  posterior 
pulmonary  plexuses.  The  anterior  pulmonary  plexus  gives  sensory  and  motor 
fibres  to  the  trachea,  and  runs  on  the  anterior  surface  of  the  branches  of  the  bronchi 
into  the  lungs  [L).  The  posterior  plexus  is  formed  by  three  to  five  large  branches 
from  the  vagus,  near  the  bifurcation  of  the  trachea,  together  with  branches  from 
the  lowest  cervical  ganglion  of  the  sympathetic  and  fibres  from  the  cardiac 
plexus.  The  plexuses  of  opposite  sides  exchange  fibres,  and  branches  are  given  off 
which  accompany  the  bronchi  in  the  lungs.  Ganglia  occur  in  the  course  of  the 
pulmonary  branches  in  the  frog  (Arnold,  W.  Stirling)  [newt — W.  Stirling  ;  and  in 
mammals  (Remak,  Egoroiv,  W.  Stirling)],  in  the  larynx  [Cock,  W.  Stirling],  in  the 
trachea  and  bronchi  [IT.  Stirling,  Kandarazki].  Branches  proceed  from  the 
pulmonary  plexus  to  the  pericardium  and  the  superior  vena  cava  (Luschka, 
Zuckerkandl). 

The  functions  of  the  pulmonary  branches  of  the  vagus  are — (1)  they  supply 
motor  branches  to  the  smooth  muscles  of  the  whole  bronchial  system  (§  106)  ; 
(2)  they  supply  a  small  part  of  the  vaso-motor  nerves  of  the  pulmonary  vessels 
(Schif),  but  by  far  the  largest  number  of  these  nerves  (1  all)  is  supplied  from  the 
connection  with  the  sympathetic  (in  animals  from  the  first  dorsal  ganglion) — (Broivn- 
Sequard,  A.  Fick,  Badoud,  Lichtheim) ;  (3)  they  supply  sensory  (cough-exciting) 
fibres  to  the  whole  bronchial  system,  and  to  the  lungs  ;  (4)  they  give  afferent 
fibres,  which,  when  stimulated,  diminish  the  activity  of  the  vaso-motor  centre,  and 
thus  cause  a  fall  of  the  blood-pressure  during  forced  expiration  ;  (5)  similar  fibres 
which  act  upon  the  inhibitory  centre  of  the  heart,  and  so  influence  it  as  to  accelerate 
the  pulse-beats  (§  369,  II.).  Simultaneous  stimulation  of  4  and  5  alters  the  pulse 
rhythm  (Sommerbrodt) ;  (6)  they  also  contain  afferent  fibres  from  the  pulmonary 
parenchyma  to  the  medulla  oblongata,  which  stimulate  the  respiratory  centre.  [These 
filsres  are  continually  in  action],  and  consequently  section  of  both  vagi  is  followed  by 
diminution  of  the  number  of  respirations ;  the  respirations  become  at  the  same  time 
deeper,  while  the  same  volume  of  air  is  changed  ( Vcdentin).  Stimulation  of  the  central 
end  of  the  vagus  again  accelerates  the  respirations  (Trcmbe,  J.  RoseniJial).  Thus, 
laboured  and  difficult  respiration  is  explained  by  the  fact  that  the  influences 
conveyed  by  these  fibres  which  excite  the  respiratory  centre  reflexly  are  cut  off ;  so 
it  is  evident,  that  centripetal  or  afferent  impulses  proceeding  upwards  in  the  vagus 
are  intimately  concerned  in  maintaining  normal  reflex  respiration  ;  after  th'ese 
nerves  are  divided,  conditions  exciting  the  respiratory  movements  must  originate 
directly,  especially  in  the  medulla  oblongata  itself  (§  368). 

Pneumoma  after  Section  of  both  Vagi. -The  inflammation  which  follows  section  of  both 
vagi  has  attracted  the  attention  of  many  observers  since  the  time  of  Valsalva,  Morgagni  (1740), 
ana  i^egaUois  (1812).  In  attemptmg  to  explain  this  phenomenon,  we  must  bear  in  mind  the 
^llowing  considerations  :-(a)  Section  of  both  vagi  is  followed  by  loss  of  motor  power  in  the 
muscles  of  the  larynx  as  well  as  the  sensibilily  of  the  larynx,  trachea,  bronchi,  and  the  lungs, 
p  ovided  the  section  be  made  above  the  origin  of  the  superior  laryngeal  nerves.  Hence,  tim 
glottis  is  not  closed  during  swallowing,  nor  is  it  closed  reflexly  when  foreign  bodies  (saliva 
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particles  of  food,  iiTosnirable  gases)  enter  the  respiratory  passages.    Even  the  rellex  &ctot  cough- 
mn  whicli  under  ordinary  circiunstances,  would  get  rid  of  the  ofreudiug  bodies,  is  abohslied. 
Thus  foreign  bodies  may  readily  enter  the  lungs,  and  this  is  favoured  by  the  fact  that,  owing  to 
the  simultaneous  paralysis  of  tlie  cesophiigus,  the  food  remains  in  the  latter  lor  a  time,  and 
may  therefore  easily  enter  the  larynx.    That  this  constitutes  one  important  factor  was  proved 
by  Traube  who  found  that  the  pneumonia  was  prevented  when  he  caused  the  auinials  to  respire 
bv  means  of  a  tube  inserted  into  the  trachea  through  an  a].erture  in  the  neck.    If,  on  the  con- 
trarv  only  the  motor  recurrent  nerves  were  divided  and  the  esophagus  ligatured,  so  that  in 
the  process  of  attempting  to  swallow,  food  must  necessarily  enter  tlie  respiratory  passages, 
"ti-aumatic  piieumoma"  was  the  invariable  result  {Traube,  0.  Fray),    (b;  A  second  factor 
depends  on  the  circumstance  that,  owing  to  the  laboured  and  difficult  respiration,  the  lungs 
hccoinc  mrchargcd  with  blood,  because  during  the  long  time  that  the  thorax  is  distended,  the 
pressure  of  the  air  within  the  lungs  is  abnormally  low.  This  condition  of  congestion,  or  abnonual 
filling  of  the  pulmonary  vessels  with  blood,  is  followed  by  scrolls  cxudatwn  (pulmonary  cedema), 
and  even  by  exudation  of  blood  and  the  formation  of  pus  in  the  air-vesicles  {Frnj).    This  same 
circumstance  favours  the  entrance  of  fluids  through  the  glottis  (§  352,         The  introduction 
of  a  tracheal  cannula  will  prevent  the  entrance  of  fluids  and  the  occurrence  of  inflammation.  It 
is  probable  that  a  partial  jjcirahjsis  of  the  imlmonary  vaso-molor  nerves  may  be  concerned  m  the 
inflammation,  as  this  conduces  to  an  engorgement  of  the  pulmonary  capillaries.     c)  Lastly, 
it  is  of  consequence  to  determine  whether  trophic  ^hres  ave  present  in  the  vagus  as  hich  may 
influence  the  normal  condition  of  the  pulmonary  tissues.    According  to  Michaelson  the 
pneumonia  which  takes  place  immediately  after  section  of  the  vagi  occurs  especially  in  the  lo'ft^^^^ 
and  middle  lobes;  the  pneumonia  which  follows  section  f  t^^^  ^''^^^V'-.^^f 
and  causes  catarrhal  inflammation,  especially  in  the  upper  lobes     Rabbits,     a  rule  d  e  >^it^^ 
twenty-four  hours,  with  all  the  symptoms  of  pneumonia ;  when  the  ^bov«™Te  gfh^\«^^^\°„°^ 
are  taken  thev  may  live  for  several  days.    Dogs  may  live  for  a  long  time.    It  the  9th,  10th,  and 
12tl  nei^^es  bl  t^rn  out  on  one  side  in'  a  rabbit,  death  takes  place  from  pneumonia  G^unte^^ri  . 
Tn  bfrda  bilateral  section  of  the  vagi  is  not  followed  by  pneumonia  {Blamville,  Billroth), 
lecateViieHai^^^^^^^^^^^ 

Sthe  ymp  oms  ^{inaniHou  {Einbrodt,  Zander,  v.  Anrep),  while  the  heart  undergoes  fatty 
Tege^vlon  {Eichhorst),  and  so  do  the  liver,  stomach,  anc  muscles  t^^°jj  °f « 

Wassiliefl-  the  heart  shows  cloudy  swelling  and  slight  wax-like  degeneration  Frogs  which  at 
everTresS^^^  glottis,  and  close  it  during  the  pause  die  of  asphy.xia.    Section  _ol 

?re  LlSarv  branches  has  no  injurious  eftect  {Bidder).  [Unilateral  section  o  the  vagus  in 
2a  is  fSwed  within  forty-eigi'it  hours  by  the  appearance  of  7^?};^^^^^^^ 
mvocardium  esnecially  near  the  interventricular  septum,  on  the  papillaiy  muscles,  ana 
So^o-  Ihrfunovvs  for  the  coronary  arteries.  The  muscular  fibres  exliibit  retrogressive  changes, 
Sebv  the  triL  disappear  ;  they  become  swollen  up  and  filled  with  albuminous  granules 
Iftei- ef-h  to  ten  days  «le  in  erstitial  tissue  of  these  foci  becomes  infiltrated  with  small  round 
iiiulaf  eel  s  especklly  near  the  blood-vessels.  At  a  later  stage,  the  interstitial  connective- 
SetciSis'es'TnTmoLt,  and  the  muscle  atrophies.  No  ^^^^^^  fib^^fo'tt  yUul  ex^^^^^^^^ 
the  depressor  or  sympathetic,  and  Fantiuo  concludes  that  some  ol  the  fibies  of  the  vagu.  exert 

trophic  action  on  the  myocardium.]  ,       •    •    n     w  \.^r.„nV,^- 

9.  The  oesophageal  plexus  (fig.  434,  r   is  formed  P"^^^P^  ^Xt? 
from  the  va-u.  above  the  inferior  laryngeal,  from  the  pulmonary  p  exus,  and  below 
from  the  trunk  itself.    This  plexus  supplies  the  esophagus  -th  mot^^^^^^^^^^ 
(§  156),  the  sensibility  which  is  present  only  in  the  upper  part,  and  it  also  supplies 

fibres  capable  of  exciting  reflex  actions.       ^  ,  ^    .        ^   .  .^^„^:„r,y,nn  nf 

10  The  gastric  plexus  (oo)  consists  of  a)  the  anterior  (left)  termination  o 
the  vagus,  which  supplies  fibres  to  the  CBSophagus  and  courses  along  the  maU 
curvSr.,  and  sends  a  few  fibres  through  the  portal  fissure  into  the  ;  (6)  the 
Dosterior  right)  va<^us,  after  giving  ofi  a  few  fibres  to  the  esophagus,  taUs  Part  m 
fh  t;i&on  of  the  gastric  iflexus%o  which  (c)  ^.b-- 
pylorus  Section  of  the  vagi  is  followed  by  hyperiemia  of  ^^^.S^f'^^^''^^', 
Sbrane  (Panur>,  Pincus),Wt  it  does  not  interfere  with  ^ges^ion  iB^dder  and 
<!r/>midt)  even  when  it  is  performed  at  the  cardia  {Rriizler,  bcliiff). 

1     About  two-thirds  of  the  ru,ht  vagus  on  the  stomach  joins  the  coeliac 
plexus  and  fr  m  i  branches  accompany  the  arteries  to  the  liver,      een  pan^^^^^^^^ 
todenum,  kidney,  and  suprarenal  capsules.    The  vagus  supp^^^^^^^^^ 
stomach,  which  belong  to  the  root  of  the  vagus  itse  f  ^J^^.^^^^ef  Xh  ^hen 
(Stirn^,  Bischoff).    The  gastric  branches  also  contara  f  ^^^^^^^^^^^ 
stimulated,  cause  refl-exl^/  a  secretion  of  saliva  (^  145).    it  is  unaetermiue 
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they  also  cause  vomiting.  For  the  effect  of  the  vagus  upon  the  movements  of  the 
intestine  (see  §  161).  According  to  some  observers,  stimulation  of  the  vagus  is 
followed  by  movement  of  the  large  as  well  as  of  the  small  intestine  {Stilling, 
Kupffe7;  C.  Ludivig,  Remalc).  Stimulation  of  the  periplieral  end  of  the  vagus  causes 
contraction  of  the  smooth  muscular  fibres  in  the  capsule  and  trabecul£B  of  the  s^jleen 
(in  the  rabbit  and  dog,  §  103).  Stimulation  of  the  vagus  at  the  cardia  causes  in- 
crease in  the  secretion  of  urine  with  dilatation  of  the  renal  vessels,  while  the  blood  of 
the  renal  vein  becomes  more  arterial  (CI.  Bernard).  According  to  Rossbach  and 
Quellhorst,  a  few  vaso-motor  fibres  are  supplied  by  the  vagus  to  the  abdominal 
organs,  whilst  the  greatest  number  comes  from  the  splanchnic. 

12.  Reflex  Eflfects. — The  vagus  and  its  branches  contain  fibres,  some  of  which 
have  been  referred  to  already,  which  act  reflexly  (afferent)  ^q^on  certain  nervous 
mechanisms. 

{a)  On  the  vaso-motor  centre  there  act  (a)  pressor  fibres  (especially  in  both  laryngeal  nerves), 
whose  stimulation  is  followed  by  a  reflex  contraction  of  the  arterial  blood-channels,  and  thus 
cause  a  rise  of  the  blood-pressure ;  ()3)  depressor  fibres  (in  the  depressor  or  the  vagus  itself), 
which  have  exactly  an  opposite  effect.  (This  subject  is  specially  referred  to  under  the  head  of 
the  Vaso-motor  nerve-centre,  §  371.) 

(6)  On  the  respiratory  centre  there  act  (a)  fibres  (pulmonary  branches)  whose  stimulation  is 
followed  by  acceleration  of  the  respiration  ;  and  (;8)  inhibitory  fibres  (in  both  laryngeals),  whose 
stimulation  is  followed  by  slowing  or  arrest  of  the  respiration.    (See  Respiratory  centre,  §  368.) 

(c)  On  the  cardio-inhibitory  system. — [When  the  central  end  of  one  vagus  is  stimulated, 
provided  the  other  vagus  is  intact,  the  heart  may  be  arrested  reflexly  in  the  diastolic  phase.] 
Mayer  and  Pribram  observed  that  sudden  distension  of  the  stomach  caused  slowing  and  even 
arrest  of  the  heart,  while,  at  the  same  time,  there  was  contraction  of  the  arteries  of  the  medulla 
oblongata  and  increase  of  the  blood-pressure. 

(fZ)  On  the  vomiting  centre. — This  centre  may  be  affected  by  stimulation  of  the  central  end 
of  the  vagus,  and,  as  already  mentioned,  by  stimulation  of  many  afferent  fibres  in  the  vagus 
(§  T58). 

(e)  On  the  pancreatic  secretion. — Stimulation  of  the  central  end  of  the  vagus  is  followed  by 
arrest  of  this  secretion  (§  171). 

(/)  According  to  01.  Bernard,  there  are  fibres  present  in  the  pulmonary  nerves,  which,  when 
they  are  stimulated,  increase  reflexly  the  formation  of  sugar  in  the  liver,  perhaps  through  the 
hepatic  branches  of  the  vagus. 

Unequal  Excitability. — The  various  branches  of  the  vagus  are  not  all  endowed  with  the  same 
degree  of  excitability.  If  the  peripheral  end  of  the  vagus  be  stimulated,  first  of  all  with  a  weak 
stimulus,  the  laryngeal  muscles  are  first  affected,  and  afterwards  the  heart  is  slowed  {Ruther- 
ford). If  the  central  end  be  stimulated  with  feeble  stimuli,  the  "  excito-respiratory  "  fibres  are 
exhausted  before  the  "  inhibito-respiratory "  {Burkart).  According  to  Steiner,  the  various 
fibres  are  so  arranged  in  the-  vagus  that  the  afferent  fibres  lie  in  the  outer,  and  the  efferent  in 
the  inner,  half  of  the  trunk,  in  the  cervical  region. 

Pathological. — Stimulation  or  paralysis  in  the  area  of  the  vagus  must  necessarily  present  a 
very  different  picture  according  as  the  affection  is  referred  to  the  whole  ti'unk  or  only  to  some 
of  its  branches,  or  whether  the  affection  is  unilateral  or  bilateral.  Paralysis  of  the  pharynx 
and  CEsophagus,  which  is  usually  of  central  or  intracranial  origin,  interferes  with  or  abolishes 
deglutition,  so  that  when  the  oesophagus  becomes  filled  with  food  there  is  difficulty  of  breathing, 
and  the  food  may  even  pass  into  the  nasal  cavities.  A  peculiar  sonoroiis  gurgling  is  occasionally 
heard  in  the  relaxed  canal  (deglutatio  sonora).  In  incomplete  paralysis,  the  act  of  deglutition 
is  delayed  and  rendered  more  difficult,  while  large  masses  are  swallowed  more  easily  than  small 
ones.  Increased  contraction  and  spasmodic  stricture  of  the  cesophagus  are  referred  to  imder  the 
phenomena  of  general  nervous  excitability  (§  186). 

Spasm  of  the  laryngeal  muscles  causes  spasmodic  closure  of  the  glottis  {Spasmus  glottidis). 
This  condition  is  most  apt  to  occur  in  children,  and  takes  place  in  paroxysms,  with  symptoms 
of  dyspnoea  and  crowing  inspiration ;  if  the  case  be  very  severe,  there  may  be  muscular  con- 
tractions (of  the  eye,  jaw,  digits,  &c.).  The  symptoms  are  very  probably  due  to  the  reflex 
spasms  which  may  be  discharged  from  the  sensory  nerves  of  several  areas  (teeth,  intestine,  skin). 
The  impulse  is  conducted  along  the  sensory  nerves  proceeding  from  these  areas  to  the  medulla 
oblongata,  where  it  causes  the  discharge  of  the  reflex  mechanism  which  produces  the  above- 
mentioned  results.  There  may  be  spasm  of  the  dilators  of  the  glottis  and  other  laryngeal 
muscles  {Frcintzel).  ■ 

Stimulation  of  the  sensory  nerves  of  the  larynx,  as  is  well  known,  produces  coughing.  If 
the  stimulation  be  very  intense,  as  in  whooping-cough,  the  fibres  lying  in  the  laryngeal  nerves, 
which  inhibit  the  respiratory  centre,  may  also  be  stimulated  ;  the  number  of  respirations  iS 
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ilimiui.slied,  and  ultimately  tlie  respiratioii  ceases,  the  diapliiagm  being  relaxed  :  wLlle,  witli 
the  most  intense  stimulation,  there  may  lie  spasmodic  expiratory  arrest  of  the  respiration  with 
closure  of  the  ^(lottis,  which  may  last  for  fifteen  seconds.  Paralysis  of  the  laryngeal  nerves, 
which  causes  disturbances  oi!  speech,  lias  been  referred  to  iu  §  313.  In  bilateral  paralysis  oftlw 
recurrent  nerves,  in  conse(iuonco  of  tension  upon  them  due  to  dilatation  of  the  aorta  and  the 
subclavian  artery,  a  considerable  amount  of  air  is  breathed  out,  owing  to  the  futile  efforts  which 
the  patient  makes  in  trying  to  speak ;  expectoration  is  more  difficult,  while  violent  coughing  Ls 
impossible  {v.  Ziemsscn).  Attacks  of  dyspna'a  occur  just  as  in  animals,  if  the  person  make 
violent  efforts.  Some  observers  {Salter,  Bcrgson)  have  referred  the  paroxysms  of  nervous 
asthma,  which  last  for  a  quarter  of  an  hour  or  more,  and  constitute  asthma  bronchiale,  to 
stimulation  of  the  pulmonary  plexus,  causing  spasmodic  contraction  of  the  bronchial  muscle  (§ 
106).  Physical  investigation  during  the  paroxysms  reveals  nothing  but  the  existence  of  some 
rhonchi  (§  117).  If  this  condition  is  really  spasmodic  in  its  nature  (?  of  the  vessels),  it  must  be 
usually  of  a  reflex  character  ;  the  afferent  nerves  may  be  those  of  the  lung,  skin,  or  genitals  (in 
hysteria).  Perhaps,  however,  it  is  due  to  a  temporary  paralysis  of  the  pulmonary  nerves 
(aflerent),  which  excite  the  respiratory  centre  (excito-respiratory). 

Stimulation  of  the  cardiac  branches  of  the  vagus  may  cause  attacks  of  temporary  suspension 
of  the  cardiac  contractions,  which  are  accompanied  by  a  feeling  of  great  depression  and  of 
impending  dissolution,  with  occasionally  pain  in  the  region  of  the  heart.  Attacks  of  this  sort 
may  be  produced  rcflexly,  e.g.,  by  stimulation  or  irritation  of  the  abdominal  organs  (as  in  the 
experiment  of  Goltz  of  tapping  the  intestines).  Heunoch  and  Silbermann  observed  slowing  of 
the  action  of  the  heart  in  children  suffering  from  gastric  irritation.  Similarly,  the  respiration 
may  be  affected  reflexly  through  the  vagus,  a  condition  described  by  Hennoch  as  asthma 
dyspepticum.  In  cases  of  intermittent  paralysis  of  the  cardiac  branches  of  the  vagus,  we  rarely 
iind  acceleration  of  the  pulse  above  160  (Biegel),  200  {Tuczck,  L.  Langer);  even  240  pulse-beats 
per  minute  have  been  recorded  {Kupioert),  and  in  such  cases,  the  beats  vary  much  in  rhythm 
and  force  and  they  are  very  irregular.  These  cases  require  to  be  more  minutely  analysed,  as  it 
is  not  clear  how  much  is  due  to  paralysis  of  the  vagus  and  how  much  to  the  action  of  the 
acceleratincr  mechanism  of  the  heart.  Little  is  known  of  affections  of  the  uitra-abdomtnal 
fibres  of  the  vao-us  It  seems  that  the  sensory  branches  of  the  stomach  do  not  come  from  the 
vncrus.  If  the^ti-unk  of  the  vagus  or  its  centre  be  paralysed,  there  are  laboured,  deep,  slow 
respirations,  such  as  follow  the  section  of  both  vagi  {Guitmann}. 

353  XI  NERVUS  ACCESSOaniS  WILLISII.— Anatomical.— This  nerve  arises  by  two 
completely  separate  roots  ;  one  from  the  accessorius  nucleus  of  the  medulla  oblongata 
(ficT  427  11)  which  is  connected  with  the  vagus  nucleus  ;  while  the  other  root  arises  between 
the  anterior  and  posterior  nerve-roots  from  the  spinal  cord,  usually  between  the  5th  and  6th 
cervical  vertebree.  In  the  spinal  cord,  its  fibres  can  be  traced  to  an  elongated  nucleus  lying  on 
the  outer  side  of  the  anterior  cornu,  as  far  downwards  as  the  5th  cervical  vertebra.  JNear  the 
iuo-ular  foramen  both  portions  come  together,  but  do  not  exchange  fibres  {Holl\;  both  roote 
afterwards  separate  from  each  other  to  form  two  distinct  branches,  the  antenor  (Miner),  which 
arises  from  the  medulla  oblongata,  passing  en  masse  into  the  plexus  gangliiformis  vagi.  Itus 
branch  supplies  the  vagus  with  most  of  its  motor  fibres  (compare  §  352,  3),  and  also  its  cardiQ. 
inhibitory  khves  (fig.  433).  [The  upper  cervical  metameres  or  segments  give  ongm  not  only  to 
the  anterior  and  posterior  roots  of  the  corresponding  nerve-roots,  hut  heiiveen  these  roots  arise  the 
roots  of  the  spinal  accessory  nerve.  This  nerve  contains  large  medullated  nerve-fibres,  and  fine 
meduUated  fibres  such  as  characterise  the  visceral  branches  of  the  thoracic  and  sacral  regions 
(§  356).  The  nerve  passes  by  the  jugular  ganglion  of  the  vagus,  then  divides  into  the  exteiTial  and 
nternal  branch  All  the  large  fibres  pass  into  the  external  branch,  which,  along  with  branches 
rom  the  cerSl  plexus,  supply  the  sternomastoid  and  trapezius.  The  internal  branch,  com- 
posed of  smaU  fibres,  passes'  into  the  ganglion  of  the  trunk  of  the  vagus.  Gaske  1  therefore 
regards  the  internal  biUch  "as  formed  by  the  rami  viscerales  of  the  upper  cervical  and  vagus 
nerves."  These  fine  medullated  nerve-fibres  probably  arise  from  the  cells  of  the  posterior  vesicular 
column  of  Clarke.  The  motor  fibres  to  the  trapezius  and  sternomastoid  arise  from  the  cells 
of  the  lateral  horn  of  grey  matter.] 

If  the  accessorius  be  pulled  out  by  the  root  in  animals,  the  cardio-inhibitory 
fibres  undergo  degeneration.  If  the  trunk  of  the  vagus  be  stimulated  in  the  neck 
four  to  five  days  after  the  operation,  the  action  of  the  heart  is  no  onger  arrested 
thereby  Towing  to  the  degeneration  of  the  cardio-inhibitory  fibres]  {Waller,  Miijt, 
Daszkiewicz,  Heidenhain)  ■  according  to  Heidenhain,  the  heart-beats  are  accelerated 
immediately  after  pulling  out  the  nerve.  _  . 

The  external  branch  arises  from  the  spinal  roots.  This  nerve  communicate, 
with  the  sensory  branches  of  the  posterior  root  of  the  1st,  more  rarely  of  the  -nd 
cervical  nerve,  and  these  fibres  supply  sensibility  to  the  muscles ;  it  then  turns 
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backwards  above  the  transverse  process  of  the  atlas,  and  terminates  as  a  motor 
nerve  in  the  sternomastoid  and  trapezius  (fig.  433).  The  latter  muscle  usually 
receives  motor  fibres  also  from  the  cervical  plexus  (fig.  429). 

Tho  external  branch  communicates  with  several  cervical  nerves.  These  fibres  either  pavtici- 
l»ate  in  the  innervation  of  tho  above-named  muscles,  or  the  accessorius  returns  part  ot  the. 
sensory  fibres  supplied  by  the  posterior  roots  of  tho  two  upper  cervical  nerves. 

Pathological.— Stimulation  of  the  outer  branch  causes  tonic  or  clonic  spasm  ot  the  above- 
named  muscles  usually  on  one  side.  If  the  branch  to  the  sternomastoid  be  afiected  alone,  the 
head  is  moved  with  each  clonic  spasm.  If  the  atlcctiou  bo  bilateral,  the  spasm  usually  takes 
place  on  opposite  sides  alternately,  while  it  is  rare  to  have  it  on  both  sides  simultaneously.  In 
spasm  of  the  trapezius  the  head  is  drawn  backwards  and  to  the  side.  Tonic  contraction  of  the 
liexors  of  the  head  causes  the  characteristic  position  of  the  head  known  as  caput  obstipum 
(spasticum)  or  wryneck.  In  paralysis  of  one  of  these  muscles,  the  head  is  drawn  towards  the 
sound  side  (torticollis  paralyticus).    Paralysis  of  the  trapezius  is  usually  only  partial. 

Paralysis  of  the  whole  trunk  of  the  spinal  accessory  (usually  caused  by  central  conditions), 
besides  causing  paralysis  of  the  sternomastoid  and  trapezius,  also  paralyses  the  motor  branches 
of  the  vagus  already  referred  to  {Erh,  Franlccl). 

354  XII.  NERVUS  HYPOGLOSSUS. — Anatomical. — It  arises  from  t\m  larcje-ccllcd  undeS. 
within  the  lowest  part  of  the  calamus  scriptorius,  and  one  adjoining  small-celled  nucleus  {Roller), 
while  additional  fibres  come  from  the  brain  (§  378),  and  also  perhaps  from  the  olive  (fig.  427,  12). 
It  springs  by  10  to  15  twigs  in  a  line  with  the  anterior  roots  of  the  spinal  nerve  (fig.  420,  IX.). 
In  its  development  part  of  the  hypoglossal  behaves  as  a  spmal  nerve  [Frorieii). 

Function. — It  is  motor  to  all  the  muscles  of  the  tongue,  including  the 
geniohyoid  and  thyrohyoid. 

Connections.— The  trunk  of  the  hypoglossal  is  connected  with— (1)  the  siiperior  cervical 
ganglion  of  the  sympatlietic,  which  supplies  it  with  vaso-motor  fibres  for  the  blood-vessels  of  the 
tongue.  After  section  of  the  hypoglossal  and  lingual  nerves,  the  corresponding  half  of  the 
tongue  becomes  red  and  congested  (Schiff).  (2)  There  is  also  a  branch  frorir  the  plexus  ganglii- 
formis  vagi,  its  small  lingual  branch  to  the  commencement  of  the  hypoglossal  artdi.  These 
fibres  supply  the  hypoglossal  with  sensory  fibres  for  the  muscles  of  the  tongue,  for  even  after 
.section  of  the  lingual  the  tongue  still  possesses  dull  sensibility.  It  is  unaertain  whether  fibres 
with  a  similar  function  are  partly  derived  from  the  cervical  nerves  or  from  the  anastomosis 
which  takes  place  with  the  lingual.  (3)  It  is  united  with  the  iipijer  cervical  nerves  by  mean^ 
of  the  loops  known  as  the  ansa  hypoglossi.  These  connecting  fibres  run  in  the  descendens  noni 
to  the  sternohyoid,  omohyoid,  and  sternothyroid.  Cervical  fibres  do  not,  as  a  rule,  enter  the 
tongue  ;  stimulation  of  the  root  of  the  hypoglossal  acts  upon  the  above-named  muscles  only 
very  rarely  and  to  a  very  slight  extent  {Volkmann).    (Compare  §  297,  3,  and  §  336,  III.). 

Bilateral  section  of  the  nerve  causes  complete  motor  paralysis  of  the  tongue. 
Dogs  can  no  longer  lap,  they  bite  the  flaccid  tongue.  Frogs,  which  seize  their 
prey  with  the  tongue,  must  starve ;  when  the  tongue  hangs  from  the  mouth,  it 
must  prevent  the  closure  of  the  mouth,  so  that  these  animals  must  die  from 
asphyxia,  as  air  is  pumped  into  the  lungs  only  when  the  mouth  is  closed. 

Pathological. — Paralysis  of  the  hypoglossal  (glossoplegia),  which  is  usually  central  in  its 
origin,  causes  disturbance  of  speech  (§  319).  [In  unilateral  palsy,  the  tongue  lies  in  the  mouth 
in  its  normal  position,  but  the  base  is  more  prominent  on  the  paralysed  side.  When  the 
tongue  is  protruded,  it  passes  to  the  sound  side  by  the  genio-hj'oglos.sus  (§  155).]  Paralysis  of 
the  tongue  also  interferes  with  mastication,  the  formation  of  the  bolus  in  the  mouth,  and  degluti- 
tion in  the  mouth.  Owing  to  the  imperfect  movements  of  the  tongue,  taste  is  imperfect,  and 
the  singing  of  high  notes  and  the  falsetto  voice,  which  require  certain  positions  of  the  tongue, 
appear  to  be  impossible  {Bennati). 

Spasm  of  the  tongue,  which  causes  aphthongia  (§  318),  is  usually  reflex  in  its  origin,  and  is 
extremely  rare.  Idiopathic  cases  of  spasm  of  the  tongue  have  been  described  ;  the  seat  of  the 
irritation  lay  either  in  the  cortex  cerebri  or  in  the  oblongata  {Berger,  E.  Rcmak).  For  Pseudo- 
motor  Action,  p.  601. 

355.  THE  SPINAL  NERVES.— Anatomical.— The  thirty-one  pairs  of  spinal  nerves  arise 
by  means  of  a  posterior  [superior,  gangliated]  root  (consisting  of  a  few  large  rounded  bundles), 
from  the  sulcus  between  the  posterior  and  lateral  columns  of  the  spinal  cord,  and  by  means  of 
an  anterior  [inferior,  non-gangliated]  root  (consisting  of  numerous  fine  flat  strands),  from  the 
furrow  between  the  anterior  and  lateral  columns,  fig.  435.  The  posterior  roots,  with  the 
exception  of  the  1st  cervical  nerve,  are  the  larger.  Occasionally  the  roots  on  opposite  sides  are 
not  symmetrical ;  one  or  other  root,  or  even  a  whole  nerve,  may  be  absent  from  the  dor.«al 
region  {Adamkiewicz).    On  the  posterior  root  is  the  spindle-shaped  spinal  ganglion  (§  321,  II., 
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3),  which  is  occasionally  douhle  on  the  lumbar  and  sacral  nerves.  Beyoml  iJic  ganglion,  tlie 
two  roots  unite  to  form  within  the  spinal  canal  the  mixed  trunk  of  a  spinal  nerve.  The 
branches  of  the  nerve-trunk  invariably  contain  fibres  coming  from  both  roots.  The  number  of 
fibres  in  the  nerve-trunk  is  exactly  the  same  as  in  the  two  roots  ;  hence,  we  must  conclude  that 
the  nerve-cells  in  the  spinal  ganglion  are  intercalated  in  the  course  of  the  fibres  {Gaule  and 
Jjirgc). 

Varieties. — The  spinal  ganglion  is  sometimes  double,  and  according  to  Hyrtl,  isolated 

ganglionic  cells  frequently  occur  in  the  posterior  root,  between  the  ganglion  and  the  cord. 
Occasionally  the  roots  are  somewhat  unsymnietrical  on  opposite  sides  ;  in  the  dorsal  part  one 
or- other,  or  both  roots  of  a  spinal  nerve  are  sometimes  absent  (Adarnldcwicz). 

[Morphology  of  the  Spinal  Nerves  and  Limb-Plexuses.— A  typical  segmental  spinal  nerve 
(fig.  435)  divides,  after  its  formation,  into  three  parts,  a  dorsal  branch,  or  superior  primary 

division,  distributed  to  the  back,  a  soma- 
tic brancb,  or  inferior  primary  division, 
supplying  the  body-wall  or  limbs  ;  and 
a  splanchnic  or  visceral  branch,  or  ramus 
communicans,  connected  with  the  sym- 
]iathetic  gangliated  cord,  and  distributed 
to  the  large  vessels  and  viscera.  The 
somatic  branch  is  the  largest,  and  is 
generally,  by  human  anatomists,  spoken 
of  as  the  "anterior  primary  division." 
In  the  thoracic  and  upper  lumbar  regions, 
the  distribution  of  this  nerve  is  simple. 
It  divides  into  an  external  (or  lateral) 
branch,  and  an  internal  (or  anterior) 
branch,  which  supply  respectively  the 
lateral  and  anterior  portions  of  the  tho- 
racic and  abdominal  walls.] 

[In  the  region  of  the  neck,  and  in  re- 
lation to  the  limbs,  the  arrangement  of 
the  somatic  branches  becomes  complicated 
by  the  formation  of  the  plexuses.  In 
the  embryo,  however,  the  distribution  of 
the  nerves  is  simpler,  and  a  comparison 
can  be  made  both  with  the  adult  arrange- 
ment, and  with  the  typical  nerve  as  seen 
in  the  thoracic  region.  In  the  embryo, 
the  neck  as  such  does  not  exist,  and  the 
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Diagram  of  a  spinal  nerve ;  C,  spinal  cord ;  pr,  ar, 
posterior  and  anterior  roots  ;  SPD,  IPD,  superior 
and  inferior  primary  divisions  ;  d,  v,  dorsal  and 
ventral  branches  ;  sr,  sympathetic  root  {Boss). 
upper  limb  sprouts  out  directly  beyond  the  segmented  visceral  arches.  In  this  state  the 
somatic  branch  is  distributed  as  in  the  thoracic  region  ;  the  nerve  divides  into  an  external  and 
an  internal  branch,  distributed  to  the  side  and  front  of  the  con-esponding  part  of  the  arches 
in  the  neck,  in  the  regions  where  the  limbs  are  appearing  as  two  flattened  buds  from  the  ventro- 
lateral aspect  of  the  body.  The  somatic  branch  sweeps  round  into  the  blastema  forming  the 
limb  and  divides  into  its  two  branches,  external  and  internal,  or  dorsal  and  ventral,  which 
are  distributed  to  the  outer  (dorsal)  and  inner  (ventral)  surfaces,  respectively  of  the  pnmitivc 
limb.  At  this  time,  the  cartilagiuous  and  muscular  elements  of  the  limb  have  not  become 
differentiated.  While  this  is  occurring,  the  dorsal  and  ventral  parts  of  the  somatic  branches 
of  the  nerves  entering  the  limb  unite  with  adjacent  dorsal  and  ventral  branches,  in  vanous  com- 
binations, so  as  to  produce  the  limb-plexuses.  The  nerves  resulting  from  these  combinations 
are  distributed  to  the  primitive,  dorsal,  and  ventral  surfaces  of  the  limbs.  the  plexuses 

are  formed,  and  the  peripheral  distribution  of  the  nerves  has  taken  place  before  the  euod  of 
flexion  and  angulation  of  the  limbs.    These  processes  mark  the  conditions  f  R"! 

even  then  it  is  easy  to  make  out  that  the  nerves  m  the  upper  limb  derived  ff^.  nf  ^  he  Trm 
(dorsal)  cords  of  the  brachial  plexus  supply  the  scapular  region,  f  £^ 

and  fore-arm,  and  the  back  of  the  hand.-parts  which  are  derived  from  the  ^o^f  1  °f 
the  primitive  limb  ;  while  the  nerves  produced  from  the  anterior  (yenti-nl)  co.'ds  supply  the 
pectoral  region,  front  of  the  arm,  fore-arm,  and  hand,-parts  representing  the  primitive  ventral 

'"fin  the  lower  limb,  the  nerves  derived  from  a  union  of  the  posterior  branches  are  the  external 
cu  incmis,  anterior  crural,  gluteal,  and  external  popliteal.  .  These  supply  t^^^.^^^J^-  i^,'' 
front  of  the  thif'h  leg,  and  foot,— belonging  to  the  primitive  dorsal  suiface  of  the  limt) 
?he  nerves  form  d  by  the  union  of  anterior  b°anches,-genitocrural  obturator  «"J/"t^rnal 
i-onliteirin  like  manner  supply  the  parts  of  the  limb  corresponding  to  the  ventral  surface,- 
Ihrinner  side  and  back  of  the  thigh,  the  back  of  the  leg,  and  tie  sole  of  the  foot  (A.  M. 

^tSctiie  of  a  Spinal  Ganglion.  -The  ganglion  is  invested  by  a  thin,  fii-mly  adherent,  sheath 
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of  connective-tissue,  which  sends  processes  into  the  swelling,  and  is  continuous  with  the  sheaths 
of  the  nerve  entering  and  leaving  the  ganglion  (fig.  436,  c).  In  mammals,  e.g.,  rabbit,  a  longi- 
tudinal section  of  sucli  a  ganglion  exhibits  the  cells 
arranged  in  groups,  with  strands  of  nerve-fibres  coursing 
longitudinally  between  them  (fig.  436,  a,  b).  The  nerve- 
colls  are  usually  globular  in  form,  with  a  distinct  capsule 
lined  with  epithelium,  and  the  cell-substance  itself  con- 
tains a  well-defined  nucleus  with  a  nuclear  envelope  and 
a  nucleolus.  The  capsule  of  the  coll  is  continuous  with 
the  .sheath  of  Schwann  of  a  nerve-fibre.  The  exact  relation 
between  the  nerve-fibres  and  the  nerve-cells  is  difficult  to 
establish,  but  it  is  probable  that  eacli  nerve-coll  is  con- 
nected with  one  nerve-fibre,  i.e.,  they  are  unipolar.  In 
the  spinal  ganglia  of  the  vertebrates  above  fishes,  and  also 
in  the  Gasseriau  ganglion,  cells  are  found  with  a  single 
process  or  fibre  attached  to  them,  the  nerve-fibre  process 
not  unfrequently  coiling  a  few  times  within  the  capsule. 
This  process,  after  emerging  from  the  capsule,  becomes 
coated  with  myelin,  and  usually  soon  divides  at  a  node  of 
Ranvier  (fig.  341,  t).  Ranvier,  who  first  observed  this 
arrangement,  describes  it  as  a  T-shaped  fibre.  These 
nerve-cells  with  T-shaped  fibres  have  been  observed  in  the 
spinal  ganglia  of  all  vertebrates  above  fishes,  in  the  Gas- 
serian  and  geniculate  ganglia,  as  well  as  iu  the  jugular 
and  cervical  ganglia  of  the  vagus.  In  fishes,  the  nerve- 
cells  of  the  spinal  ganglia  are  bipolar  (fig.  368,  4).  There 
is  a  rich  plexus  of  capillaries  in  these  ganglia,  and  each 
cell  is  surrounded  by  a  mesh-work  of  capillaries,  which 
never  penetrate  the  cell  capsules.] 

BeU's  Law.— Sir  Charles  Bell  discovered  (1811) 
that  the  anterior  roots  of  the  spinal  nerves  are 
motor,  the  posterior  are  sensory. 

Recurrent  Sensibility. — Magendie  discovered 
(1822)  the  remarkable  fact  that  sensory  fibres  are 
also  present  in  the  anterior  roots,  so  that  their 

stimulation  causes  pain.  This  is  due  to  the  fact  Longitudinal  section  of  a  spinal  gan- 
that  sensory  fibres  pass  into  the  anterior  root  after 
the  two  roots  have  joined,  and  these  fibres  run  in 
the  anterior  root  in  a  centripetal  direction  {Schiff,  CI.  Bernard).  The  sensibility  of 
the  anterior  root  is  abolished  at  once  by  section  of  the  posterior  root.  This  condition 
is  called  "  recurrent  sensibility  "  of  the  anterior  root.  When  the  sensibility  of  the 
anterior  root  is  abolished,  so  is  the  sensibility  of  the  surface  of  the  spinal  cord  in  the 
neighbourhood  of  the  root.  A  long  time  after  section  of  the  anterior,  and  when  the 
degeneration  phenomena  have  had  time  to  develop  (§  325),  a  few  non-degenerated 
sensory  fibres  are  always  to  be  found  in  the  central  stump  {Schiff,  Vulpian). 
Schiff  found  that,  in  cases  where  the  motor  fibres  had  undergone  degeneration, 
there  were  always  non-degenerated  fibres  to  be  found  in  the  anterior  root,  which 
Ijassed  into  the  membranes  of  the  spinal  cord.  The  sensory  fibres  pass  into  the 
motor  root,  either  at  the  angle  of  union  of  the  roots,  or  in  the  plexus,  or  in  the 
region  of  the  peripheral  terminations.  Sensory  fibres  enter  many  of  the  branches 
of  the  motor  cranial  nerves  at  their  periphery,  and  afterwards  run  in  a  centripetal 
direction  (p.  602).  Even  into  the  trunks  of  sensory  nerves,  sensory  branches  of 
other  sensory  nerves  may  enter.  This  explains  the  remarkable  observation,  that 
after  section  of  a  nerve  trunk  {Lg.,  the  median),  its  peripheral  terminations  still 
retain  their  sensibility  {Arloing  and  Tripier).  The  tissue  of  the  motor  and  sensory 
nerves,  like  most  other  tissues  of  the  body,  is  provided  with  sensory  nerves  (Nervi 
nervorum,  p.  530). 

[It  does  not  follow  that  section  of  a  peripheral  cutaneous  nerve  M'ill  cause  anresthesia  in  the 
part  to  which  it  is  distributed  ;  in  fact,  one  of  the  principal  nerve  trunks  of  the  brachial  plexus 


Fig.  436. 


_glion.  «, nerve-fibre;  h,  nerve-cells; 
c,  capsule. 
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may  bo  divided  without  giving  rise  to  complete  anoesthesia  iu  any  part  of  the  area  of  distribu- 
tion of  the  sensory  branciios  of  the  nerve,  and  even  if  there,  be  partial  or  complete  cutaneous 
amv'sthesia,  it  is  much  less  in  extent  than  corresponds  to  the  anatomical  area  of  distribution. 
The  amcsthetic  area  tends  to  become  smaller  in  extent  (ii'os.s).  Thus,  there  is  not  complete 
independence  in  the  distribution  of  these  nerves.  These  results  are  explained  by  the  anas- 
tomosis between  branches  of  nerves,  the  exchange  of  libres  in  the  terminal  networks,  while  some 
sensory  libres  enter  the  peripheral  parts  of  a  nerve  and  run  centri])etally,  perhaps  being  distri- 
buted to  the  skin  and  conferring  recurrent  sensibility  on  the  peripheral  part  of  the  nerve.] 

Eelative  Positiou  of  Motor  and  Sensory  Fibres. — In  embryos  (rabbit)  the  motor  libres  stain 
more  deeply  with  carmine  than  the  sensory  fibres,  so  that  their  position  in  the  peripheral  nerves 

of  distribution  may  thereby  be  made  out.  In  the 
anterior  braiicli  of  a  spinal  nerve,  the  sensory  libres 
lie  in  the  outer  part  of  the  branch,  the  motor  in  the 
inner  part  ;  while  this  relation  is  reversed  in  the 
posterior  root  {L.  Lowe). 

Deduction  from  Bell's  Law. — Careful  ob- 
servations of  the  effects  of  section  of  the  roots 
of  the  spinal  nerves  {Matjendie,  1822),  as  well 
as  the  discovery  of  the  reflex  relation  of  the 
stimulation  of  the  sensory  roots  to  the  ante- 
rior, constituting  reflex  movements  {Marshall 
Hall,  Johannes  Muller,  1832),  enable  us  to 
deduce  the  following  conclusions  from  Bell's 
law : — 1.  At  the  moment  of  section  of  the 
anterior  root,  there  is  a  contraction  in  the 
muscles  supplied  by  this  root.    2.  There  is  at 
the  same  time  a  sensation  of  pain  due  to  the 
"  recurrent  sensibility."    3.  After  the  section, 
the  corresponding  muscles  are  paralysed.  4. 
Stimulation  of  the  peripheral  trunk  of  the 
anterior  root  (immediately  after  the  operation) 
causes  contraction  of  the  muscles,  and  eventu- 
ally pain,  owing  to  the  recurrent  sensibility. 
5.  Stimulation  of  the  central  end  is  vnthout 
effect.    6.  The  sensibility  of  the  paralysed 
Darts  is  retained  completely.    7.  At  the  mo- 
ment of  section  of  the  posterior  root,  there 
is  severe  pcdn.    8.  At  the  same  time  move- 
ments are  discharged  reflexly.    9.  After  the 
section,  all  parts  supplied  by  the  divided  roots 
are  devoid  of  sensibility.    10.  Stimulation  of 
the  peripheral  trunk  of  the  divided  nerve  is 
without  effect.    11.  Stimtdation  of  the  central 

12. 
13. 


10  me 

Fig.  437. 

Distribution  of  the  cutaneous  nerves  of  the 
arm.  A,  Dorsal  surface— I  sc,  supra- 
clavicular;  S  ax,  axillary  ;  3  cps,  supe-    yy^^^^j^^  ^xx^v.^.   

rior  posterior  cutaneous ;  4  and,  median  g^^j  causes  paiji  and  relieo;  movements, 
cutaneous  ;  5  cpi,  inferior  posterior  cu-  central  end  ultimately  degenerates, 
taneous  ;  6  cm,  median  cutaneous  ;  7  ^^^^^^^^  completely  in  the  para- 

lysed parts,  e.g.,  in  the  extremities. 

The  ultimate  effect,  known  as  Walleriau 
degeneration,  which  follows  section  of  the 
nerve  or  its  roots,  is  referred  to  in  §  325. 
Recently,  Joseph  has  slightly  modified  the 
statements  of  Waller  on  the  degeneration  in  the  posterior  roots.  According  to  him 
the  spinal  ganglion  is  the  nutritive  centre  for  by  far  the  largest  number  of  the  fibres 
of  this  root;  but  individual  fibres  traverse  the  ganglion  without  forming  connec- 
tions with  its  cells,  so  that  the  nutritive  or  trophic  centre  for  this  small  number  ed 
nerve-fibres  is  iu  the  spinal  cord. 


cl,  lateral  cutaneous  ;  <S  m,  ulnar  ;  9  ra, 
radial ;  10  me,  median.  B,  volar  sur- 
face— 1  sc,  supra-clavicular  ;  ^  ax, 
axillary  ;  3  cmd,  internal  cutaneous  ;  4 
cl,  lateral  cutaneous  ;  5  cm,  cutaneous 
medius  ;  6"  mc,  median  ;  7  «,  ulnar. 
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Inco-ordinated  Movements  Qf  Insensible  Limbs.— After  section  of  the  posterior  roots,  e.g., 
of  the  nerves  for  the  posterior  extremities,  the  muscles  retain  their  movements,  nevertheless 
there  arc  characteristic  disturbances  of  their  motor  power.  This  is  expressed  in  the  awkward 
manner  in  which  the  animal  executes  its  movement— it  has  lost  to  a  lai'ge  extent  its  harmony 
and  elegance  of  motion.  This  is  due  to  the  fact 
that,  owing  to  the  absence  of  the  sensibility  of  the 
muscles  and  skin,  the  animal  is  no  longer  conscious 
of  the  resistance  wliich  is  opposed  to  its  movements. 
Hence,  the  degree  of  muscular  energy  necessary  for 
any  particular  cfibrt  cannot  be  accurately  gradu- 
ated. Animals  wliich  have  lost  the  sensibility  of 
their  extremities  often  allow  their  limbs  to  lie  in 
abnormal  positions,  such  as  a  healthy  animal  would 
not  tolerate.  In  man  also,  when  the  peripheral 
ends  of  the  cutaneous  nerves  are  degenerated,  there 
are  ataxic  phenomena  (§  364,  3). 

Increased  Excitability. — Harless  (1858),  Ludwig, 
and  Cyon  (controverted  by  v.  Bezold,  Uspensky, 
Griinhagen,  and  G.  Heidenhain)  observed  that  the 
anterior  root  is  more  excitable  as  long  as  the  pos- 
terior roots  remain  intact  and  are  sensitive,  and 
that  their  excitability  is  diminished  as  soon  as  the 
posterior  roots  are  divided.  In  order  to  explain 
this  phenomenon,  we  must  assume  that,  in  the 
intact  body,  a  series  of  gentle  impulses  (impres- 
sions of  touch,  temperature,  position  of  limbs,  &c.) 
are  continuously  streaming  through  the  posterior 
roots  to  the  spinal  cord,  where  they  are  transfeiTed 
to  the  motor  roots,  so  that  a  less  stimulus  is  required 
to  excite  the  anterior  roots  than  when  these  reflex 
impulses  of  the  posterior  root,  which  increase  the 
excitability,  are  absent.  Clearly,  a  less  stimulus 
will  be  required  to  excite  a  nerve  already  in  a  gentle 
state  of  excitement  than  in  the  case  of  a  fibre  which 
is  not  so  excited.  In  the  former  case,  the  dis- 
charging stimulus  becomes  as  it  were  superposed  on 
the  excitement  already  present.    (Compare  §  362.) 

The  anterior  roots  of  the  spinal  nerve.s 
supply  eflferent  fibres  to — 

1.  All  the  voluntary  muscles  of  the  trunk 
and  extremities. 

Every  muscle  always  receives  its  motor  fibres  from 
several  anterior  roots  (not  from  a  single  nerve-root). 
Hence,  every  root  supplies  branches  to  a  particular 
group  of  muscles  {Preyer,  P.  Bert,  Gad).  The  ex- 
periments of  Ferrier  and  Yeo  show  that  stimulation 
of  each  of  the  anterior  roots  in  apes  (brachial  and 
lumbo-sacral  plexuses)  caused  a  complex  co-ordi- 
nated movement.  Section  of  one  root  did  not  cause 
complete  paralysis  of  the  muscles  concerned  in 
these  co-ordinated  movements,  although  the  force 
of  the  movement  was  impaired.  These  experiments 
confirm  the  results  of  clinical  observation  on  man. 
The  fibres  for  groups  of  muscles  of  different  func- 
tions {e.g.,  for  flexors,  extensors)  arise  from  special 
limited  areas  of  the  spinal  cord.  The  cervical  and 
lumhar  enlargements  of  the  spinal  cord  are  great 
centres  for  highly  co-ordinated  muscular  move- 
ments. ' 


Fig.  438. 

Distribution  of  the  cutaneous  nerves  of  the 
,leg  (after  Henle).  A,  Anterior  surface 
— 1,  crural  nerve ;  2,  external  lateral 
cutaneous  ;  3,  ilio-inguinal  ;  4,  lumbo- 
inguinal  ;  5,  external  spermatic  ;  6,  pos- 
terior cutaneous  ;  7,  obturator  ;  8,  gi-eat 
saphenous ;  9,  communicating  peroneal ; 
10,  superficial  peroneal;  11,  deep  peroneal; 
12,  communicating  tibial.  B,  Posterior 
surface — 1,  posterior  cutaneous  ;  2,  ex- 
ternal femoral  cutaneous  ;  3,  obturator  ; 

4,  median  posterior  femoral  cutaneous  ; 

5,  communicating  peroneal  ;  6,  great 
saphenous  ;  7,  communicating  tibial ;  8, 
plantar  cutaneous  ;  9,  median  plantar  ; 

2.  The  anterior  roots  also  supply  motor  lateral  plantar. 

fibres  for  a  number  of  organs  provided  with  smooth  muscular  fibres,  e.g.,  the  bladder 
(§  280),  ureter,  uterus.  [These  are  the  viscero-motor  nerves  of  Gaskell,  and  from 
them  come  also  viscero-inhibitory  nerves.] 

3.  Motor  fibres  for  the-  smooth  muscular  fibres  of  the  blood-vessels,  the  vaso- 
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motor,  vaso-constrictor,  or  vaso-hypertonic  nerves  [also  accelerator  or  augmentor 
nerves  of  the  heart].  They  run  in  the  sympathetic  for  a  part  of  their  coui-se 
(§  371). 

4.  Inhihitory  fibres  for  the  blood-vessels.  These  are  but  imperfectly  known. 
They  are  also  called  vaso-dilator  or  vaso-hypotonic  nerves  (§  372).  [Also  inhibitory 
nerves  for  the  heart,  which  leave  the  spinal  axis  in  the  vagus.] 

5.  Secretory  fibres  for  the  sweat-glands  of  the  skin  (§  289).    For  a  part  of  their 
course  they  run  in  the  sympathetic. 

6.  Trophic  flhres  of  the  tissues  (§  342,  I.,  c). 

The  posterior  roots  contain  all  the  sensory  nerves  of  the  whole  of  the  skin  and 
the  internal  tissues,  except  the  front  part  of  the  head,  face,  and  the  internal  part  of 
the  head.  They  also  contain  the  tactile  nerves  for  the  areas  of  the  skin  already 
mentioned.  Stimuli  which  discharge  reflex  movements  are  conducted  to  the  spinal 
cord  through  the  posterior  roots.  The  sensory  fibres  of  a  mixed  nerve-trunk  supply 
the  cutaneous  area,  which  is  moved  by  those  muscles  (or  which  covers  those  muscles) 
to  which  the  same  branch  supplies  the  motor  fibres.  The  special  distribution 
of  the  motor  and  sensory  nerves  of  the  body  belongs  to  anatomy  (figs.  429,  430, 
437,  438). 

[Physiology  of  the  Limb-Plexuses.— The  idea  that  the  nerve-strands  become  rearranged  in  the 
limb-plexuses  so  as  to  connect  nerves  derived  from  different  parts  of  the  spinal  cord  with 
particular  groups  of  muscles,  in  order  to  allow  of  "  co-ordination  of  muscular  action,   does  not 
seem  to  be  borne  out  by  more  extended  observation.    Herringham  has  shown  by  dissection  (and 
the  same  is  seen  in  cases  of  paralysis  of  motion  and  sensation)  that  a  given  muscle  or  part  ol  a 
muscle  and  a  given  spot  of  skin,  are  supplied  by  particular  branches  of  individual  spmal  nerves 
nroceeding  directly  from  the  spinal  cord.    The  reason  that  the  plexuses  exist  is,  apparently,  not 
a  physiological  one.    Co-ordination  cannot  be  effected  in  the  plexus,  where  the  axis-cylinders 
of  the  nerves  do  not  divide  ;  but  only  in  the  spinal  cord  and  central  nervous  system  and 
through  the  intervention  of  nerve-cells.    The  existence  of  the  plexuses  is  due  to  the  tact  that 
embryologically  the  limb  consists  of  a  flattened  lappet,  or  bud,  derived  from  certain  somites,  but 
at  first  presenting  no  signs  of  segmentation,  with  a  preaxial  and  a  postaxial  border,  and  outer 
(dorsal)  and  inner  (ventral)  surfaces  of  skin,  covering  a  double  layer  of  muscle  on  each  surface. 
The  dorsal  and  ventral  branches  of  the  nerves  supply  these  respective  surfaces  ;  and  alter  the 
nerves  have  grown  out,  the  simple  muscular  strata  become  split  up  into  individual  muscles, 
which  contain  elements  derived  from  one  or  more  segments  represented  m  the  primitive  limb. 
Each  nerve  is  segmental,  and,  therefore,  supplies  a  muscle  derived,  for  example,  from  the 
elements  of  two  segments  ;  the  nerve  of  distribution  must  contain  corresponding  parts  of  two 
segmental  nerves.    The  plexuses  appear,  therefore,  from  an  embryological  cause,  and  have  no 
direct  physiological  significance  {A.  M.  Pater  son).'] 

356  THE  SYMPATHETIC  NEEVE.— [Anatomical.— The  sympathetic  nervous  system 
contains  a  large  number  of  non-meduUated  or  Remak's  fibres,  and  consists  of  a  series  of  gangUa 
lying  on  each  side  of  the  vertebral  column  and  connected  with  each  other  by  mter-gangliomc 
fibres.  The  typical  distribution  obtains  in  the  thoracic  region,  where  the  lateral  or  vertebral 
ganglia  lie  close  on  the  vertebrte.  In  front  of  this  is  a  second  series  g^^^S^i^' y^.TthP  nre 
form  a  double  line,  but  are  connected  with  the  former  and  with  each  other  They  are  the  pre- 
vertebral or  coUateral  ganglia,  e.g.,  semilunar,  inferior  mesenteric,  &c.,  the  nerves  connecting 
Ihem  with  the  former  be1ng%alled  rami  efferentes.  From  these,  fibres  proceed  to  connect  them 
mth  ganglia  lying  in  or  about  tissues  or  organs-the  terminal  ganglia  {Gaskcll).] 

[Each  spinal  nerve  in  this  region  is  connected  with  its  con-esponding  «y"^P^t^^^^,«^£^"fl'°^ 
by  the  ramus  communicans,  which  is  formed  by  fibres  both  from  the  anterior  and  posterior  roots 
of  a  spinal  nerve.  It  corresponds  to  the  visceral  nerve  of  the  morphologist  and  i«  c^^TC^^  °^ 
two  parts-a  white  and  a  grey  ramus.  The  white  ramus  is  composed  entirely  of  '^edimate^^ 
fibres  and  coming  from  the  anterior  and  posterior  roots  of  a  spinal  nerve  passes  into  the  lateral 
and  collaterarganglia.  These  white  rami  occur  in  the  dog  only  from  the  2nd  thoracic  to  the 
2nd  lumbar  nerve  (fig.  439).  Above  and  below  this,  the  rami  are  all  grey  and  composed  of  non- 
medullated  nerve-fibres  {Oaskell).'] 

rin  man  the  four  upper  rami  communicantes  from  the  four  upper  cervioil  nerves  all  join  the 
suneC  Srvical  ganglion  (fig.  428,  G  g,  s),  the  .5th  and  6th  join  the  middle  cervical  the  /th 
•  an^  8th  the  Tnfeiforlervical  ganglion.    The  lowest  pair  of  ganglia  are  geB^rjjlb^^it^^  by  * 
foop  on  tt  fronTof  the  first  coccygeal  vertebra,  and  they  ite  in  relation  with  the  coccygeal 

"Tcep^lic  Portion.-As  the  sympathetic  ascends  to  the  head  it  forms  connections  ^vith  many 
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of  the  cranial  nerves,  and  there  is  a  free  exchange  of  fibres  between  these  nerves.  (The  function 
and  significance  of  thesi;  exchanges  are  referred  to  under  the  physiology  of  the  cranial  nerves).] 

[Doreal  and  Abdominal  Portion. — Numerous  fibres  jmss  from  these  parts  chiofiy  to  the  thoracic 
and  abdominal  cavities,  where  they  form  large  gangliated  plexuses,  from  which  functionally 
ditterent  fibres  proceed  to  the  dilferent  organs.] 

[In  the  dog,  the  2nd,  3rd,  4th,  and  5th  thoracic  pass  upwards  into  the  cervica,l  .sympathetic, 
those  in  the  'dorsal  region  being  directed  downwards  from  the  lateral  ganglia  to  form  the 
splanchnics  (fig.  439).  Tlie  grey  non-medullated  nerve-fibres  of  each  grey  ramus  are  connected 
with  the  cells  of  its  ganglion  (lateral)  ;  the  fibres  do  not  go  beyond  the  ganglion,  but  really  run 
to  the  corresponding  spinal  nerve  to  ramify  in  the  sheaths  of  the  nerves,  the  connective-tissue 
on  the  vertebraj  and  the  dura  mater,  and  perhaps  the  other  spinal  membranes  ;  so  that,  accord- 
iw  to  Gaskell,  no  non-raedullated  nerves  leave  the  central  nervous  .system  by  the  spinal  nerve- 
roots.  Thus,  the  white  rami  communicantes  alone  constitute  the  rami  viscerales  of  the  morpho- 
logist,  and  all  the  visceral  nerves  passing  out  from  the  central  nervous  system  into  the  sympa- 
thetic system  pass  out  by  them  alone.  All  tiie  nerves  in  the  white  ramus  are  of  small  calibre 
(1"8  to  27  ix)  and  meduUated,  while  the  true  motor  fibres  are  much  larger  (14-4  fj.  to  19  fi). 
The  small,  white  fibres  can  be  traced  upwards  as  meduUated  fibres  into  the  superior  cervical 
ganglion,  and  in  the  thorax  over  the  lateral  ganglia  to  form  the  splanclinics  into  the  collateral 
ganglia,  beyond  which  they  cease  to  be  meduUated.  By  the  2nd  and  3rd  sacral  nerves  some 
fibres  of  smallest  calibre  issue  to  form  the  nervi  erigentes,  which  pass  over  and  do  not  com- 
municate with  the  lateral  ganglia,  but  enter  the  hypogasti'ic  plexus,  whence  they  send  branches 
upwards  to  the  inferior  mesenteric  plexus  and  downwards  to  the  bladder,  rectum,  and  generative 
organs.    Gaskell  proposes  to  call  them  the  pelvic  splanchnic  nerves  (fig.  439).] 

[In  the  cervical  region,  there  is  no  white  ramus,  and  the  nerve-roots  contain  no  nerve-fibres 
of  small  calibre.  But  in  this  region  rises  the  spinal  accessory  nerve,  between  the  anterior  and 
posterior  roots.  It  contains  smaU  and  large  nerve-fibres;  the  former  pass  into  the  internal 
division  of  this  nerve  and  join  the  ganglion  of  the  trunk  of  the  vagus,  while  the  large  motor 
fibres  form  its  external  branch  and  supply  the  sternomastoid  and  trapezius  muscles.] 

[All  the  vaso-motor  nerves  arise  in  the  central  nervous  system,  and  they  leave  the  spinal 
cord  as  the  finest  meduUated  fibres  in  the  anterior  roots  of  all  the  spinal  nerves  between  the  2nd 
thoracic  and  2nd  lumbar  (dog)  "along  the  corresponding  ramus  visceralis,  enter  the  lateral  or 
main  sympathetic  chain  of  ganglia,  where  they  become  non-medullated,  and  are  thence  distri- 
buted either  directly  or  after  communication  with  other  ganglia"  {Gaskell).] 

[The  vaso-dilator  nerves  leave  the  central  nervous  system  among  the  fine  meduUated  fibres, 
which  help  to  form  the  cervico-eranial  and  sacral  rami  viscerales,  and  pass  without  altering  their 
character  into  the  distal  ganglia"  (Gaskell).] 

["  The  viscero-motor  nerves  upon  which  the  peristaltic  contraction  of  the  thoracic  portion 
of  the  oesophagus,  stomach,  and  intestines  depends,  leave  the  central  nervous  system  in  the  out- 
flow of  fine  meduUated  nerves  which  occurs  in  the  upper  part  of  the  cervical  region,  and  pass 
by  way  of  the  rami  viscerales  of  the  accessory  and  vagus  nerves  to  the  ganglion  trunci  vagi, 
where  they  become  non-medullated  "  (Gaskell).] 

I"  The  inhibitory  nerves  of  the  circular  muscles  of  the  alimentary  canal  and  its  appendages 
leave  the  central  nervous  system  in  the  anterior  roots,  and  pass  out  among  the  fine  meduUated 
fibres  of  the  rami  viscerales  into  the  distal  ganglia  without  commmiication  with  the  proximal 
ganglia"  (Gaskell).] 

[Stnicture  of  a  Ganglion. — The  structure  of  the  sympathetic  nei-ve-flbres  and  nerve-cells  has 
already  been  described  in  §321.  On  making  a  section  of  a  sympathetic  ganglion,  e.g.,  the 
human  superior  cervical,  we  observe  gi-oups  of  cells  with  bundles  of  nerve-fibres — chiefly  non- 
medullated — running  between  them,  and  the  whole  surrounded  by  a  laminated  capsule  of  con- 
nective-tissue, which  sends  septa  into  the  ganglion.  The  nerve-ceUs  have  many  processes,  and 
are,  therefore,  multipolar,  and  each  cell  is  surrounded  by  a  capsule  with  nuclei  on  its  inner 
surface  (fig.  368,  II).  The  processes  pierce  the  capsule,  and  one  of  them  certainly — and  perhaps 
aU  the  processes — are  connected  with  a  nerve-fibre.  Ranvier  states  that  each  cell  has  a 
fibrillated  outer  portion  and  a  more  granular  inner  part.  Each  of  the  processes  becomes  con- 
tinuous with  a  fibre  of  Remak.  Not  unfrequently  yellowish-brown  pigment  is  found  in  the 
ceU-substanc8.  Similar  cells  have  been  found  in  the  ophthalmic,  sub-maxillary,  otic,  and 
spheno-palatine  ganglia.  The  number  of  meduUated  nerve-fibres  diminishes  as  the  sympathetic 
nerves  are  traced  towards  their  distribution.  Ranvier  states  that  it  is  possible  in  the  rabbit  to 
trace  the  conversion  of  a  meduUated  fibre  into  a  branched  fibre  of  Remak.  The  blood-vesselfi  of 
the  symyiathetic  ganglia  in  mammals  are  peculiar.  The  arteries  are  small,  and  after  sub- 
division form  a  capillary  network,  each  mesh  of  which  encloses  several  ganglionic  cells.  The 
veins  on  the  contrary  are  very  large,  tortuous,  varicose,  and  often  terminate  in  culs-de-sac, 
into  wliicli  several  capillaries  open.  The  arrangement  of  the  veins  is  spoken  of  as  the  venous 
sinuses  of  these  ganglia,  being  compared  by  Ranvier  to  the  sinuses  of  the  dura  mater  and 
venous  plexuses  of  the  spinal  canal.] 

Functions. — The  following  is  merely  a  general  summary  : — 
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I.  Independent  Functions  of  the  sympathetic  are  those  of  certain  nerve  plexuses 
which  remain  after  all  the  nervous  connections  with  the  cerebro-spinal  branches 
—  a:..;a^a     rj^i^Q  activities  of  these  plexuses  may  be  influenced — either  in 

the  direction  of  inhibition  or  stimula- 


have  been  divided. 
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c««x''.<.«-;^;tf=r!|^^^  tion — through  fibres   reaching  them 

from  the  cerebro-spinal  nerves. 
To  these  belong : — 

1.  The  automatic  ganglia  of  the 
heart  {§  58). 

2.  The  mesenteric  plexus  of  the  in- 
testine (§161). 

3.  The  plexuses  of  the  uterus,  Fal- 
lopian tubes,  ureters  (also  of  the  blood- 
and  lymph-vessels). 

II.  Dependent  Functions.— Fibres 
run  in  the  sympathetic,  which  (like 
the  peripheral  nerves)  are  active  only 
when  their  connection  with  the  central 
nervous  system  is  maintained,  e.g.,  the 
sensoryfibres  of  the  splanchnic.  Others 
again  convey  impulses  from  the  central 
nervous  system  to  the  garujlia,  while 
the  ganglia  in  turn  modify  the  impulses 
which  inhibit  or  excite  the  movements 
of  the  corresponding  organs. 

The  following  statement  is  a  rcsumi  of  the 
functious  of  the  sympathetic,  according  to 
the  anatomical  arrangement : — 

A.  Cervical  Part  of  the  Sympa- 
thetic. —1.  Pupil-dilating  fibres  (com- 
pare Ciliary  ganglion,  §  347,  I.,  and 
Iris,  §  392).  According  to  Budge, 
these  fibres  arise  from  the  spinal  cord, 
and  run  through  the  upper  two  dorsal 
and  lowest  two  cervical  nerves  into  the 
cervical  sympathetic,  which  conveys 
them  to  the  head.  Section  of  the  cer- 
vical sympathetic  or  its  rami  communi- 
cantes  causes  contraction  of  the  pupil. 
(The  central  origin  of  these  fibres  is 
referred  to  in  §  362,  1,  and  §  367,  8.) 

2.  Motor  fibres  for  Miiller's  smooth 
muscle  of  the  orbit,  and  jjaHly  for  the 
external  rectus  muscle  (§  348). 

3.  Vaso-motor  branches  for  the 
outer  ear  and  the  side  of  the  face  {CI. 
Bernard),  tympanum  {Pnissak\  con- 
junctiva, iris,  choroid,  retina  (onjy  in 
part — see  Ciliary  ganf/lion,  %  347,  I.), 

for  the  vessels  of  the  oesophagus,  larynx,  thyroid  gland— fibres  for  the  vessels  of  the 
brain  and  its  membranes  {Bonders  and  Callenfels). 

4.  In  the  cervical  portion  are  afferent  fibres  which  excite  the  vaso-motor  centre 

in  the  medulla  {Aubert).  i    j  zo  i  -k\ 

5.  Secretory  (trophic)  and  vaso-motor  fibres  for  the  salivary  glands  (§  lio;. 
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6.  Sweat-secretory  fibres  (see  §  288,  II.). 

7.  According  to  Wolferz  and  Demtschenko  the  lachrymal  glands  receive  sympa- 
thetic secretory  fibres  (1). 

B.  Thoracic  and  Abdominal  Sympathetic. — First  of  all  there  is — 

1.  The  sympathetic  portion  of  the  cardiac  plexus  (§  57,  2),  which  receives 
accelerating  or  angmentor  fibres  for  the  heart  from  the  lower  cervical  and  1st 
thoracic  ganglion  (CL  Bernard,  v.  Bezold,  Cyan,  Schmiedeherg).  The  fibres  arise 
partly  from  the  sympathetic  and  partly  from  the  plexus  around  the  vertebral  artery 
{v.  Bezold,  Bever).    (Compare  §  370.) 

2.  For  the  vaso-motor  fibres  passing  through  the  sympathetic  to  the  extremities, 
skin  of  the  trunk,  and  lungs  (see  §  371).    For  vaso-dilators  (§  472). 

3.  The  cervical  sympathetic  and  the  splanchnic  contain  fibres  which,  when  their 
central  ends  are  stimulated,  excite  the  cardio-inhibitory  system  in  the  medulla 
oblongata  {Bernstein). 

4.  The  functions  of  the  splanchnic  are  referred  to  in  §§  164,  175,  276,  and  371. 

5.  The  functions  of  the  coeliac  and  mesenteric  plexuses  are  referred  to  in 
§§  183  and  192.  After  extirpation  of  the  coeliac  ganglion,  Lamansky  observed 
temporary  disturbance  of  digestion,  undigested  food  being  passed  per  anum. 

6.  For  the  secretory  fibres  for  sweating,  see  §  289,  II. 

7.  Lastly,  the  abdominal  portion  of  the  sympathetic  contains  motor  and  vaso- 
motor fibres  for  the  spleen,  the  large  intestine  (accompanying  its  arteries),  bladder 
(§  280),  ureters,  uterus  (running  in  the  hypogastric  plexus),  vas  deferens,  and 
vesiculfe  seminales.  Stirmilation  of  all  of  these  nerve  channels  causes  increased 
movement  of  the  organs,  but  it  must  be  remembered  that  the  diminished  supply  of 
blood  thereby  produced  also  acts  as  a  stimulus  (§  161).  Section  of  these  nerves  is 
followed  by  dilatation  of  the  blood-vessels,  with  subsequent  derangement  of  the 
circulation,  and  ultimately  of  the  nutrition.  The  relation  of  the  suprarenal 
bodies  to  the  sympathetic  is  referred  to  in  §  103,  IV.  The  renal  plexus  is  referred 
to  in  §  276,  while  the  cavernous  plexus  is  treated  of  in  §  436. 

Pathological.— Considering  the  numerous  connections  of  the  sympathetic,  we  would  naturally 
suppose  that  it  offers  an  extensive  area  for  pathological  changes.  Affections  involving  the  vaso- 
motor system  are  referred  to  in  §  371. 

Tlie  cervical  eympathetic  is  most  frequently  paralysed  or  stimulated  by  ti-aumatic  conditions, 
wounds  by  bullets  or  knives,  tumours,  enlarged  lymph-glands,  aneurisms,  inflammation  of  the 
apices  of  the  lungs  and  the  adjacent  pleur£e,  while  exostoses  of  the  vertebrae  may  stimulate  it  in 
part  or  paralyse  it  in  part.  The  phenomena  so  produced  have  been  partly  analysed  in  treatino- 
of  the  ciliary  ganglion  (§  347,  I.).  Stimulation  of  the  cervical  sympathetic  in  man  causes 
dilatation  of  the  pupil  (mydriasis  spastica),  palor  of  the  face,  and  occasionally  hyperidi-osis  or 
profuse  sweating  (§  289,  2,  and  §  288);  disturbance  of  vision  for  near  objects,  as  the  pupil 
canuot  be  contracted  (see  Accomviodation),  and  hence  the  spherical  aberration  of  the  lens 
{§  391)  must  also  interfere  with  vision ;  protrusion  of  the  eyeball  with  widening  of  the  palpebral 
fissure.  Paralysis  or  section  of  the  cervical  sympathetic  causes  increased  fulness  of  the  blood- 
vessels of  the  side  of  the  head,  with  occasional  anidrosis  ;  contraction  of  the  pupil  ''myosis 
paralytica),  which  undergoes  changes  in  its  diameter  during  accommodation,  but  not  as  the 
effect  of  the  stimulation  of  light-atropin  dilates  it  slightly.  The  slit  between  the  eyelids  is 
narrowed,  the  eyeball  retracted  and  sunk  in  the  orbit,  the  cornea  somewhat  flattened  and  the 
consistence  of  the  eyeball  diminished.  Stimulation  of  the  sympathetic  is  followed  bv  an 
increased  secretion  of  saliva  (§  145).  The  .ibove  described  symptoms  have  been  oceasiouallv 
accompanied  by  unilateral  atrophy  of  the  face. 

[Section  of  the  Cervical  Sympathetic— This  experiment  is  easily  done  on  a 
rabbit  preferably  an  albino  one.  Divide  the  nerve  in  the  neck,  and  immediately 
thereatter  (1)  the  ear  and  adjoining  parts  on  that  side  become  greatly  congested 
with  blood,  blood-vessels  appear  that  were  formerly  not  visible,  and  as  a  result  of 
the  increased  quantity  of  blood  in  the  ear  (hyperasmia),  there  is  (2)  a  rise  of  the 
temperature  amounting  to  even  4°  to  6°  C.  {CI.  Bernard).  These  are  the  mso- 
mo<or  changes^  (3)  The  pupil  is  contracted,  the  cornea  flattened,  and  there  is 
retraction  ot  the  eyeball  and  consequent  narrowing  of  the  palpebral  fissure.  These 
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are  the  oculo-pupillary  symijtoius.  Stimulation  (electrical)  of  the  peripheral  end 
produces  the  opposite  results,— pallor  of  the  ears,  owing  to  contraction  of  the  blood- 
vessels, with  consc(iuent  fall  of  the  temperature ;  dilatation  of  the  pupil,  bulging  of 
the  cornea,  protrusion  of  the  eyeball  (exophthalmos),  and  widening  of  the  palpebral 
fissure.  At  the  same  time,  the  blood-vessels  to  the  salivary  glands  are  contracted, 
and  there  is  a  secretion  of  thick  saliva.  The  last  results  are  due  to  the  vaso- 
constrictor and  secretory  fibres.  The  vaso-motor  and  oculo-pupillary  fibres,  although 
they  lie  in  the  same  trunk  in  the  neck,  do  not  issue  from  the  cord  by  the  same 
nerve-roots ;  the  latter  come  out  of  the  cord  with  the  anterior  roots  of  the  1st  and 
2nd  dorsal  nerves  (dog),  while  section  of  the  cord  between  the  2nd  and  4th  dorsal 
vertebrae  produces  the  vaso-motor  changes  only.  The  nasal  mucous  membrane  and 
lachrymal  gland  are  influenced  by  the  sympathetic] 

[Division  of  the  cervical  sympathetic  iu  young,  growing,  animals  results  in  hypertrophy  of 
the  ear,  and  increased  growth  of  the  hair  on  that  side  {Bidder,  W.  Stirling).)  _ 

[The  vago-sympathetic  nerve  (dog)  in  the  neck  contains  vaso-dilator  hbres  (really  in  the 
sympathetic)  for  the  skin  and  mucous  membranes  of  that  side  of  the  head.  Weak  stuuulation 
of  the  central  end  of  the  sympathetic  causes  dilatation  of  the  blood-vessels  of  these  parts,  llie 
vaso-dilator  fibres  of  the  superior  maxillary  nerve  probably  come  from  the  same  source,  ihe 
centre  for  these  nerves  is  in  the  dorsal  region  of  the  cord  between  the  1st  and  5th  dorsal 
vertebrae,  where  the  fihres  pass  out  with  the  rami  communicantes  to  enter  the  cervical  sympathetic 
(Dastre  and  Moral).  The  vaso-dilator  fibres  occur  in  the  posterior  segment  of  the  ring  ot 
Vieussens,  and  when  they  are  stimulated  after  section  of  the  7th  cranial  nerve,  there  is  a 
"  pseudo-motor  "  effect  on  the  muscles  of  the  cheek  and  hp  (§  349).]  .  . 

Irritation  iu  the  area  of  the  splanchnic,  as  occurs  occasionally  in  lead  poisoning,  is 
characterised  by  violent  pain  (lead  colic),  inhibition  of  the  intestinal  movemente,  (hence 
the  persistent  constipation),  slowing  of  the  heart's  action,  brought  about  reflexly,  just  as  m 
ftrTuk  "taiiDin-"  exneriment  (§  369).  Irritation  iu  the  area  of  the  sen.sory  nerves  of  the 
?ympathet  Ta/give  i^Tt"  that^Lndi^  which  is  called  by  Romberg  neuralgia  bypogastrica. 
a  painful  affectioS  of  the  lower  abdominal  and  sacral  regions,  hysteialgia,  neuralgia  testis 
vMc^^  a  e  localised  iu  the  plexuses  of  the  sympathetic.  In  atfections  of  th^  «Mc>«u«^Z 
Ijmvanictic,  there  may  be  severe  constipation,  with  diminished  or  increased  secretion  of  the 
intestinal  glands  (§186). 

qR7  COMPARATIVE-HISTORICAL.-Comparative.— Some  of  the  cranial  nerves  may 
be  absent  others  again,  may  be  abortive,  or  exist  as  branches  of  other  nerves  The  facial 
nerve  which  supplies  the  muscles  of  expression  in  man,  and  is,  at  the  same  time  the  nerve  for 
facial'  respiratory  movements,  diminishes  more  and  more  iu  the  lower  clas.ses  of  the  ver  ebrata, 
';iHpZ^:^".^t^.  diminution  of  the  facial  muscles  In  f  <^«/^^/^Pj^\«^  ll 
mnqplps  of  the  hvoid  bone  or  the  superficial  cervical  muscles  of  the  nape  ot  tne  necK.  in 
S^SiaL  fLTthe  facial  no  longer  exists  as  a  separate  nerve,  the  nerve  which  corresponds 
rSsmZin I  from  the  tr^^^^^  In  fishes,  the  5th  and  7th  nerves  form  a  jomt  complex 
nerve  The  part  corresponding  to  the  facial  (also  called  ramus  opercularis  tngemmi)  is  the  oh  ef 
So^nerve  Ke  inuscles  of  the  gill-cover,  and  is,  therefore,  the  respiratoiy  nerve.  In  the 
"clostomr  ilmprey)  there  is  an  independent  facial  The  vagus  .s^.^t  -  ^^l^^^e^^^^^^^ 
d  fi<,hPs  it  o-ives  offa  laro-e  nerve,  the  lateral  nerve  of  the  body  (N.  lateralis),  w  men  runs  aiou 

sfde'of  tr'boVy"  cfose  to 'the  lateral  canaL    It  ^-^V^^^^f 
rudimentary  representative  in  man  is  the  — ^^/gf^^^^^^^^^  ^°n^'hes  and  amphibia, 

nth  arise  together  IVom  one  trunk,  and  the  7th  and  8th  ti°^,^J^°^  ^®|,;  , -,-:j.„l  nerves  are 
the  hypoglossal  is  the  first  cervical  nerve  In  amphioxus,  t^^^yfJ^l^^^J.  f  f^^c^^^^^^^^^^  the 
not  distinct  from  each  other.    The  spinal  nerves  are  ^'^^^'t'-k^^ly  ^^"^  J^^/^^^^^^^  t  Se 

"mlS-Th:  vSus  and  sympathetic  were  known  to  the  Hil^-J  ^diod.^^  A^^^^^^^^^ 
toSstratus,  all  the°nerves  prLld  from  the  b-in  ai^d  s^^^^^^^^  ^iSf  S  Teh 'o^h'et 
to  distinguish  the  nerves  from  the  tendons,  f^^^^f 

Marianus  (80  A.n.)  recognised  seven  pairs  "V^iT.!™  sVsteni  (§  IW)  he  observed  that  loss 
range  of  important  facts  in  the  physiology  of  the  ne  vous  ^^^^^^^  [^"J  '  accessorius, 
of  voice  followed  ligature  of  the  recuiTcnt  nerves  ;  and^^^  the  Talmud  ; 
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CesalpiuiTS  (1571)  reraai-ks  that  iuteiTuption  of  the  blood-stream  makes  the  parts  insensible. 
Thomas  AVillis  tlescribed  the  chief  ganglia  (1664).  In  Des  Cartes  there  is  the  hrst  indication  of 
reflex  movements  ;  Stephen  Hales  and  Robert  Whytt  showed  that  the  spinal  cord  was 
necessary  for  such  acts.  Prochaska  described  tlie  reflex  channels,  [while  Marshall  Hall 
established  the  doctrine  of  reflex,  or,  as  he  called  them,  "diastaltic"  actions].  Duverney 
(1761)  discovered  the  ciliary  ganglion.  Gall  traced  more  carefully  the  course  of  the  3rd  and 
6th  nerves,  and  also  the  spinal  nerves  into  the  grey  matter.  Hitherto  only  nine  nerves  of 
the  brain  had  been  enumerated  ;  Sommerring  (1791)  separated  the  facial  from  the  auditoiy 
nerve,  Andersch  (1797)  the  9th,  10th,  and  11th  nerves. 


Physiology  of  the  Nerve-Centres. 

358.  GENERAL. — [The  nerve-fibres  and  nerve-cells  constitute  the  elements 
out  of  which  nerve-centres  are  formed,  being  held  together  by  connective-tissue. 
In  the  process  of  evolution,  groups  of  nerve-cells  vnth  connecting  fibres  are  arranged 
to  constitute  nervous  masses,  whereby  there  is  a  corresponding  integration  of 
function.  Thus,  with  structural  integration  there  is  a  functional  integration. 
When  the  structure  suffers  so  also  does  the  function,  and  those  parts  which  are 
most  evolved,  as  well  as  those  actions  which  have  to  be  learned  by  practice,  are  the 
first  to  suffer  during  the  dissolution  of  the  nervous  system.] 

General  Functions. — The  central  organs  of  the  nervous  system  are  in  general 
characterised  by  the  following  properties  : — 

1.  They  contain  nerve-cells,  which  are  either  arranged  in  groups  in  the  interior 
of  the  central  organs  of  the  nervous  system,  or  embedded  in  the  peripheral  branches 
of  the  nerves.  [Nerve-cells  are  centres  of  activity,  originate  impulses  and  conduct 
impulses  as  well,  while  nerve-fibres  are  chiefly  conductors.] 

2.  The  nerve-centres  are  capable  of  discharging  reflexes,  e.g.,  reflex-motor,  reflex- 
secretory,  and  reflex-inhibitory  acts. 

3.  The  centres  may  be  the  seat  of  automatic  excitement,  i.e.,  they  may 
manifest  phenomena,  without  the  application  of  any  apparent  external  stimulus. 
The  energy  so  liberated  may  be  transferred  to  act  upon  other  organs.  This 
automatic  state  of  excitement  or  stimulation  may  be  continuous,  i.e.,  may  be 
continued  without  interruption,  when  it  is  called  tonic  automatic  or  tonus ;  or  it 
may  be  intermittent,  and  occur  with  a  certain  rhythm  {rhythmical  automatic). 

4.  The  central  organs  are  trophic  centres  for  the  nerves  proceeding  from  them  ; 
they  may  also  perform  similar  functions  for  the  tissues  innervated  by  them. 

5.  The  psychical  activities  are  dependent  upon  an  intact  condition  of  the  gangli- 
onic central  organs.    These  various  functions  are  distributed  over  difi'erent  centres. 

[The  term  "  centre  "  is  merely  applied  to  an  aggregation  of  nerve-cells  so  related  to  each 
other  as  to  subserve  a  certain  function,  but,  inasmuch  as  these  cells  are  connected  to  each  other 
and  with  other  cells  in  many  ways,  various  combinations  of  them  may  result ;  again,  we  have 
also  to  take  into  account  the  greater  or  less  resistance  in  some  paths  than  in  others,  so  that 
the  variety  of  combinations  which  these  cells  may  subserve  is  enormous.  These  cells  give  off 
processes  which  branch,  and  anastomose  with  processes  from  other  cells.  Thus,  innumerable 
ways  are  opened  up  to  nervous  impulses  by  these  combinations,  so  that  in  a  certain  way 
we  may  regard  a  cell  as  a  junction  of  these  conducting  fibres,  or  a  "  shunt "  whereby  an  impulse 
may  be  shunted  on  to  one  or  other  branch  in  the  direction  of  least  resistance,  or  in  the  best 
beaten  path  as  it  were,  while  there  may  be  a  "  block  "  in  other  directions.] 

[In  connection  with  the  histology  of  the  central  nervous  system  we  have  to  study:— 
A.  The  nervous  constituents.       B.  Non-nervous  constituents. 

(1)  Nerve-fibres.  (1)  Vessels  (blood  and  lymph). 

(2)  Nerve-cells.  (2)  Epithelium. 

(3)  Sustentacular  tissue, 
(ff)  Connective-tissue. 
{h)  Neuroglia.] 

2  H 


626 


BTUUCTUKE  UF  THE  SPINAL  CORU. 


The  Spinal  Cord.  ' 

359.  STRUCTURE  OF  THE  SPINAL  CORD.— [^riie  key  to  the- study  ol 
the  central  nervous  system  is  to  remember  that  it  begins  as  an  uivolutiou  of  the 
epiblast,  and  is  originally  tubular,  with  a  central  canal,  dilated  in  the  brain-end 
into  ventricles.  In  the  spinal  cord  there  are  three  concentric  'parts  :  first,  the 
columnar  ciliated  epithelium,  outside  this  the  central  grey  tube,  and  covering  in  all, 
the  outer  white  conducting  fibres  (Hill).] 

Structure.— The  spiual  cord  consists  of  white  matter  externally  aud  grey  matter  iuternally. 
[It  is  invested  by  membranes— the  pia  mater,  composed  of  two  layers  aud  cousLsting  of  coii- 
iiective-tissue  with  blood-vesscas,  being  firmly  adherent  io  the  white  matter  and  sending  septa 
into  the  substance  of  the  cord.  Both  layers  dip  into  the  anterior  median  fissure,  and  only  the 
inner  one  into  the  posterior  median  groove.  The  arachnoid  is  a  more  delicate  membrane  aud 
non-vascular,  while  the  dura  mater  is  a  tough  membrane  lining  the  vertebral  canal,  and 
formino-  a  theca  or  protective  coat  for  the  cord  (§  381).]  The  grey  mater  has  tlie  form 
of  two°crescents  )-(  placed  back  to  back  [or  a  capital  H],  in  which  we  can  distmguLsh  an 
anterior  («)  and"  a  posterior  horn  0^),  a  middle  part,  and  a  grey  commissure  connecting  the  two 
crescents.  In  the  centre  of  this  grey  commissure  is  a  canal— central  canal— which  runs  froni 
the  calamus  scriptorius  downwards;  it  is  lined  throughout  by  a  single  layer  of  ^ciliated 
cylindrical  epithelium,  [in  the  fcetus,  the  cilia  not  being  visible  in  the  adult],  and  the  cana 
itself  is  the  representative  of  the  embryonal  "medullary  tube"  (figs.  440,  446).    [The  part  of 


'  Fig.  440. 

Transverse  section  of  the  spinal  cord  ;  in  the  centre  is  the  butterfly  form  of  tj^^ 
surrounded  by  white  matter,    p,  posterior,  and  a,  anterioi%  horns  of  the  giey  matter 
posterior  roots  ;  AR,  anterior  roots  of  a  spinal  nerve  ;  A,  A,  the  white  anterioi  ,  L,  L,  the 
•  lateral ;  P,  P,  the  .posterior  columns. 

the  grey  commissure  in  front  of  this  canal  is  called  the  antcrim-  aud  tli%P^;- V'lfjf ' 
podfrior  grey  commissure.    In  front  of  the  grey  commissure,  and  between  it  and  the  base  ot 
ihe  anterk)r  median  fissure,  are  bundles  of  white  nerve-fjbres  passing  in  a  "^J.^^,^ 
direction  from  the  anterior  column  of  one  side  to  the  grey  ?f       «"tm^^^         °f  t^'- 

ODDOsite  side  (fi".  440).  These  decussating  fibres  constitute  the  white  commissuje.] 
°X  wM?e  matter  surrounds  the  grey,  aSd  is  arranged  in  --ra^^columns  ant^nor^la^^^^ 
and  posterior-by  the  passage  of  the  nerve-roots  to  the  cornua  hgs  440,  446)].  ■A^o"g  J  '> 
.n^Pnm  .nrface  of  the  cord  there  runs  a  well-marked  fissure,  which  dips  into  the  cord  itself, 
bSes  no  reach  the  ^ey  matter,  as  a  mass  of  white  matter-the  white  com^tu:e-mns 
from  one  side  of  the  coi^  to  the  other.  Between  this  fissure,  known  as  the  antenor  medmn 
fissure  and  the  line  of  exit  of  the  anterior  roots  of  the  spinal  nerves,  lies  the  antenor  column 
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(A) ;  the  white  matter  lying  laterally  between  the  origin  of  the  anterior  and  posterior  roots  of  tlic 
spinal  nerves  is  the  lateral  column  (L),  while  the  white  matter  lying  between  the  line  of  origin 
of  the  posterior  roots  and  the  so-called  posterior  median  fissure,  is  the  posterior  column  (P). 
[The  posterior  median  fissure  is  not  a  real  fissure,  but  is  filled  up  with  the  inner  layer  of  the  pia 
mater,  which  dips  downi'rom  the  under  surface  of  this  .membrane  quite  to  tlie  grey  matter  of 
the  posterior  commissure.]  Each  ]iosterior 
column,  in  certain  regions  of  the  cord,,  may 
be  subdivided  into  ah  inner  part  lying  next 
the  fissure,  the  postero-median  or  Golfs 
column,  or  the  inner  root-zone  {Charcot,  fig. 
454,  c) ;  and  an  outer  larger  part  next  the 
posterior  root,  known  as  the  postero-exter- 
nal  or  Burdach's  column,  or  the  outer  root- 
zone  {Charcot)  fig.:  454,  d). 


'.\>n:: 


J  J'ig..  441 


Fig.  442. 


Fig.  441. — Transverse  section  of  the  white  matter  of/th'e- cord,;  x  150.  a,  peripheral  layer. 
Besides  ■  tW'-tra'nSverse  sections  of  the  nerve-fibres;  rlarge  and  fine,  there  are  tliree  branched 
connectiVe-tissue  Coi'puscles  (c).  Fig.  442.— Multipolar  nerve-cells  from  the  grey  matter  of 
the' anterior  horn  of  the  spinal  cord  (ox).  ■  «,  nerve-cell ;  h,  axis-cylinder  ;  c,  grey, matter'; 
d,  white  matter  of  column  ;  c,  e,  branches  of  cells.  - 

The  -wliite  matter  consists  chiefly  of  meduliajied  fibres  without  the  sieath  of  Schwann  and 
Eanvier's  nodes,  but  provided  with  the  neuro-keratin  sheaths  of  Kiihne  and  Ewald  (§  321),  the 
fibres  themselves  being  chiefly  arranged  loiujiludinalhj,  '[The  incisures  of  Schmidt  exist  in  these 
fibres,  and  can  be  demonstrated  by  the  interstitial,  injection  of  osmic-'acid- (Ranvier).]  The 
nerve-fibres  of  the  nerve-roots,  as  well  as  those  that  pass  from  the  gi'ey  matter  into  the  columns, 
have  a  transverse  or  oblique  course.  There  are  also  deciissating  .fibres  in  the  anterior  or  white 
commissure.  [In  a  transverse  section  of  the  white  matter  of  the  spinal  cord,  the  nerve-fibres 
are  of  difi"erent  sizes,  and  appeijr  like  small  circles  with  a  rounded  dot  in  their  centre— the  axis- 
cylinder— the  latter  may  be  stained  with  carmine  or  other  dye  (fig.  441).  They  are  smallest  in 
the  postero-median  or  GoU's  column,  andiargest  in  the  cross(kl  and  direct  pyramidal  tracts, 
which  are  motor.  The  white  substance  of  Schwann,  especially  in  preparations  hardened  in 
salts  of  chromium,  often  presents  the  appeai:apce  of  concentric  lines.-  "Fine-septa  of  connective- 
tissue  carrying  blood-vessels  lie  betiveen  groups  of  theanerve-fibres,  while  here  andlhere  between 
the  nerve-fibres  may  be  seen  branched  neuroglia  corpuscles.    Immediately  underneath  the  pia 

mater  there  is  a   ■_ 

pre tty^  thick  lay- 
er of -  neuroglia, 
which  invests  the 
prolongations  of 
the  pia  into  the 
cord;]  ■ 
.  [Th  e  grey  mat- 
ter difljersr-  in 
shape  in  the  dif- 
ferent regions  of 
the  cord,  and  so 
does  the  grey 
commissure  (fig.'  •'. Yig.  443. 

444).^  The  latter  Diagram  of  the  absolute  and  relative  extent  of  the  gi-ey  matter,  and  of  the 
white  columns  m  successive  sectional  areas  of  the  spinal  cord,  as  well  as  the 
sectional  areas  of  the  several  entering  nerve-roots.    NR,  nerve-roots  ;  AC 
Lt,  PC,  anterior,  lateral,  and  posterior  columns  ;  Gr,  grey  matter. 


—  LC 

r---  PC 
  Gr 


1  V  IT  M  E  I  Y  IV  m  n  I  jn  n  X  avm  Ynyi  y  w  m  n  i  vmyirn  v  jv  jit  n^i^ 
Sacral     Lumbar  Dorsal      ,.  Cervical 


IS  thicker  and 
shorter  in  the 
cervical  than  in 


the    dorsal  re- 
gion while  it  is  very  narrow  in  the  lumbar  region.    The  amount  of  erev  matter  uuder<^oes  a 
great  increase  opposite  the  origins  of  the  large  nerves,  the  increase  beinVLst  miked  opl^^^^^^ 
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ARRANGEMENT  OF  NERVE-CELLS. 


the  cervical  nud  lumbar  eulargenients.  Liulwig  and  Worscliiloif  constructed  a  series  of  curves 
from  measurements  by  Stilling  of  the  sectional  areas  of  tlie  grey  and  wliite  matter  of  the 
cord,  as  well  as  of  the  several  nerve-roots.  These  curves  have  been  arranged  in  the  annexed 
convenient  form  by  Schiil'er  after  Woroschilolf  (lig.  443)]  : — 

[In  the  cervical  region,  the  lateral  white  columns  are  large,  the  anterior  cornu  of  the  grey 
matter  is  wide  and  large,  while  the  posterior  cornu  is  narrow  ;  GoU's  column  is  marked  off  by  a 
depression  and  a  prolongation  of  the  pia  mater  ;  the  cord  itself  is  broadest  from  side  to  side.  In 
the  dorsal  region,  the  grey  matter  is  small  in  animals,  and  both  coi'nua  are  narrow  and  of  nearly 
equal  breadth,  while  the  cord  itself  is  smaller  and  cylindrical.    In  it  the  intermedio-lateral 


nud  posterior  vesicular  groups  of  cells  are  distinct.  They  have  probably  relations  to  viscera. 
The  commissure  lies  well  forward  between  the  crescents.    In  the  lumbar  region,  the  grey 

matter  is  relatively  and  absolutely  gi'eatest,  while  the  white 
lateral  columns  are  small,  the  central  canal  in  the  com- 
missure being  nearly  in  tlie  middle  of  the  cord.  In  the 
conus  medullaris,  the  grey  matter  makes  up  the  great  mass 
of  it,  with  a  few  white  fibres  externally  (fig.  444).] 

The  anterior  cornu  of  the  grey  matter  is  shorter  and 
broader,  and  does  not  reach  so  near  to  the  surface  as  the 
posterior ;  moreover,  each  anterior  nerve-root  arises  from 
it  by  several  bundles— it  contains  several  groups  of  large 
multipolar  ganglionic  cells  (fig.  442) ;  the  posterior  cornu 
is  more  pointed,  longer,  and  narrower,  and  reaches  nearer 
to  the  surface,  the  posterior  root  arising  by  a  single  bundle 
at  the  postero-lateral  fissure  ;  while  the  cornu  itself  contains 
a  few  fusiform  nerve-cells,  and  is  covered  by  the  substantia 
gelatinosa  of  Rolando,  which  is  in  part  an  accumulation  of 


neuroglia. 


[The  substantia  gelatinosa  on  the  posterior  cornu  is 
marked  by  striation  where  the  posterior  root-fibres  traverse 
it.  It  contains  some  connective-tissue  cells  and  some  fusi- 
form nerve-cells,  especially  near  the  margins.  The  substance 
itself  stains  deeply  with  carmine.] 

[The  outer  margin  of  the  grey  matter  near  its  middle  is 
not  so  sharply  defined  from  the  white  matter  as  elsewhere  ; 
and,  in  fact,  a  kind  of  anastomosis  of  the  grey  matter  pro- 
jects into  the  lateral  column,  especially  in  the  cervical 
region,  constituting  the  2»'ocessus  reticularis  (fig.  446).] 

[Arrangement  of  Nerve-Cells. — The  nerve-cells  are  ar- 
ranged in  foiu'  groups,  forming  columns  more  or  less  con- 
tinuous. There  are  those  of  the  anterior  and  posterior 
horns,  those  of  the  lateral  column  (intermedio-lateral),  and 
the  posterior  vesicular  column  of  Clarke.  The  anterior  and 
posterior  groups  exist  as  continuous  columns  along  the  en- 
tire cord.  The  cells  in  the  anterior  cornu  are  subdivided 
into  smaller  groups,  which  vary  in  the  different  regions  of 
^'s-  the  cord.     There  is  an  inner  or  median  group  near  the 

Transverse  sections  of  the  spinal  interior  angle  of  the  cornu.  It  is  the  smallest  group,  and 
cord  in  different  regions.  A,  jg  absent  in  the  lumbar  region.  Near  the  anterior  edge  is 
through  the  middle  of  the  ^j^g  a7iterior  group,  and  in  the  external  part  of  the  cornu  is 
cervical ;  B,  the  dorsal ;  C,  the  ^he  antero-lateral  group.  These  two  groups  are  often 
lumbar  enlargement ;  D,  upper  united,  as  in  the  mid-cervical  region.  There  is  usually  a 
part  of  the  conus  medullaris  ;  E,  ^[^[y^  larce  group — the  external  or  postero-lateral  in  the 
at  the  5th  sacral  vertebra  ;  F,  posterior  outer  angle  of  the  anterior  cornu— the  cells  of  the 
at  coccyx  ;  A,  B,  C,  enlarged  anterior  horn  being  very  large  (67  to  135  m).  while  the  fusi- 
twice  ;  D,  E,  F,  thrice ;  a,  ^^^^  gg^g  of  the  posterior  horn  are  18  /n  in  diameter, 
anterior,  p,  posterior  root.  Those  of  the  lateral  column  are  distinct,  except  in  the  lum- 

bar and  cervical  enlargements,  where  they  blend  with  the  anterior  horn.  The  column  of  Clarke 
(cells  40  to  90  /x)  is  discontinued,  and  is  limited  to  (1)  the  thoracic  region  (2)  cervico-ciauial 
region,  (3)  sacral  region,  being  most  conspicuous  in  (1),  where  it  corresponds  absolute  y  to  the 
outflo^V  of  visceral  nirves  [Gaskell).  In  the  sacral  region  it  corresponds  to  ^^^J ^^^^  f^^}^^^ 
of  Stilling,"  while  in  the  cervical  region  it  begins  in  the  dog  at  the  2nd  cervical  iierve  fo  nung 
the  cervii;i  nucleus,  being  continued  above  into  the  nuclei  ot  the  vagus  and  glosso-phar^^^^^ 
nerves.    The  cells  of  this  column  give  rise  to  small  medullated  nerve-fibres  or  the  leucentenc 

fibres  of  Gaskell.]  ,  .  -4.1,,  „„w;/m.  imms  nf 

The  miUtipolar  ganglion  cells  are  largest,  and  arranged  in  groups  in  t.^^^^^^^'  °'  f  .^^ 
the  crrev  matter  (fi^  446-" motor  ganglionic  cells  ").  They  also  occur  in  the  lateral  piocess 
amUn  th?piSessus  Reticularis.    Itis  to  be  noted  that  the  cells  become  more  branched  as  ^^e 
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jn-oceed  upwards  amongst  the  vertebrata.  These  cells  usually  contaiu  jjigment-granules,  and, 
according  to  Pierret,  theu'  size  has  a  direct  relation  to  the  length  of  the  nerve-fibre  proceeding 
from  them  ;  so  that  they  are  largest  in  the  lumbar  enlargement,  smaller  in  the  cervical  enlarge- 
ment, and  smallest  in  tiie  dorsal  region.  Smaller  spindle-shaped  ("  sensoiy")  cells  occur  in 
much  smaller  numbers  in  the  grey  matter  of  the  posterior  horn.  The  cells  of  Clarke's  column 
(tig.  445)  are  smaller  (30-60  /x),  and  are  usually  arranged  with  their  long  axis  in  the  long  axis  of 
the' cord.  The  processes  are  fewer,  but  one  is  generally  directed  towards  the  head,  and  some 
towards  "the  caudal  end  of  the  body.  They  usually  contain  much  pigment,  which  is  generally 
disposed  towards  the  cerebral  pole  of  the  cell.] 

[In  a  longitudinal  section  of  the  cord  (fig.  447),  these  cells  are  seen  to  be  arranged  in  columns, 
the  large  multipolar  cells  in  the  anterior  horn  (m) ;  in  the  same  section  are  shown,  the  longi- 
tudinaf  direction  of  the  nerve-fibres  in  the  anterior  («)  and  posterior  white  coliunns  (c),  the 
horizontal  direction  of  the  fibres  of  the  anterior  and  posterior  nerve-roots  {b  and /). 

The  grey  matter  contains  an  exceedingly  delicate  fibrous  network  of  the  finest  nerve-fibrils 
(Gerlach),  which  is  produced  by  the  repeated  division  of  the  protoplasmic  processes  of  the 


Fig.  445. 


P.M.F  . 
riff.  446. 


Fig.  445.— Nerve-cell  from  Clarke's  column  (horse).  The  arrow  indicates  the  cerebral  end.  Fig 
446,— Transverse  section  of  the  spinal  cord  (lower  dorsal).  A,  L,  P,  anterior,  lateral  and 
posterior  columns;  A.M.F.,  P.M.F.,  anterior  and  posterior  median  fissures;  a,  b,  c,  cells 
of  the  anterior  horn;  d,  posterior  cornu  and  substantia  gelatinosa;  e,  central  canal;/ 
veins  ;  cj,  anterior  root  bundles ;  h,  posterior  root  bundles  ;  i,  white  commissure  :  ?  sn-ev 
commissure  ;  I,  reticular  formation.  &  j 

multipolar  ganglionic  cells.  Meduliated  nerve-fibres  traverse  and  divide  in  the  grey  matter 
and  become  non-medullated;  some  of  them  merely  pass  through  the  grey  matter  of  the  non- 
mediillated  fibres  and  terminate  in  Gerlach's  network.  Fibres  pass  from  the  grey  matter  of  one 
side  to  that  of  the  other  through  the  commissures  in  front  of  and  behind  the  central  canal, 

IBy  means  of  Weigerts  method  of  staining  meduliated  nerve-fibres  (p,  529),  it  has  been 
proved  that  numerous,  fine,  meduliated  nerve-fibres  exist  in  the  grey  substance.] 

Gerlach  s  Theory. -According  to  Gerlach,  the  connection  of  the  fibres  and  cells  is  as  follows  : 
^fh  t^Jnfff   T  root  proceed  directly  to  the  ganglionic  cells  of  the  anterior  horn, 

™  rfi*li«^  N^r^T"'*"*  communications  by  means  of  the  unbranched  axial  cylinder  pro- 
hr/«n\  f'l        ^^^^g'i^y  network  of  protoplasmic  processes,  produced  by  the  i>epeated 

to  broad  fibres.  A  part  of  the  latter  (the 
median  bundle)  passes  through  the  anterior  white  commissure  to  the  other  side,  and  then  ascends 
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in  the  anterior  column  of  the  opposite  side.    Other  fibres  (the  Meral  bundle)  pass  into  the 


Fig.  447.  '     ■  Fig-  ^48. 

Ficr  447  —Longitudinal  section  of  the  human  spinal  cord,    a,  anterior,  c,  posterior,  d,  lateral 
°"  white  columns  ;  h,  anterior,  c,  posterior  nerve-roots  ;  /,  horizontal  (pyi  aniidal)  fibres  passing 
-    to  m,  cells  of  anterior  cornu  ;  n,  oblique  fibres  of  posterior  root.    I"ig.  448.— Multi polar 
-  nerve-cell,  from  the  anterior  horn  of  the  spinal  cord,    z,  axis-cyliuder  process  ;  y,  branclied 
processes.  •  - 

late'ral  column  of  the  same  side,  and  ascend  in  it  as  far  as  the  decussation  of  the  pyramids, 

^3  where  they  cross  m  the  medulla  to  the  other 
■  "  side.  The  fibres  of  the- posterior  root  enter  the 
posterior  horn,  and,  after  dividing,  terminate 
in  the  nervous  protopla'smic  network  of  the 
grey  matter.  By  means  of  this  network  they 
are  connected  indirectly  with  the  ganglionic 
cells  of  the  posterior  horn,  which  are  said  not 
to  have  an  axial  cylinder  process.  The  grey 
network,  which  connects  the  ganglia  of  the 
anterior  and  posterior  horns  with  each  other, 
also  sends  fibres,  which  pass  to  the  other  side 
of  the-cord  in  front  of  and  behind  the  central 
cafiaL  They  then  take  a  backward  course,  to 
ascend  partly  in  the  posterior  horns  and  partly 
in  the  lateral  columns.  ~  ' 

[The  anterior  root  enters  in  several  b]indles 
of  coarse  fibres  which  diverge  before  they  reach 
the  grey  matter.  Most,  or  perhaps  all,  the 
fibres  end  in  the  large  motor  nerve-cells  in  the 
anterior  cornu  or  its  lateral  process  (fig.  449, 
a,  6,  c,  d,  c).  But  the  fibres  diverge  in  all 
directions,  some  of  the  fibres  of  the  bundle 
nearest  the  middle  line  (3)  end  in  the  laterally 
placed  cells  (c)  ;  a.part  (4)  crosses  the  anterior 
commissure  to  end  in  cells  on  the  opposite  side 
{d).  Some  of  them  (6)  run  npwards  to  become 
connected  with  motor  cells  lying  further  up 

the  cord.]  .    ,  ,  ji 

,,^a  [The  posterior  root  enters  as  a  single  bundle, 

■r,„   4/0  composed  of  finer  fibres  with   bundles  of 

«u     •  ■    1  thicker  ones.    The  finest  fibres,  which  are  usu- 

Scheme  of  the  course  of  the  fibres  in  the  spinal  ^^^^^^  laterally  (7),  or  outer  radi- 

The  longitudinal  fibres  arc  indicated  by  ^^^^^  ^^^^.^g^  p^„.^.g  j^to  the  longitudinal  fibres, 

Is  are  black.       ^^^^^  ^j^^^  ^^.^  ^^^^  jj^^oss  in  a  transverse  sec- 
tion, but  they  again  take  a  horizontal  course  and  enter  the  substantia  gelatinosa.   The  remainder 


cord, 
small  circles 
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of  tlie  fibres  split  into  an  outer  and  inner  part.  Tlic  lateral  smaller  part  or  central  fibres  (8  to 
10)  iwsses  into  the  substantia  gelatinosa,  whore  it  divides  into  several  strands,  some  of  which 
pass  into  the  central  part  of  the  grey  matter  (10),  while  others  (8)  pass  upwards  and  downwards  in 
a  lonfitudinal  direction.  Some  of  the  fibres  (9)  perhaps  end  in  the  nerve-cells  (/)  in  the  posterior 
corniL  The  median,  inner  or  internal  radicular  fascicnluB  (11  to  14),  sweeps  through  the 
postero-external  column,  and,  after  running  a  longitudinal  course  in  the  white  matter,  enters  the 
"rev  substance  of  the  posterior  cornu.  Some  fibres  (11)  pass  to  the  .small  fusiform  cells  (gr) ; 
and  others  (13)  jiass  to  be  connected  with  the  cells  of  Clarke's  column  (h),  when  it  is  present. 
From  the  cells  of  Clarke's  column,  fibres  seem  to  pass  to  the  direct  cerebellar  tract  (20).  Some 
of  the  fibres  (12)  pass  into  the  posterior  grey  commissure,  to  reach  the  opposite  side.  This  so 
far  only  accounts  for  a  part  of  the  fibres.  Some  of  them  (8  to  10)  are  concerned  in  the  formation 
of  the  fine  nerve-plexus  in  the  grey  matter,  whereby,  perhaps,  they  become  connected  with  the 
cells  in  the  anterior  cornu.  It  is  asserted  that  some  of  the  fibres  (14)  ultimately  pass  into 
GoU's  column.  Many  of  the  fibres  in  the  posterior  root  have  been  proved  to  be  directly  con- 
nected with  nerve-cells,  e.g.,  in  Petromyzon  by  Freund,  and  in  the  Proteus  by  Klaussner,  so 
that  it  is  very  doubtful  if,  in  the  higher  animals,  the  fibres  of  the  posterior  root  are  directly 
connected  with  the  plexus  of  grey  fibres  as  suggested  by  Gerlach  (p.  629).] 

Neirroglia. — The  connective-tissue  of  the  spinal  cord  arises  in  part  from  the  pia  mater  and 
passes  into  the  white  matter,  carrying  with  it  blood-vessels,  and  forming  septa,  which  separate 
the  nerve-fibres  into  bundles.  ['The  connective-tissue  of  the  central  nervous  system  is  so  far 
peculiar,  that  the  intercellular  substance  is  reduced  to  a  minimum.  It  consists  of  a  reticulated 
connective-tissue  composed  of  fine  fibres,  which  form  a  network.    Fig.  450  shows  one  of  the 

cells, 
lated. 

small,  granular,  nucle- 
ated body,  with  numer- 
ous excessively  fine, 
slightly  branched,  stiff 
processes.  The  pro- 
cesses form  a  sustenta- 


glia-cells,"  iso- 
It  consists  of  a 


Fig.  450.  Fig.  451. 

Fig.  450. — Isolated  connective-tissue  corpuscle  or  "glia-cell"  from  the  human  spinal  cord; 
x800.  Fig.  451. — Longitudinal  section  of  the  spinal  cord,  a,  white,  b,  grey  matter;  c, 
crystals  of  mercuric  chloride.    Prepared  by  Golgi's  mercuric  chloride  method  ;  x  80. 

cular  tissue  for  the  nerve-fibres  and  blood-vessels.  The  arrangement  and  distribution  of  these 
cells  is  best  seen  in  sections  of  a  cord  hardened  by  Golgi's  method  in  corrosive  sublimate  solution 
(fig.  451).  In  some  situations,  e.g.,  the  white  matter  of  the  cerebrum  and  cerebellum,  the  cells 
are  smaller  and  more  angular,  and  the  processes  are  often  connected  with  the  outer  coat  of  the 
blood-vessels.  On  the  whole,  the  connective-tissue  is  much  finer  in  the  brain  than  in  the 
cord.  The  central  canal  is  surrounded  with  a  denser  layer  of  this  tissue,  known  as  the 
"central  ependyma,"  which  stains  deeply  with  carmine,  and  is  very  like  the  substantia 
gelatinosa  m  its  structure  (p.  628).  We  must  distinguish  from  this  form  of  connective-tissue 
that  special  form  in  the  grey  matter  to  which  Virohow  gave  the  name  of  neuroglia.  It  is 
specially  adapted  to  fill  up  the  spaces  left  by  the  other  elements,  and  without  interfering  with 
the  exchange  of  fluids  serves  to  hold  the  elements  together.  It  is  an  excessively  finely  granular 
ground-substance  in  the  gi-ey  matter.  It  is  also  an  intercellular  substance,  but 'in  the  adult  the 
cells  to  which  it  ovves  its  origin  are  no  longer  to  be  found.  It  is  doubtful,  from  its  chemical 
nature,  if  it  is  really  to  be  reckoned  along  with  the  connective-tissues.  It  seems  to  be  rather  a 
tissue  ma  genens,  belonging  to  the  nervous  system,  and  it  is  present  in  very  small  amount  ] 
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Tlie  nciuroglia  is  also  abundant  on  the  sides  and  apex  of  thu  posterior  horns,  where  it  is  called 
thi^  gelatinous  Biibetance  of  Bolaudo. 

[Blood-Vessels. — The  spinal  cord  is  partly  supplied  with  blood  by  arteries  from 
the  vertebrals,  and  partly  by  branches  of  the  intercostal,  lumbar,  and  sacral 
arteries,  which  reach  it  through  the  intervertebral  foramina,  and  pass  to  the  cord 
along  the  anterior  and  posterior  roots.] 

[Blood- Vessels. —The  anterior  median  (or  anterior  spinal)  (fig.  452)  artery  gives  off 
branches,  which  dip  into  the  fissure  of  the  same  name,  pass  to  its  base,  and,  after  perforating 
tlie  anterior  commissure,  divide  into  two  branches,  one  for  each  mass  of  grey  matter,  and  each 
branch  in  turn  splits  into  throe,  wliich  supply  part  of  tlie  anterior,  median,  and  posterior  grey 
matter.  The  arteries  lying  in  the  sulci  are  called  arterise  sulci  (s)  by  Adamkiewicz.  In  the 
grey  matter,  there  is  usually  a  special  branch  to  Clarke's  column  {cl).    The  vaBO-coronary  arteries 

include  all  those  arterial  branches  which  proceed 
from  the  periphery  into  the  white  matter;  the 
finer  branches  pass  only  into  the  white  matter, 
but  the  larger  into  the  gi'ey  substance.  The  largest 
branch  is  the  artery  of  the  posterior  fissure  [Fp], 
which  passes  along  the  posterior  septum  and  reaches 
almost  to  the  commissure,  giving  branches  in  its 
course.  There  is  a  large  artery  between  the  column 
of  Goll  and  the  postero-external  column,  viz.,  the 

A.M.r. 
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Fig.  452.  Fig.  453. 

Fig.  452.— Semi-diagrammatic  arrangement  of  the  arteries  in  the  spinal  cord.  Spa,  anterior 
spinal ;  s,  sulcine  artery ;  sc,  sulco-commissural ;  an,  its  anastomosing  branch ;  cl,  to 
Clarke's  column  ;  Fp,  posterior  fissure ;  ra,  rp,  branches  along  anterior  and  posterior  roots ; 
cp,  for  post,  cornu  ;  if,  interfunicular  ;  la,  Im,  Ip,  anterior,  median,  and  posterior  lateral. 
Fig.  453.— Injected  blood-vessels  of  the  spinal  cord. 

interfunicular  artery  (if).  Arteries  enter  along  the  anterior  and  posterior  roots  (ra,  rp).  There 
are  also  a  median  lateral  artery  {Im),  and  an  anterior  and  posterior  lateral  (ip,  la),  which 
enter  the  lateral  column.  The  general  result  is  that  the  grey  matter  is  much  more  vascular 
than  the  white,  as  is  shown  in  fig.  453.  Some  small  vessels  come  from  the  pia  and  send 
branches  to  the  white  matter,  and  unbranched  arteries  to  the  grey  matter,  where  they  forni 
a  capillary  plexus.  The  blood-vessels  are  surrounded  by  perivascular  lymph-spaces  (His).] 
rWith  regard  to  the  blood-vessels  supplying  the  cord  as  a  whole,  Moxon  has  pointed  out  that, 
owin''  to  the  cord  not  being  as  long  as  the  vertebral  canal,  the  lower  nerves  have  to  run  down 
within  the  vertebral  canal,  before  they  emerge  from  the  appropriate  intervertebral  foramina.  As 
re-enforcing  arteries  enter  the  cord  along  the  course  of  these  nerves,  necessarily  the  branches 
enterino-  along  the  course  of  the  lumbar  and  lower  dorsal  nerves  are  long,  and  this,  together  with 
their  small  size,  offers  considerable  resistance  to  the  blood-stream.  Hence,  perhaps  the  reason 
why  the  lower  part  of  the  cord  is  so  apt  to  be  affected  by  various  pathological  conditions.] 

rFunctions  of  the  Spinal  Cord.— (1)  It  is  a  great  conducting  medium,  con- 
ductinc^  impulses  upwards  and  downwards,  and  within  itself  from  side  to  side; 
(2)  the  great  reflex  centre,  or  rather  series  of  so-called  centres;  (3)  impulses 
originate  within  it.] 


flechsig's  systems  of  conducting  fibres. 
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Conducting  Systems.— The  whole  of  the  longitudinal  fibres  of  the  spinal  cord 
may  be  arranged  systematically  in  special  bundles,  according  to  their  function. 

rMethods  —The  course  fof  the  fibres  nud  their  division  into  so-called  systems  has  been 
ascertained 'partly  by  anatomical  and  embryological,  partly  by  physiological  and  patho- 
logical means.  Apart  from  experimental  methods,  such  as  dividing  one  column  ot  the  cord 
and  observiuc  the  results,  we  have  the  following  methods  of  investigation  :— (1)  inrck  louml 
that  injury  or  disease  of  certain  parts  of  the  brain  was  followed  by  a  degeneration  downwards, 
or  secondary  descending  degeneration  of  certain  of  the  nerve-fibres  connected  witli  the  seat 
of  injury,  i.e.,  they  were  separated  from  their  trophic  centres  and  underwent  degeneration. 
(2)  P.  Schieferdecker  found  also,  after  section  of  the  cord,  that  above  and  below  the  level  of  the 
section,  certain  definite  tracts  of  white  matter  underwent  degeneration  [tluis  showing  that 
certain'tracts  had  their  trophic  centre  below  ;  this  constitutes  secondary  ascending  degenera- 
tion]. [(3)  Gudden's  Method. — He  showed,  as  regards  the  brain,  that  excision  of  a  sense- 
ort^an  in  a  young  growing  animal  was  followed  by  ati-ophy  of  the  nerve-fibres  and  some  other 
parts  connected  with  it.  Thus,  the  optic  nerve  and  anterior  corpora  qiiadrigemina  atrophy 
after  excision  of  the  ej'eball  in  young  rabbits.]  (4)  Embryological.— Flechsig  showed  that  the 
fibres  of  the  cord  [and  the  brain  also]  during  development  became  covered  with  myelin  at 
diS'erent  periods,  those  fibres  becoming  medullated  latest  which  had  the  longest  course.  In 
this  way  he  mapped  out  the  following  systems  : — 

Flechsig's  Systems  of  Fibres. — 1.  In  the  anterior  column  lie  (o)  the  uncrossed, 
anterior,  or  direct  pyramidal  tract  [also  called  the  Column  of  Tiirck] ;  and  ex- 
ternal to  it  is  (6)  the  anterior  ground  bundle, 

or  antei'ior  radicular  zone  (fig.  454).     [The  a,,  6 

direct  pyramidal  tract  varies  in  size,  and  it 
generally  extends  downwards  in  the  cord  to 
about  the  middle  of  the  dorsal  region,  dimin- 
ishing steadily  in  its  course ;  so  that  it  would 
seem  that  this  tract  contains  chiefly  fibres  for 
the  arm.  We  do  not  know,  exactly,  how  these 
fibres  end,  whether  they  cross  to  the  opposite 
side,  or  remain  on  the  same  side,  but  most  prob- 
ably most  of  them  pass  through  the  anterior 
commissure  to  the  grey  matter  of  the  opposite 
side.] 

2.  In  the  posterior  column  he  distinguishes 
(c)  GoU's  column,  or  the  postero-median  (pos- 

tero-internal)  column  :  and  (d)  the  funiculus  Scheme  of  the  conducting  paths  in  the 
cuneatus,  Burdack's  column,  or  the  jyosterior    iPi°^\  3rd  dorsal  — 

radicular  zone,  or  the  2^ostero-externcd  column. 

3.  In  the  lateral  column  are  (e)  the  antero- 
lateral tract  and  (/)  the  lateral  mized 
paths,  or  latercd  limiting  tract,  (g)  the  lateral 
or  crossed  pyramidal  tract,  and  (h)  the  direct 
cerebellar  tract. 

[All  the  impulses  from  the  central  convolutions  or  motor  areas  of  the  cerebrum,  by 
means  of  which  voluntary  movements  are  executed,  are  conducted  by  the  pyramidal 
tracts  a  and  g.  (§  365).  The  fibres  in  these  tracts  descend  from  the  central  con- 
volutions, i.e.,  the  motor  areas  pass  through  the  white  matter  of  the  cerebrum,  con- 
verging like  the  rays  of  a  fan  to  the  internal  capsule,  where  they  lie  in  the  knee 
and  anterior  two-thirds  of  its  posterior  segment  (the  filares  for  the  face  at  the  knee, 
and  behind  this  in  order  those  for  the  arm  and  leg),  they  then  enter  the  middle-third 
of  the  crusta  (fig.  502,  Py),  pass  through  the  pons  into  the  anterior  pyramids  of  the 
medulla  oblongata,  where  the  great  mass  crosses  over  to  the  lateral  column  of  the 
opposite  side  of  the  cord  (crossed  pyramidal  tract),  a  small  part  descending  in  the 
cord  on  the  same  side  as  the  antero-median  tract  (direct  pyramidal  tract,  o).  The 
crossed  pyramidal  tract  lies  external  to  the  posterior  half  of  the  grey  matter  in  the 
lateral  column  (fig.  454,  g),  and  it  extends  throughout  the  length  of  the  cord.  In 


nerve. 

The  black  part  is  the  grey  matter,  v, 
anterior,  hiv,  posterior,  root ;  a, 
direct,  andgf,  crossed,  pyramidal  tracts; 
h,  anterior  column  ground  bundle  ;  c, 
GoU's  column  ;  d,  postero-external 
column  ;  e  and  /,  mixed  lateral  paths  ; 
li,  direct  cerebellar  tracts. 
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tlie  greater  part  of  its  course,  it  is  separated  from  the  surface  by  the  direct  cerebellar 
tract,  but  where  the  latter  lies  further  forward,  as  at  the  third  cervical  segment  and 
lower  dorsal  region,  its  posterior  surface  reaches  the  surface,  while  from  the  last  dorsal 
segment,  throughout  the  lumbar  region,  it  comes  (juite  to  the  surface,  as  the  direct 
cerebellar  tract  ceases  at  the  first  lumbar  vertebra.  The  pyramidal  tract  diminishes 
from  above  downwards,  and  its  fibres  pass  into  the  grey  matter  of  the  anterior 
cornu,  and  in  all  probability  they  subdivide  to  form  fine  fibrils,  which  become  con- 
nected with  the  dense  plexus  of  fine  fibrils  produced  by  the  subdivision  of  the 
processes  of  the  multipolar  nerve-cells.  From  each  multipolar  nerve-cell,  a  nerve- 
fibre  proceeds  and  passes  into  the  anterior  root.  The  direct  cerebellar  tract  (h) 
begins  about  the  first  lumbar  nerve,  and  increases  somewhat  in  thickness  from 
below  upwards,  but  most  of  its  fibres  enter  it  at  the  first  lumbar  and  lowest  dorsal 
nerves.  It  forms  a  thin  layer  on  the  surface  of  the  cord.  Its  fibres  very  probably 
arise  in  the  cells  of  Clarke's  column.  As  Clarke's  column  is  connected  svith  some 
of  the  fibres  of  the  posterior  root  (for  the  trunk  of  the  body),  it  follows  that  this  tract 
connects  certain  parts  of  the  posterior  roots  with  the  cerebellum.  The  fibres  pass 
up  through  the  cord  and  restiform  body  to  the  cerebellum.  When  it  is  divided,  it 
degenerates  upwards,  so  that  it  conducts  impulses  in  a  centripetal  direction.]  The 
anterior  (e)  and  lateral  paths  (/)  and  the  anterior  ground  bundle  (6)  represent  the 
channels  which  connect  the  grey  matter  of  the  spinal  cord  and  that  of  the  medulla 
oblongata ;  they  represent  the  channels  for  reflex  effects,  and  they  also  contain 
those  fibres  which  are  the  direct  continuation  of  the  anterior  spinal  nerve-roots, 
which  enter  the  cord  at  different  levels  and  penetrate  into  the  grey  matter.  In  e 
and  /  there  are  some  sensory  paths.  Lastly,  c  unites  the  posterior  roots  with  the 
grey  nuclei  of  the  funiculi  graciles  of  the  medulla  oblongata ;  d  connects  some  of 
the  posterior  nerve-roots  through  the  restiform  body  with  the  vermiform  process  of 
the  cerebellum  (Flechsig).  The  direction  of  conduction  in  the  posterior  columns, 
which  are  continuations  of  some  of  the  fibres  of  the  posterior  roots,  is  upwards,  as 
part  of  them  degenerates  upwards  after  section  of  the  posterior  root.  Of  the  fibres 
of  each  posterior  root,  some  pass  directly  into  the  posterior  horn,  another  part 
ascends  in  the  posterior  column  of  the  same  side,  and  gradually  as  it  ascends,  it 
comes  nearer  the  posterior  median  fissure.  Some  of  these  fibres  enter  the  grey 
matter  of  the  posterior  horn  at  a  higher  level.  The  fibres  of  the  posterior  columns 
run  upwards  as  far  as  the  interolivary  layer  and  the  decussation  of  the  pyramids, 
where  they  seem  to  end,  or  at  least  form  connections  with  the  nerve-cells  of  the 
funiculi  graciles  [clava]  and  cuneati  [triangular  nucleus].  A  small  part  as  arcuate 
fibres  join  the  restiform  body,  and  thus  the  cerebellum  is  connected  with,  the 
posterior  columns. 

Further,  the  transverse  sectional  area  of  the  direct  and  crossed  pyramidal  tracts  (a  and  g), 
the  lateral  cerebellar  tract  (A),  and  GoU's  column  (c)  gradually  diminish  from  above  downwards; 
they  serve  to  conuect  intracranial  central  parts  with  the  ganglionic  centres  distributed  along 
the  spinal  cord.  The  anterior  root  bundle  (6),  the  funiculus  cuneatus  (f?),  and  the  anterior 
mixed  lateral  tracts  (e)  vary  in  diameter  at  different  parts  of  the  cord,  corresponding  to  the 
number  of  nerve-roots.  It  has  been  concluded  from  this  that  these  tracts  serve  to  connect  the 
■grey  matter  at  ditfereiit  levels  in  the  cord  with  each  other,  and  ultimately  with  the  medulla 
■oblongata,  so  that  they  do  not  pass  directly  to  the  higher  parts  of  the  brain  (fig.  443). 

Nutritive  Centres  of  the  Conducting  Paths. — Tiirck  observed  that  the 
destruction  of  certain  parts  of  the  brain  caused  a  secondary  degeneration  of  certain 
parts  of  the  cord,  corresponding  to  the  parts  called  pyramidal  tracts  by  Fleschig 
(fig.  455).  P.  Schieferclecker  found  the  same  effects  ieZoio  where  he  divided  the 
spinal  cord  in  a  dog.  Hence,  it  is  concluded  that  the  niitntive  or  trophic  centre  of 
the  pyramidal  tracts  lies  in  the  cerebrum.  [Section  of  the  cord,  or  an  injury  com- 
pressing the  cord,  besides  giving  rise  to  loss  of  certain  functions  (p.  648),  results 
in  structural  changes  in  certain  limited  areas  of  the  cord  itself.    Below  the  section 
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ff  .  o  f,-n.P  thP  direct  and  crossed  pyramidal  tracts  (fig.  455,  1,  1.',  2,  2')  degenerate 

---^-y  degeneraUon,  becanse  they 

are  cut  ofi  from  their  nutritive 
or  trophic  centres,  which  are 
situated  above  in  the  pyramidal 
cells  of  the  motor  areas  of  the 
brain  (§  378).  The  trophic 
centre  for  the  fibres  of  the 
anterior  root  lies  in  the  multi- 
polar  nerve-cells  of  the  anterior  / 
cornu  of  the  grey  matter  of  the  \ 
cord.  After  section  of  the  \ 
spinal  cord,  GoU's  column  and 
the  direct  cerebellar  tracts  de- 
generate upivards,  i.e.,  they 
undergo  ascending  secondary 
degeneration.  If  the  posterior 
columns  even  be  divided,  GoU's 
column   degenerates  upwards 

towards  the  medulla  oblongata,  Fig.  455. 

and  the  degeneration  ends  in  Transverse  section  of  the  spinal  cord,  showing  the  secondary 
the  posterior  pyramidal  nucleus     degeneration  tracts.    AR.  anterior,  TR,  posterior  root ; 
or    clava.      The   same   result     1,  1'  (CPT),  region  of  the  crossed  pyramidal  tract ;  2,  2 
•7  .V  „or^p      (DPT),  direct  pyramidal  tract;  PEC,  postero-external 

occurs  if  the  posterior  nerve.   .  ^^j^JA  ;  lA  lateral  column.  •  " 

roots  of  the  cauda  equina  be 

injured.  Hence,  fibres  seem  to  pass  from  the  posterior  root  into  these  columns,  and 
the  nerve-cells  in  the  clava  must  also  have  an  important  relation  to  these  nerve-fibres 
and  the  parts  whence  they  are  derived..  The  postero-external  column  remains  un- 
degenerated,  so  that  there  is  a  very  sharp  distinction  between  the  two  parts  of  the 
posterior  column.  As  GoU's  column  degenerates  upwards,  it  jDoints  to  its  fibres 
conducting  impulses  in  a  centripetal  direction,  and  to  the  nutritive  centre  for  its 
nerve-fibres  being  below.  The  trophic  centre  is  probably  in  the  spinal  ganglion  of 
the  posterior  root.]-  - 

[If  the  cord  be  divided  above  the  junction  of  the  dorsal  and  lumbar  regions,  the 
direct  cerebellar  tract  undergoes  ascending  degeneration,  which  extends  through 
the  restiform  body  to  the  cerebellum.  Its  trophic  centre  is  probably  in  the  cells  of 
Clarke's  column:]"  Those  fibres  of  the  spinal  cord  which  do  not  degenerate  after 
section  of  the  cord,  '  especially  numerous  in  the  "lateral  and  anterior  columns 
[anterior  ground  bundle,  the  anterior  and  lateral  mixed  zones  of  the  lateral  coiuinn, 
and  the  postero-external  part  of  the  posterior  column],  are  commissural  in  function, 
connecting  ganglionic  cells  with  each  other,  and  are,  therefore,  provided  with  a 
tropTiic  centre  at  both  ends.  - 

Time  of  Development. — "With  regard  to  the  time  of  development  of  the  individual  systerns, 
Flechsig  finds  that  the  first  formed  paths  are  those  between  the  periphery  and  the  central  grey 
matter,  especially  the.  nerve-roots,  i.e.,  they  are  the  first  to  be  covered  with  the  myelin.  Then 
fibres  which  connect  the  grey  matter  at  different  levels  are  formed — the  fibres  which  connect 
the  grey  matter  of  the  cord  with  the  cerebellum,  and  also  the  former  with  the  tegmentum  of  the 
cerebral  peduncle.  At  last  the  fibres  which  connect  the  ganglia  of  the  pedunculus  cerebri,  and 
perhaps  also  the  grey  matter  of  the  cortex  cerebri  with  the  grey  matter  of  the  cord  are  formed. 
In  cases  of  anencephalous  foetuses,  i.e., Where  the  cerebrum  is  absent,  neither  the  pyramidal 
tracts  nor  the  pyramids  are  developed.  In  the  brain  before  birth,  meduUated  nerve-fibres  are 
formed  in  the  paracentral,  central,  and  occipital  convolutions,  and  in  the  island  of  Reil,  and 
last  of  all  in  the  frontal  convolutions  (Tuczek). 

360.  SPINAL  REFLEXES.— By  the  term  reflex  movement  is  meant  a 
movement  caused  by  the  stimulation  of  an  of  event  (sensory)  nerve.    The  stimulus, 
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on  being  applied  to  an  afferent  nerve,  sets  up  a  state  of  excitement  (nervous 
impulse)  in  that  nerve,  which  state  of  excitement  is  transmitted  or  conducted  in  a 
centripetal  direction  along  the  nerve  to  the  centre  (spinal  cord  in  this  case) ;  where 
the  nerve-cells  represent  the  nerve-centre  in  the  cord,  the  impulse  is  transferred 
to  the  motor,  efferent  or  centrifugal  channel.  Three  factors,  therefore,  are  essential 
for  a  reflex  motor  act — a  centripetal  or  afferent  fibre,  a  transferring  centre,  a  centri- 
fugal or  efferent  fibre ;  these  together  constitute  a  reflex  arc  (fig.  456).  In  a  purely 
reflex  act,  all  voluntary  activity  is  excluded. 

Reflex  movements  may  be  divided  into  the  three  following  groups : — 
I,  The  simple  or  partial  reflexes,  which  are  characterised  by  the  fact  th£lt 
stimulation  of  a  sensory  area  discharges  movement  in  one  muscle  only,  or  at  least 
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Fig.  456.  Fig.  457. 

Fig.  456.— Scheme  of  a  reflex  arc.  S,  skin  ;  M,  muscle;  N,  nerve-cell,  with  af  afferent,  and 
ef,  efferent  fibres.  Fig.  457.— Section  of  a  spinal  segment,  showing  a  unilateral  and  crossed 
reflex  act.    A,  anterior,  and  P,  posterior  surface ;  M,  muscle  ;  S,  skin  ;  G,  ganglion. 

in  one  limited  group  of  muscles.  Examples  : — A  blow  upon  the  knee  causes  a 
contraction  in  the  quadriceps  extensor  cruris ;  contact  with  the  conjunctiva  causes 
closure  of  the  eyelids.  In  the  former  case,  the  afferent  channels  arise  in  the  tendon 
of  the  quadriceps,  and  the  efferent  channels  lie  in  the  nerve  which  supplies  the 
quadriceps ;  in  the  latter  case,  the  afferent  nerve  is  the  5th  and  the  efferent  the  7th 
cranial  nerve.  In  the  former  case  the  centre  is  in  the  lumbar  region  of  the  cord ; 
in  the  latter,  in  the  grey  matter  of  the  medulla  oblongata. 

II.  The  extensive  inco-ordinate  reflexes,  or  reflex  spasms. — These  movements 
occur  in  the  form  of  clonic  or  tetanic  contractions ;  individual  groups  of  muscles, 
or  all  the  muscles  of  the  body  may  be  implicated.  Causes : — A  reflex  spasm 
depends  upon  a  double  cause — (a)  Either  the  grey  matter  or  the  spinal  cord  is  in  a 
condition  of  exalted  excitability,  so  that  the  nervous  impulse,  after  having  reached 
the  centre,  is  easily  transferred  to  the  neighbouring  centres.  This  excessive 
excitability  is  produced  by  certain  poisons,  more  especially  by  strychnin,  brucia, 
caffein,  atropin,  nicotin,  carbolic  acid,  &c.  The  slightest  touch  applied  to  an 
animal  poisoned  with  strychnin  is  sufficient  to  throw  the  animal  at  once  into  spasms. 
Pathological  conditions  may  cause  a  similar  result ;  thus,  there  is  excessive 
excitability  in  hydrophobia  and  tetanus.  On  the  other  hand,  the  central  organ 
may  be  in  such  a  condition  that  extensive  reflexes  cannot  take  place ;  thus,  in  the 
condition  of  apncea,  the  spasms  that  occur  in  poisoning  with  strychnin  do  not  take 
place  (J.  Rosenthal  and  Leube),  and  the  same  result  is  brought  about  by  passive 
artificial  respiratory  movements  (§  361,  3).  The  performance  of  other  passive 
periodic  movements  in  various  parts  of  the  body  also  produces  a  similar  condition 
{Buchheim).  If  the  spinal  cord  be  cooled  very  considerably,  reflex  spasms  may  not 
occur  {Kunde).  (b)  Extensive  reflex  movements  may  also  take  place  when  the 
discharging  stimulus  is  very  strong.  Examples  of  this  condition  occur  in  man, 
thus — intense  neuralgia  may  be  accompanied  by  extensive  spasmodic  movements. 
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TFi"'  458  shows  the  mechanism  of  simple  and  complex  reflex  movements.  Suppose  the  skin 
to  be  "stimulated  at  P  an  impulse  is  sent  to  A  and  from  it  to  a  muscle  1  on  the  same  side,  result- 
inc  in  a  unilateral  simple  reflex  movement— the  resistance  being  less  in  this  direction  than  in 
the  other  channels  If  the  impulse  be  stronger,  or  the  transverse  resistance  in  the  cord  dimin- 
ished, the  impulse  may  pass  to  B,  thence  to  2,  resulting  in  a  symmetrical  reflex  movement  on 
both  sides  But  if  a  very  strong  impulse  reach  the  cord,  or  if  the  excitability  ot  the  gi;ey 
matter  be  increased,  e.g.,  by  strychnin,  the  resistance  to  the  diflusion  of  the  impulse  is  dimin- 
ished and  it  passes  upward  to  C  and  D,  resulting  in  more  complex  movements— thus  there  is 
irradiation— or  it  may  even  afifect  the  centres  in  the  medulla  oblongata,  E,  giving  rise  to 
general  convulsive  movements.]  ^1.  . 

General  spasms  usually  manifest  themselves  as  "extensor  tetanus,"  because  the  extensors 
overcome  the  flexor  muscles.  Nerves  which  arise  from  the  medulla  oblongata  may  be  excited 
through  the  stimulation  of  distant  aff"erent  nerves,  without  general  spasms  being  produced, 

Strychnin  is  the  most  powerful  reflex-producing  poison  we  possess,  and  it  acts  upon  the  grey 
matter  of  the  spinal  cord.  [An  animal  poisoned 
with  strychnin  exhibits  tetanic  spasms  on  the 
application  of  the  slightest  stimulus.  All  the 
muscles  become  rigid,  but  the  extensors  overcome 
the  flexors.]  If  the  heart  of  a  frog  be  ligatured, 
and  the  poison  afterwards  applied  directly  to  the 
spinal  cord,  reflex  spasms  are  produced,  proving 
that  strychnin  acts  upon  the  spinal  cord.  During 
the  spasm  the  heart  is  arrested  in  diastole,  owing 
to  the  stimulation  of  the  vagus,  while  the  arterial 
blood-pressure  is  greatly  increased,  owing  to  stimu- 
lation of  the  central  vaso-motor  centres  of  the  me- 
dulla oblongata  and  spinal  cord.  Mammals  may 
die  from  asphyxia  during  the  attack  ;  and,  after 
large  doses,  death  may  occur,  owing  to  paralysis 
of  the  spinal  cord,  due  to  the  frequently  recurring 
spasms.  Fowls  are  unafi'ected  by  comparatively 
large  doses,  [We  can  prove  that  strychnin  does 
not  produce  spasms  by  acting  on  the  brain, 
muscle,  or  nerve.  Destroy  the  brain  of  a  frog, 
divide  one  sciatic  nerve  high  up,  and  inject  a  small 
dose  of  strychnin  into  the  dorsal  lymph-sac  ;  in 
a  few  minutes  all  the  muscles  of  the  body,  except 
those  supplied  by  the  divided  nerve,  will  be  in 
spasms,  showing  that,  although  the  poisoned  blood 
has  circulated  in  the  nerves  and  muscles  of  the 
leg,  it  does  not  act  on  them.  Destroy  the  spinal 
cord,  and  the  spasms  cease  at  once.] 

Summation  of  Stimuli. — By  this  term 
is  meant,  ttiat  a  single  weak  stimulus, 
which  in  itself  is  incapable  of  discharging 
a  reflex  act,  may,  if  repeated  sufficiently 
often,  produce  this  act.  The  single  im- 
pulses are  conducted  to  the  spinal  cord,  in  which  the  process  of  "  summation " 
takes  place.  According  to  J,  Rosenthal,  3  feeble  stimuli  per  second  are  capable 
of  producing  this  effect,  although  16  stimuli  per  second  are  most  effective.  On 
increasing  the  number  of  stimuli  per  second,  no  further  increase  of  the  reflex  act  is 
possible.  Other  observers  (Stirling,  Ward)  have  found  that  stimuli,  such  as  in- 
duction shocks,  are  active  within  much  wider  limits,  e.g.,  from  0-05  to  0-4  second 
interval.  W.  Stirling  has  shown  it  to  be  extremely  probable  that  all  reflex  acts 
are  due  to  the  repetition  of  impulses  in  the  nerve-centres. 

[Strychnin  interferes  with  the  summation  of  stimuli,  but  the  reflex  excitability  is  so  greatly 
exalted  that  a  minimal  stimulus  is  at  the  same  time  a  maximal  one.  ] 

Pfluger's  Law  of  Eeflex  Actions.— (1)  The  reflex  movement  occurs  on  the  savic  side  on  which 
the  sensory  nei-ve  is  stimulated ;  while  only  those  muscles  contract  whose  nei-ves  arise  from  the 
same  segment  of  the  spinal  cord.  (2)  If  the  reflex  occur  on  the  other  side,  only  the  corre- 
sponding muscles  contract.  (3)  If  the  contractions  be  unequal  upon  the  two  sides,  then  the 
most  vigorous  contractions  always  occur  on  the  side  which  is  stimulated.  (4)  If  the  reflex 
excitement  extend  to  other  motor  nerves,  those  nerves  are  always  aflected  which  lie  in  the 


Fig.  458. 

Scheme  of  mode  of  propagation  of  refl.ex 
movements.  P,  skin  ;  A,  B,  C,  D,  motor 
cells  in  spinal  cord  ;  1,  2,  3,  4,  5,  muscles. 
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direction  of  the  medulla  oblongata.  Lastly,  all  the  muscles  of  the  body  may  be  thrown  into 
coutraction. 

Crossed  Reflexes.— There  are  exceptions  to  these  rules.  If  the  region  of  the  eye  be  ii-ritated 
in  a  frog  whose  cerebrum  is  removed,  there  is  frequently  a  reflex  coutmction  in  the, hind  limb 
of  the  opposite  side  {Luchsiwjcr,  Langemlvrff).  In  beheaded  tritons  and  tortoises,  and  in  deeply 
narcotised  dogs  and  cats,  tickling  one  fore- limb  is  frequently  followed  by.  a  movement  of  the 
hind  limb  of  the  opposite  side  (Zitf/mVif/sr).  This  plienomenon  is  called  a  "  crossed  reflex  " 
(lig.  457).  If  the  spinal  cord  be  divided  along  the  middle  line  throughout  its  entire  extent, 
then  of  course  the  reflexes  are  conlinod  to  07i8  iiic!o  only  (<S'c7wy).  • 

.  III.  Extensive  co-ordinated  reflexes  are,  due  to  stimulation  of  a  sensory  nerve, 
causing  the  discharge  of  complicated  reflex  movements  in.  whole  groups  of  different 
muscles,- the  movements  ■  being  "  purposive  "  in  character,  i.e.,  as  if  they  were 
intended  for  a  particular  purpose." 

•  Methods. — The  experiments  are  made  upon  colil-Uuodcd  animah  (decapitated  or  pithed  frog.-s, 
tortoises,  or  eels)  or  uiion  mammals.  In  the  latter,  artificial  respiiation  is  kept  up,  and  the 
four  arteries  going  to  the  head  are  ligatured,  in  ordey  to  eliminafe  the  action  of  th.e'brain  OS'm/. 
Mayer,  Luchsinger).  The  reflexes  of  tlie  lower  part  of  the  spinal  cord  may  be  studied  on  animals 
(or  men),  in  cases  where  the  spinal  cord  is  divided  transversely  in  the  upper  dorsal  regioii.  •  In 
such  cases,  some  time  must  elapse  in-  order  that  l^e  primary  effect  of  the  lesion  (the  so-called 
shock),  which  usually  causes  a  diminution  of  the^-gflexes,, may  pass  off.  Very  young  mammals 
exhibit  reflexes  for  a  considerable  time  after  they;  avp  beheaded. ;  ■ 

Examples: — 1.  The  protective  movements  of -pithed  or  decapitated  frogs.  [If 
a  drop  of  a  dilute  acid  be  applied  to  the  skin  of  such  a  frog,  immediately  it  strives 
to  get  rid  of  the  offending  body,  and  it  gengraUy  succeeds  in  doing  so..]  Similarly, 
it  kicks  against  any  fixed  body  pushed  againstiit..  .  These  movements .  are  so 
purposive  in  their  character,  and  the  actions  of  gf-^upa  of  muscles  are  so  adjusted  to 
perform  a  particular  act,  that  Pfiiiger  regarded- them^aB. directed  by,  and  due  to 
"  consciousness  of  the  spinal  cord."  If  a  flame  be  applied  to  the  side  or  part  of  the 
body  of  an  eel,  the  body  is  moved  away  from  the  flame.  Tlie  tail  of  a  decapitated 
triton,  tortoise,  newt,  eel,  or  .=?nake  is  directed  towards  a  gentle  stimulus,,  but  if  a 
violent  stimulus  is  used,  it  is  directed  away  from  it;  {Luchsinga-\ 

2.  Goltz's  Croaking  Experiment— A  pithed  (male)  frog,  i.e.;  one  with  its 
cerebral  lobes  alone  removed  (or  one  with  its  eyes  or  ears  destroyed— Langendo?-/), 
croaks  every  time  the  skin  of  its  back  or  flanks  is  gently  stroked.  [Some  male 
frogs,  when  held  up  by  the  finger  and  thumb  immediately  behind -the  fore  legs, 
croak  every  time  gentle  pressure  is  made  on  their  flank.]  _        -  \ 

3  Goltz's  "Embrace  Experiment."— During- the  breeding  season  m  spring,  the 
part  of  the  body  of  the  male  frog  between  tlie -skull  and  the  fourth  vertebra, 
embraces  every  rigid  object,  which :  is  brought  into  contapt:wi.th,  and -gently 
stimulates,  the  skin  over  the  sternum,    /-.i'.^i..  .  ".-i  .7,';:! 

•  In  the  i7itact  animal,  th^  exciting  stimulus  lies  in  the  degree  of  filling  of^he>ale  seminal  organ 
( Tarchanoff).    The  reflex  ceases  at  once  oi^  gently  stimiifating  the  optic  IqIdbs  {Alhertoni). 

4  In  mammals  (dogs),  the  following  reflex  acts  kre  performed  by  the  posterior 
part  of  the  spinal  cord,  even  after^  it;  is separated  from  the  rest  of  the  cord  :— 
Scratching  with  the  hind  feet  a  part  of  the  skin  which  has  ^been  tickled  (just  as  in 
intact  animals)  ;  the  movements  necessary  for  emptying  the  bladder  and  tor 
defsecation,  as  well  as  those  necessary  for  erection  ;  the.  movements  necessary  tor 
V^vtxxntion' (Goltz,  Freusherg  and  Gergens).  Co-ordinated  movements  do  not,  as  a 
rule  occur  simultaneously  in  portions  of  the  spinal  cord  lying  widely  apart  after 
removal  of  the  medulla  oblongata.  According  to  Ludwig  and  Owsjannikow,  the 
medulla  oblongata  perhaps  contains  a  reflex  organ  of  a  higher  order,  which  forms, 
as  it  were,  a  centre  for  combining,  through  the  medium  of  the  nerve-fibres,  the 
various  reflex  provinces  in  the  spinal  cord. 

5.  Co-ordinated  reflexes  may  occur  in  man  during  sleep,  and  during  pathological 

comatose  conditions.  ,   , .  ,  .  „„ 

Most  of  the  movements  which  we  perform  whUe  we  are  awake,  and  which  we  execute  uncon- 
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sciously  or  even  when  our  psychical  activities  are  concentrated  upon  some  other  object — really 

belouc  to  the  category  of  co-ordinated  reflexes.  Many  complicated  motor  acts  must  first  be 
learned— (,'.(/. ,  danefug,  skating,  riding,  walking — before  unconscious  harmonious  co-ordinated 
reflexes  can  again  be°discharged.  The  co-ordinated  reflex  movements  of  coughing,  sneezing, 
and  vomitiug"depend  upon  the  spinal  cord,  together  with  the  medulla  oblongata. 

The  following  facts  are  also  important  :— 

1.  Eeflexes  are  more  easily  and  more  completely  discharged,  when  the  specific 
end-organ  of  the  afferent  nerve  is  stimulated,  than  when  the  trunk  of  the  nerve  is 
stimulated  in  its  course  {Marshall  Ball,  ' 1837).  [Thus,  by  gently  _  tickling  the 
skin,  it  is  easy  to  discharge  a  reflex  act,  while  it  requires  a  strong  stimulus  to  be 
applied  to  an  exposed  sensory  nerve  in  order  to  do  so.] 

2.  A  stronger  stimulus  is  requited  to  discharge  a  reflex  movement  than  for  the 
direct  stimulation  of  motor  nerves.         '  ; 

3.  A  movement  produced  reflexly  is  of  'skefUr  duration  than  the  corresponding 
movement  executed  voluntarily.  Further;;  the  occurrence  of  the  movement  after 
the  moment  of  stimulation  is'  distinctly  delayed.  In'  the  frog,  a  period  nearly 
twelve  times  as  long  elapses  before  the  occurrence  of  the  contraction,  than  is 
occupied  iu  the  transmission  ■  of  the  impulse  in  the  sensory  and  motor  nerves 
{Helviholtz,  185 J:);  'Thus,  the  spinal  eord  o^&is:  resistance- to  the' transmission  of 
impulses  through  it.  .        .    .  • 

The  term  "  reflex  time  "  is  applied  to  the'time  necessary  for  transferring  the  impulse  from 
the  afferent  fibre  to  the  nerve-ceils  of  th'e' cord, "and  from  them  to  the  etlerent  fibre.  "In  the 
frog  it  is  equal  to  O'OOS  to  0'015  second.;  The  timej-liQwever,  is. increased  by  almost  one-thii-d, 
if  the  impulse  pass  to  the  other  side  of  the, cord,  or,  if  it  pass  along  the  cord,  e.g'.,  from  the 
sensory  nerves  of  the  anterior  extremity  to  the  motor  roots  of  the  posterior  limb.  Heat. dimi- 
nishes the  reflex  time  and  increases  the  reflex  excitability..  Lowering  the  ternperature  (winter 
frogs),  as  well  as  the  reflex-exciting  poisons  already  mentioned,  lengtliens  the  rejlcx  tivie, ,  whilst 
the  reflex  excitability  is  simultaneously  increased,^  Conversely,  the  reflex  time  dimiiiishes  .as 
the  strength  of  the  stimulus  increases,  and  it  .may  even  become  of  minimal  duration  (J!, 
Boscnthal).  The  reflex  time  is .  determined  by, ascertaining  the  moment  at  which  the  sensory 
nerve  is  stimulated,  and  the  snbsequent  feoat-iiction  occurs.  Deduct  from  this  the  time  of 
latent  stimulation  (§  298,  L),  and  the  time  necessary  for  the .  conduction  of  the  impulse  {§  298) 
in  the  aflerent  and  efferent  nerves  {v.  Hclmholtz,  J.  Rosenthal,  Exner,  Wundt). 

[Influence  of  Poisons. — The  latent  period  and  reflex  time  are  influenced  by  a  large  number 
of  conditions.  In  a  research  as  yef  unpublished,  W.  Stirling  finds  that  the  latent  jDeriod  may 
remain  nearly  constant  in  a  pithed  frog  for  nearly  two  days,  when  tested  by  Tiirck's  method. 
Sodic  chloride  does  not  influence  the  time,,  nor  does.sodic  bromide  or  iodide.  Potassic  chloride, 
however,  lengthens  it  enormously,  or  even  abolishes  reflex  action  after  a  very  short  time,  and 
so  do  potassic  bromide,  ammonium  chloride  and  bromide,  chloral  and  crotou-chloral.  The 
lithia  salts  also  lengthen  the  reflex  time,  or  abolish  the  reflex  act  after  a  time.] 

361.  INHIBITION  OF  THE  REFLEXES.— Within  the  body  there  are 
mechanisms  which  can  suppress  or  inhibit  the  discharge  of  reflexes,  and  they  may 
therefore  be  termed  mechanisms  intihiting  the  reflexes.    These  are  : — 

1.  Voluntary  Inhibition.— Reflexes  may  be  inhibited  voluntarily,  both  in  the 
region  of  the  spinal  cord  and  brain.  Examples  :— Keeping  the  eyelids  open  when 
the  eyeball  is  touched ;  arrest  of  movement  when  the  skin  is  tickled.  We  must 
observe,  however,  that  the  suppression  of  reflexes  is  possible  only  up  to  a  certain 
point.  If  the  stimulus  be  strong,  and  repeated  with  suflScient  frequency,  the  reflex 
impulse  ultimately  overcomes  the  voluntary  effort.  It  is  impossible  to  suppress 
those  reflex  movements  which  cannot  at  any  time  be  performed  voluntarily.  Thus, 
erection,  ejaculation,  parturition,  and  the  movements  of  the  iris,  are  neither  direct 
voluntary  acts,  nor  can  they,  when  they  are  excited  reflexly,  be  suppressed  by  the 
will. 

2.  Setschenow's  inhibitory  centre  is  another  cerebral  apparatus,  which  in  the 
frog  is  placed  in  the  optic  lobes.  If  the  optic  lobes  be  separated  from  the  rest  of 
the  brain  and  spinal  cord,  by  a  section  made  below  it,  the  reflex  excitability  is 
mcreased.    If  the  lower  divided  surface  of  the  optic  lobes  be  stimulated  with  a 
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crystal  of  common  salt  or  blood,  the  reflex  movements  are  suppressed,  The  same 
results  obtain  when  only  one  side  is  operated  on.  Similar  organs  are  supposed  to 
be  present  in  the  corpora  quadrigemina  and  medulla  oblongata  of  the  higher  verte- 
brates. From  1  and  2  we  may  explain  why  reftex  movements  occur  more  regularly 
and  more  readily  after  separation  of  the  brain  from  the  spinal  cord. 

[Quinine  greatly  diminishes  the  reflex  excitability  in  the  frog,  but  if  the  medulla  oblongata 
bo  diviilod,  the  vcllox  excitability  of  the  cord  is  restored.  The  depression  is  ascribed  by  Chaperon 
to  the  action  of  the  quinine  ou  Sotschenow's  centres.] 

3.  Strong  stimulation  of  a  sensory  nerve  inhibits  reflex  movements.  The 
reflex  does  not  take  place  if  an  afferent  nerve  be  stimulated  very  powerfully  {Goltz, 
Lewisson).  Examples  : — Suppressing  a  sneeze  by  friction  of  the  nose,  [compressing 
the  skin  of  the  nose  over  the  exit  of  the  nasal  nerve] ;  suppression  of  the  move- 
ments produced  by  tickling,  by  biting  the  tongue.  Very  violent  stimulation  may 
even  suppress  the  co-ordinated  reflex  movements  usually  controlled  by  voluntary 
impulses.  Violent  pain  of  the  abdominal  organs  (intestine,  uterus,  kidneys,  bladder, 
or  liver)  may  prevent  a  person  from  walking  or  even  from  standing.  To  the  same 
category  belongs  the  fact  that  persons  fall  down  when  internal  organs  richly 
supplied  with  nerves  are  injured,  there  being  neither  injury  of  the  motor  nerves  nor 
loss  of  blood  to  account  for  the  phenomenon.  Excitement  of  the  central  organs 
through  other  centripetal  channels  (nerves  of  special  sense,  and  those  of  the 
generative  organs)  diminishes  the  reflexes  in  other  channels. 

4.  It  is  important  to  note  that  in  the  suppression  of  reflexes,  antagonistic  muBcIes  are  often 
thrown  into  action,  whether  voluntarily  or  by  the  stimulation  of  sensory  nerves,  i.e.,  reflexly. 
In  some  cases,  in  order  to  cause  suppression  of  the  reflex,  it  appears  to  be  sufficient  to  direct  our 
attention  to  the  execution  of  such  a  complicated  reflex  act.  Thus,  some  persons  cannot  sneeze 
when  they  think  intently  upon  this  act  itself  (Darwin).  The  voluntary  impulse  rapidly  reaches 
the  reflex  centre,  and  begins  to  influence  it  so  that  the  normal  course  of  the  reflex  stimulation, 
due  to  an  impulse  from  the  periphery,  is  intei-fered  with  (Schldsser). 

5.  Poisons. — Chloroform  diminishes  the  "reflex  excitability  by  acting  upon  the 
centre,  and  a  similar  effect  is  produced  by  picrotoxin,  morphia,  narcotin,  thebain, 
aconitin,  quinine,  hydrocyanic  acid.  [W.  Stirling  finds  that  chloral,  potassic 
bromide  and  chloride,  ammonium  chloride,  but  not  sodium  chloride,  greatly  diminish 
the  reflex  excitability.    Nicotin  increases  it  in  frogs  (Freusherg).] 

A  constant  current  of  electricity  passed  longitudinally  through  the  cord 
diminishes  the  reflexes  (EanJce),  especially  if  the  direction  of  the  current  is  from 
above  downwards  {Legros  and  Onimus,  Usx^ensky). 

[Some  drugs  aS'ect  the  reflex  excitability  directly  by  acting  on  the  spinal  cord,  e.g., 
methylconine,  but  other  drugs  may  produce  the  same  result  indirectly  by  aflecting  the  heart 
and  the  blood-supply  to  the  cord.  If  the  abdominal  aorta  of  a  rabbit  be  compressed  for  a  few 
minutes  to  cut  otf  the  supply  of  blood  to  the  cord  and  lower  limbs,  temporary  paraplegia  is 

^''jf^fro^Js  be  asphyxiated  in  air  deprived  of  all  its  0,  the  brain  and  spinal  cord  become 
completely  unexcitable,  and  can  no  longer  discharge  reflex  acts.  The  motor  nerves  and  the 
muscles,  however,  sufi'er  very  little,  and  may  retain  their  excitabilitj'  for  many  days  {Aubcrt). 

[Nature  of  Inhibition.— The  foregoing  view  assumes  the  existence  of  mhibitory  centres,  but 
it  is  important  to  point  out  that  it  has  been  attempted  to  explain  this  phenomenon  without 
postulating  the  existence  of  inhibitory  centres.  During  inhibition  the  function  of  an  organ  is 
restrained— during  paralysis  it  is  abolished,  so  that  there  is  a  sharp  distinction  between  the  two 
conditions.  The  analogy  between  inhibitory  phenomena  and  the  eflects  of  interference  of 
waves  of  light  or  sound  has  been  pointed  out  by  Bernard  and  Romanes,  while  Lauder  Eruntou 
has  tried  to  explain  the  question  on  a  physical  basis,  indicating  that  inhibition  is  not  dependent 
on  the  existence  of  special  inhibitory  centres,  but  that  stimulation  and  inhibition  are  different 
phases  of  excitement,  the  two  terms  being  relative  conditions  depending  on  the  length  of  the 
mth  alon"  which  the  impulse  has  to  travel  and  the  rate  of  its  transmission.  Brunton  points 
out  that  the  known  facts  are  more  consistent  with  an  hypothesis  of  the  interference  of  waves, 
one  with  another,  than  with  the  supposition  that  there  are  inhibitory  centres  for  cverj^  so-called 
inhibitory  act  in  the  body.  In  discussing  this  .luestiou  great  regard  must  be  had  to  the  action 
of  the  vagus  on  the  heart  (§  369).] 


tUeck's  method — theoiiy  of  reflex  action. 
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TUrck's  method  of  testing  the  reflex  excitability  of  a  frog  is  the  following  :— A 
iron  is  uithed,  and  after  it  has  recovered  from  the  shock,  its  foot  is  dipped  into 
dibcte  mlphwic  add  [2  per  1000].  The  time  which  elapses  between  the  leg  being 
dipped  in  and  the  moment  it  is  withdrawn  is  noted.  [The  time  may  be  estimated 
by  means  of  a  metronome,  or  the  movements  may  be  inscribed  upon  a  recording 
surface     The  time  which  elapses  is  known  as  the  "  period  of  latent  stimulation.  J 

This  time  is  "reatly  prolonged  after  tlie  optic  lobes  liavo  been  stimulated  with  a  crystal  of 
common  salt  or°blood,  or  after  the  stimulation  of  a  sensory  nerve. 

Setscheuow  distinguished  tactile  reflexes,  which  are  discharged  by  stimulation  ot  the  nerves 
of  touch  •  and  pathic,  which  are  due  to  stimulation  of  sensory  (pain-conducting)  fibres.  He  and 
Paschutin  suppose  that  the  tactile  reflexes  are  suppressed  by  voluntary  impulses,  and  the  pathic 
by  the  centre  in  the  optic  lobes.  „     .       ,         ,      ,  ,  ,  ,  u  r 

Theory  of  Keflex  Movements. — The  following  theory  has  been  propounded  to  account  lortno 
phenomena  already  described  :— It  is  assumed  that  the  afferent  fibre  within  the  grey  matter  of 
the  spinal  cord  joins  one  or  more  nerve-cells,  and  thus  is  jilaced  in  communication  in  all  direc- 
tions with  the  network  of  fibres  in  the  grey  substance.  Any  impulse  reaching  the  grey  matter 
of  the  cord  has  to  overcome  considerable  resistance.  The  least  resistance  lies  in  the  direction 
of  those  efferent  fibres  which  emerge  in  the  same  plane  and  upon  the  same  side  as  the  entering 
fibre.  Tlius,  the  feeblest  stimulus  gives  rise  to  a  sim2}le  reflex,  which  generally  is  merely  a 
simple  protective  movement  for  the  part  of  the  skin  which  is  stimulated.  Still  greater  resist- 
ance is  opposed  in  the  direction  of  other  motor  ganglia.  If  the  reflex  impulse  is  to  pass  to 
these  cranglia,  either  the  discharging  slimulus  must  be  considerably  increased,  or  the  resistance 
within  the  connections  of  the  ganglia  of  the  grey  matter  must  be  diminished.  The  latter 
condition  is  produced  by  the  action  of  the  above-named  poisons,  as  well  as  during  general 
increased  nervous  excitability  (hysteria,  nervousness).  Thus,  extensive  reflex  spasms  may  be 
produced  either  by  increasing  the  stimulus,  or  by  diminishing  the  resistance  to  conduction  in 
the  spinal  cord.  Those  conditions  which  render  the  occurrence  of  reflexes  more  difficult,  or 
abolish  them  altogether,  must  be  regarded  as  increasing  the  resistance  in  the  reflex  arc  in  the 
cord.    The  action  of  the  reflex  inhibitory  mechanism  may  be  viewed  in  a  similar  manner. 

The  fibres  of  the  reflex  arc  must  have  a  connection  with  the  reflex  inhibitory  paths ;  we  must 
assume  that  equally  by  the  reflex  inhibitory  stimulation  resistance  is  introduced  into  the  reflex 
arc.  The  explanation  of  extensive  co-ordinated  movements  is  accompanied  with  difficulties.  _  It 
is  assumed,  that  by  use  and  also  by  heredity,  those  ganglionic  cells  which  are  the  first  to  receive 
the  impulse  are  placed  in  the  path  of  least  resistance  in  connection  with  those  cells  which 
transfer  the  impulse  to  the  groups  of  muscles,  whose  contraction,  resulting  in  a  co-ordinated 
purposive  movement,  prevents  the  body  or  the  limb  from  being  affected  by  any  injurious 
influences. 

Pathological. — Anomalies  of  reflex  activity  afford  an  important  field  to  the  physician  in  the 
investigation  of  nervous  diseases.  Enfeeblement,  or  even  complete  abolition  of  the  reflexes 
may  occur : — (1)  Owing  to  diminished  sensibility  or  complete  insensibility  of  the  afferent  fibres  ; 
(2)  in  analogous  affections  of  the  central  organ;  (3)  or,  lastly,  of  the  efferent  fibres.  Where 
there  is  general  depression  of  the  nervous  activity  (as  after  shocks,  compression  or  inflammation 
of  the  central  nervous  organs ;  in  asphyxia,  in  deep  coma,  and  in  consequence  of  the  action  of 
many  poisons),  the  reflexes  may  be  greatly  diminished  or  even  abolished. 

[Reflexes.— The  physician,  by  studying  the  condition  of  the  reflexes,  can  form  an 
idea  as  to  the  condition  of  practically  every  inch  of  the  spinal  cord.  There  are 
three  groups  of  reflexes,  (a)  the  superficial,  (6)  the  deep  or  tendon,  (c)  the  organic 
reflexes.] 

[The  superficial  or  skin  reflexes  are  excited  by  stimulating  the  skin,  e.g.,  by 
tickling,  pricking,  scratching,  &c.  "We  can  obtain  a  series  of  reflexes  from  below 
as  far  up  as  the  lower  part  of  the  cervical  region.  The  plantar  reflex  is  obtained 
by  tickling  the  soles  of  the  feet,  when  the  leg  on  that  side,  or,  it  may  be,  both  legs 
are  drawn  up.  It  is  always  present  in  health,  and  its  centre  is  in  the  lumbar 
enlargement  of  the  cord.  The  cremasteric  reflex  is  well  marked  in  boys,  and  is 
easily  produced  by  exciting  the  skin  on  the  inner  side  of  the  thigh,  when  the 
testicle  on  that  side  is  retracted.  The  gluteal  reflex  consists  in  a  contraction  of 
the  gluteal  muscles,  when  the  skin  over  the  buttock  is  stimulated.  The  abdominal 
reflex  consists  in  a  similar  contraction  of  the  abdominal  muscles,  when  the  skin 
over  the  abdomen  in  the  mammary  line  is  stimulated.  The  epigastric  reflex  is 
obtained  by  stimulating  the  skin  in  front  between  the  fourth  and  sixth  ribs.  The 
interscapular  reflex  results  in  a  contraction  of  the  muscles  attached  to  the  scapula, 
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when  the  skin  between  the  scapulae  is  stimulated.  Its  centre  corresponds  to  the 
lower  cervical  and  upper  dorsal  region.] 

[The  following  table,  after  Govvcrs,  shows  the  relation  of  each  rellex  to  the  spinal  segment  or 
segments  on  which  it  depends:  — 


Cervical, 


Dorsal, 


Interscapular. 


?1 
?/ 

6-  y  Epigastric. 

7  J 

81 

9| 

10  }- Abdominal. 


11 

12J 

Another  important  diagnostic 


Lumbar, 


Sacral, 


2  I  Cremasteric. 
Knee  liefleu;. 

4  1  1. 
5 
1' 


*  I  Gluteal. 

3  j  "^S  I  Vesical. 

4  I  Rectal. 

5  J  Sexual] 


§  ^  Plantar. 


reflex  is  the  "  a'bdominal  reflex,"  which  consists 


in  this,  that  when  the  skin  of  the  abdomen  is  stroked,  e.g.,  with  the  handle  of  a 
percussion-hammer,  the  abdominal  muscles  contract.  When  this  reflex  is  absent 
on  both  sides  in  a  cerebral  affection,  it  indicates  a  diffuse  disease  of  the  brain  ;  its 
absence  on  one  side  indicates  a  local  affection  of  the  opposite  half  of  the  brain. 
The  cremasteric,  conjunctival,  mammillary,  pupillary,  and  nasal  reflexes  may  also 
be  specially  investigated.  In  hemiplegia  complicated  with  cerebral  lesions,  the 
reflexes  on  the  paralysed  side  are  diminished,  whilst  not  unfrequently  the  patellar 
reflex  may  be  increased.  In  extensive  cerebral  affections  accompanied  by  coma  the 
reflexes  are  absent  on  both  sides,  including  of  course  those  of  the  anus  and  bladder 
(0.  Bosenhach). 

[Horsley  finds  that  in  the  deepest  narcosis  produced  by  nitrous  oxide  gas  the  superficial  reflexes 
{e.g.,  plantar,  conjunctival)  are  abolislied,  while  the  deep  (knee-jerk)  remain.  Anaemia  of  the 
lumbar  enlargement  (compression  of  the  abdominal  aorta)  causes  disappearances  of  both  reflexes 
(Prevost).  Chloroform  and  asphyxia  abolish  the  deep  as  well  as  the  superficial  reflexes.  Horsley 
regards  the  so-called  deep  reflex  or  knee-jerk  not  as  depending  on  a  centre  in  the  eordj  but  the 
contraction  of  the  rectus  femoris  is  due  to  local  irritation  of  the  muscle  from  sudden  elonga- 
tion.] 

Deep  or  Tendon  Keflexes. — Under  pathological  conditions,  special  attention  is 
directed  to  the  so-called  tendon  reflexes,  which  depend  upon  the  fact,  that  a  blow 
upon  a  tendon  (e.g.,  the  quadriceps  femoris,  tendo  Achilles,  &c.)  discharges  a 
contraction  of  the  corresponding  muscle  (Westphal,  Erb,  1875).  The  patellar 
tendon  reflex  (also  called  "  knee  phenomenon")  or  simply  "knee-reflex,"  or"  knee- 
jerk,"  is  invariably  absent  in  cases  of  ataxic  tabes  dorsalis,  while  in  spastic  spinal 
paralysis  it  is  abnormally  strong  and  extensive  (Urb).  [The  "knee-jerk"  is 
elicited  by  percussing  the  ligamentum  patellae,  and  is  due  to  a  single  spasm  of  the 
rectus.  The  latent  period  is  0-03  to  0-04  second,  and  it  is  argued  by  Waller  and 
others  that  it  is  doubtful  if  this  tendon-reflex  is  subserved  by  a  spinal  nervous  arc, 
while  admitting  the  effect  of  the  spinal  cord  in  modifying  the  response  of  the 
muscle.]  Section  of  the  motor  nerves  abolishes  the  patellar  phenomenon  in  rabbits 
(Schultz),  and  so  does  section  of  the  cord  opposite  the  5th  and  6th  lumbar  vertebrae 
{Tschirjeiv).  Landois  finds  that  in  his  own  person  the  contraction  occurs  0-048 
second  after  the  blow  upon  the  ligamentum  patellae.  According  to  Waller,  the 
patellar  reflex  and  the  tendo  Achilles  reflex  occur  0-03  to  0-04  second,  and 
according  to  Eulenburg,  0-032  second  after  the  blow.  According  to  Westphal,  these 
phenomena  are  not  simple  reflex  processes,  but  complex  conditions  intimately 
dependent  upon  the  muscle  tonus,  so  that  when  the  tonus  of  the  quadriceps 
femoris  is  diminished,  the  phenomenon  is  abolished.  In  order  that  the  phenomenon 
may  take  place,  it  is  necessary  that  the  outer  part  of  the  posterior  column  of  the 
spinal  cord  remain  intact  ( Westphal).    [The  knee-jerk  can  be  increased  or  remforced 
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by  volitional  acts  directed  to  other  parts  of  the  body,  e.g.^  by  exercising  voluntary 
pressure  with  the  hand  {Jendrdssih)?^  [A  "jaw-jerk"  is  obtained  by  suddenly 
depressing  the  lower  jaw  {Gowers,  Beevor,  and  De  Watteville),  and  the  last  ob- 
server finds  that  the  latent  period  is  0-02  second,  and  if  this  be  the  case,  it  is  an 
argument  against  these  so-called  "  tendon  reflexes  "  being  true  reflexes,  and  that  they 
are  direct  contractions  of  the  muscles  due  to  sudden  stimulation  by  extension.] 

[Method. — The  knee-jerk  is  easily  elicited  by  striking  the  patellar  tendon  with 
the  edge  of  the  hand  or  a  percussion-hammer  when  the  leg  is  serai-flexed,  as  when 
the  legs  are  hanging  over  the  edge  of  a  table  or  when  one  leg  is  crossed  over  the 
other.  It  is  almost  invariably  present  in  health,  but  it  becomes  greatly  exaggerated 
in  descending  degeneration  of  the  lateral  columns  and  lateral  sclerosis.] 

[Ankle  clonus  is  another  tendon  reflex,  and  it  is  never  present  in  health.  If  the 
leg  be  nearly  extended,  and  pressure  made  upon  the  sole  of  the  foot  so  as  suddenly 
to  flex  the  foot  at  the  ankle,  a  series  of  (5  to  7  per  second)  rhythmical  contractions 
of  the  muscles  of  the  calf  takes  place.  Gowers  describes  a  modification  elicited  by 
tapping  the  muscles  of  the  front  of  the  leg,  the  front-tap  contraction^  Ankle 
clonus  is  excessive  in  sclerosis  of  the  lateral  columns  and  spastic  paralysis.] 

[lu  "  ankle  clonus"  excited  by  sudden  passive  flexion  of  the  foot,  there  is  a  multiple  spasm 
of  the  gastrocnemius.  Here  also  the  latent  period  is  about  0"03  to  0'04  second,  and  the  rhythm 
8  to  10  per  second.  This  short  latent  period  has  led  some  observers  to  doubt  the  essentially 
reflex  nature  of  this  act.] 

When  we  are  about  to  sleep  (§  374),  there  is  first  of  all  a  temporary  increase  of  the  reflexes  ; 
in  the  first  sleep  the  reflexes  are  diminished,  and  the  pupils  are  contracted.  In  deep  sleep  the 
abdominal,  cremasteric,  and  patellar  reflexes  are  absent ;  while  tickling  the  soles  of  the  feet  and 
the  nose  onlyJacts  when  the  stimulus  is  of  a  certain  intensity.  In  narcosis,  e.g.,  chloroform  or 
morphia,  the  abdominal,  then  the  conjunctival  and  patellar  reflexes  disappear ;  lastly,  the  pupils 
contract  {0.  Rosenhach). 

Abnormal  increase  of  the  reflex  activity  usually  indicates  an  increase  of  the  excitability  of 
the  reflex  centre,  although  an  abnormal  sensibility  of  the  afferent  nei-ve  may  be  the  cause.  As 
the  harmonious  equilibrium  of  the  voluntary  movements  is  largely  dependent  upon  and  regulated 
by  the  reflexes,  it  is  evident  that  in  aff'ections  of  the  spinal  cord,  there  are  frequent  disturbances 
of  the  volimtary  movements,  e.g.,  the  characteristic  disturbance  of  motion  in  attempting  to 
walk,  and  in  gi-aspmg  movements  exhibited  by  persons  suffering  from  ataxic  tabes  dorsalis  [or, 
as  it  is  more  generally  called,  locomotor  ataxia]. 

[The  organic  reflexes  include  a  consideration  of  the  acts  of  micturition,  erection, 
ejaculation,  defsecation,  and  those  connected  with  the  motor  and  secretory  digestive 
processes,  respiration,  and  circulation.] 

362.  CENTRES  IN  THE  SPINAL  CORD.— Centres  capable  of  being 
excited  reflexly,  and  which  can  bring  about  the  discharge  of  certain  complicated, 
yet  well-co-ordinated,  motor  acts  exist  in  various  parts  of  the  spinal  cord.  They 
still  retain  their  activity  after  the  spinal  cord  is  separated  from  the  medulla 
oblongata ;  further,  those  centres  lying  in  the  lower  part  of  the  spinal  cord  still 
retain  their  activity  after  being  separated  from  the  higher  centres,  but  in  the  normal 
intact  body,  they  are  subjected  to  the  control  of  higher  reflex  centres  in  the  medidla 
oblongata.  Hence,  we  may  speak  of  them  as  subordinate  spinal  centres.  The 
cerebrum  also,  partly  by  the  production  of  perceptions,  and  partly  as  the  organ  of 
volition,  can  excite  or  suppress  the  action  of  certain  of  these  subordinate  spinal 
centres.    [For  the  significance  of  the  term  "  Centre,"  see  p.  62.5.] 

1.  The  cilio-spinal  centre  connected  with  the  dilatation  of  the  pupil  lies  in 
the  lower  cervical  part  of  the  cord,  and  extends  downwards  to  the  region  of  the  1st 
to  the  3rd  dorsal  vertebra.  It  is  excited  by  diminution  of  light ;  both  pupils  always 
react  simultaneously,  when  one  retina  is  shaded.  Unilateral  extirpation  of  this  part 
of  the  spinal  cord  causes  contraction  of  the  pupil  on  the  same  side.  The  motor 
fibres  pass  out  by  the  anterior  roots  of  the  two  lower  cervical  and  two  upper  dorsal 
nerves,  into  the  cervical  sympathetic  (§  392).  Even  the  idea  of  darkness  may  some- 
times, though  rarely,  cause  dilatation  of  the  pupil  {Budge). 
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In  goats  and  cats,  this  coutvo,  oven  after  being  separated  from  the  medulla  oblongata,  can  be 
excited  directly  by  dyspuccic  blood,  and  also  reilexly  by  tlie  stimulation  of  sensory  nerves,  e.g., 
tho  mcdiiin,  especially  when  the  rellex  excitability  of  the  cord  is  increased  liy  the  action  of 
strychnin  or  atropiu  {Luchsingcr).  For  the  dilator  centre  in  the  medulla  oblongata,  see 
§  367,  8. 

2.  The  ano-spinal  centre,  or  centre  controlling  the  act  of  defaecation.  The 
afferent  nerves  lie  in  the  hoemorrhoidal  and  inferior  mesenteric  plexuses,  the  centre 
at  the  5th  (dog)  or  6th  to  7th  (rabbit)  lumbar  vertebra ;  the  efferent  fibres  arise 
from  the  pudendal  plexus  and  pass  to  the  sphincter  muscles.  For  the  relation  of 
this  centre  to  the  cerebrum  see  §  160.  After  section  of  the  spinal  cord  [in  dogs], 
Goltz  observed  that  the  sphincter  contracted  rhythmically  upon  the  finger  intro- 
duced into  the  anus  ;  the  co-ordinated  activity  of  the  centre  therefore  would  seem 
to  be  possible  only  when  the  centre  remains  in  connection  with  the  brain. 

3.  The  vesico-spinal  centre  for  regulating  micturition,  or  Budge's  vesico-spinal 
centre.  The  centre  for  the  sphincter  muscle  lies  at  the  5  th  (dog)  or  the  7  th  (rabbit) 
lumbar  vertebra,  and  that  for  the  muscles  of  the  bladder  somewhat  higher.  The 
centre  acts  only  in  a  properly  co-ordinated  way  in  connection  v^'ith  the  brain 
(§  280). 

4.  The  erection  centre  also  lies  in  the  lumbar  region  (§  43 C).  The  afferent 
nerves  are  the  sensory  nerves  of  the  penis ;  the  efferent  nerves  for  the  deep  artery 
of  the  penis  are  the  vaso-dilator  nerves,  arising  from  the  1st  to  3rd  sacral  nerves, 
or  Eckhard's  nervi  erigentes — while  the  motor  nerves  for  the  ischio-cavernosus 
and  deep  transverse  perineal  muscles  arise  from  the  3rd  to  4th  sacral  nerves  (§  356). 
The  latter  may  also  be  excited  voluntarilj^,  the  former  also  partly  by  the  brain,  by 
directing  the  attention  to  the  sexual  activity.  Eckhard  observed  erection  to  take 
place  after  stimulation  of  the  higher  regions  of  the  spinal  cord,  as  well  as  of  the 
pons  and  crura  cerebri. 

5.  The  ejaculation  centre.  The  afferent  nerve  is  the  dorsal  of  the  penis,  the 
centre  (Budge's  genito-spinal  centre)  lies  at  the  4th  lumbar  vertebra  (rabbit) ;  the 
motor  fibres  of  the  vas  deferens  arise  from  the  4th  and  5th  lumbar  nerves,  which 
pass  into  the  sympathetic,  and  from  thence  to  the  vas  deferens.  The  motor  fibres 
for  the  bulbo-cavernosus  muscle,  which  ejects  the  semen  from  the  bulb  of  the 
urethra,  lie  in  the  3rd  and  4th  sacral  nerves  (perineal). 

6.  The  parturition  centre  lies  at  the  1st  and  2nd  lumbar  vertebra  (§  453) ;  the 
afferent  fibres  come  from  the  uterine  plexus,  to  which  also  the  motor  fibres  proceed 
(Korner).  Goltz  and  Freusberg  observed  that  a  bitch  became  pregnant  after  its 
spinal  cord  was  divided  at  the  1st  lumbar  vertebra. 

7.  Vaso-motor  Centres. — Both  vaso-motor  and  vaso-dilator  centres  are  dis- 
tributed throughout  the  whole  spinal  axis.  To  them  belongs  the  centre  for  the 
spleen,  which  in  the  dog  is  opposite  the  1st  to  4th  cervical  vertebra}  {Bidgak).  They 
can  be  excited  reflexly,  but  they  are  also  controlled  by  the  dominating  centre  in 
the  medulla  oblongata  (§  371).  Psychical  disturbance  (cerebrum)  influences  them 
(§  377). 

[8.  Perhaps  there  are  vaso-dilator  centres  (§  372).] 

9.  The  sweat  centre  is  perhaps  distributed  similarly  to  the  vaso-motor  centre 
(§  288). 

The  reflex  movements  discharged  from  these  centres  are  orderly  co-ordinated  reflexes,  and 
may  thus  be  compared  to  the  orderly  reflexes  of  the  trunk  and  extremities. 

Muscle  Tonus.— Formerly  automatic  functions  were  ascribed  to  the  spinal  cord,  one  of  thase 
being  that  it  caused  a  moderate  active  tension  of  the  muscles-a  condition  that  was  temed 
musdc  tone,  or  tonus.  The  existence  of  tonus  in  a  striped  muscle  was  tliongbt  to  be  P  y<=d  by 
he  act  that,  when  such  a  muscle  was  divided,  its  ends  retracted.  Thi«^,f^^f  f,"^^^  y  '^^^ 
fact  that  all  the  muscles  are  stretched  slightly  beyond  their  normal  length  (§  301).  Jiven 
aralvTed  m^^^^^^^^^  which  have  lost  thetr  muscular  tone,  show  the  s.ame  phenomenon 
FormerlY  thrstionger  contraction  of  certaiu  muscles,  after  poralyp  of  their  antagonists,  and 
Le^trition  of  th^^         muscles  to  the  sound  side,  after  paralysis  of  the  facial  nerve,  ^^ere 
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1  .  .«„„vH«.1  n«  Hub  to  tonus.  This  result  is  duo  to  the  fact  that,  during  the  activity  of  the 
also  fg^^yi^  "?,7^1°r  o^^^^^^^  "ot  sufficient  power  to  restore  the  parts  to  their  normal 
intact  muscUs  the  othei  on^^^^^^^  experiment  of  Auerhach  and  Hei.lenhain  is  against  the 
median  position      rhe  foUo>  n  ^  decapitated  frog  be  stretched, 

ri"£7tha;  ttTdo^f^^^  after  section  of  the  scialic  nerve,  ir  after  it  is  paralysed  by 

"'t^T:^^rZZ:^'fl^^^tei  frog  be  suspended  in  an  position  wo 

itenex  xonw     1,  .  posterior  nerve-roots  on  one  side,  that  the 

n^'that  de  Inn  s  I  n  S  the  leg  of  the  sound  si,le  is  slightly  retracted.  The  sensory 
Sves  of  thettt™  continually  stimulated  by  tl^e  weight  of  the  limb,  so  that 

rslMit  iVretraction  of  the  leg  takes  place,  which  disappears  as  soon  as  the  sensory  nerves 
of  the  leer  are  divided.  If  we  choose  to  call  this  slight  retraction  tonus,  then  it  is  a  reflex  tonus 
(Brondgeest).    (See  the  experiments  of  Earless,  G.  Luchoig,  and  Cyon—%  355.) 

363  EXCITABILITY  OF  THE  SPINAL  CORD.— Evea  at  the  present 
time  observers  are  by  no  means  agreed  whether  the  spinal  cord,  like  peripheral 
nerves,  is  excitable,  or  whether  it  is  distinguished  by  the  remarkable  peculiarity  that 
most  of  its  conducting  paths  and  ganglia  do  not  react  to  direct  electrical  and 
mechanical  stimuli. 

It  is  contended  by  some  observers  that  if  stimuli  be  cautiously  applied  either  to  white  or 
<rrey  matter  there  is  neither  movement  nor  sensation  ( Van  Dean  (1841),  Broion-Siquard).  Care 
must  be  taken  not  to  stimulate  the  roots  of  the  spinal  nerves,  as  these  respond  at  once  to 
stimuli  and  thus  may  give  rise  to  movements  or  sensations.  As  the  spinal  cord  conducts  to 
the  brain  impulses  communicated  to  it  from  the  stimulated  posterior  roots,  but  does  not  itself 
respond  to  stimuli  which  produce  sensations,  Schitf  has  applied  to  it  the  term  "  sesthesodic. 
Further,  as  the  cord  can  conduct  both  voluntary  and  reflex  motor  impulses,  without,  however, 
itself  being  atfected  by  motor  impulses  applied  to  it  dii-ectly,  he  calls  it  "  kmesodic." 

SchifE's  views  are  as  follows  : — 

1.  In  the  posterior  colunms  the  sensory  root-fibres  of  the  posterior  root 
which  traverse  these  columns  give  rise  to  painful  impressions,  but  the  proper  paths 
of  the  posterior  columns  themselves  do  not  do  so.  The  proof  that  stimulation  of 
the  posterior  column  produces  sensory  impressions,  he  finds  in  the  fact  that  dilata- 
tion of  the  pupil  occurred  with  every  stimulation  (§  292).  Kemoval  of  the  posterior 
column  produces  ansesthesia  (loss  of  tactile  sensation).  Algesia  [or  the  sensation  of 
pain]  remains  intact,  although  at  first  there  may  even  be  hyperalgesia. 

2.  The  anterior  columns  are  non-excitable,  both  for  striped  and  non-striped 
muscle,  as  long  as  the  stimuli  are  applied  only  to  the  proper  paths  of  this  column. 
But  movements  may  follow,  either  when  the  anterior  nerve-roots  are  stimulated,  or 
when,  by  the  escape  of  the  current,  the  posterior  columns  are  affected,  whereby 
reflex  movements  are  produced. 

According  to  Schiff,  therefore,  all  the  phenomena  of  irritation,  which  occur  when  an  uninjured 
cord  is  stimulated  (spasms,  contractiu-e),  are  caused  either  by  simultaneous  stimulation  of  the 
anterior  roots,  or  are  reflexes  from  the  posterior  columns  alone,  or  simultaneously  from  the 
posterior  columns  and  the  posterior  roots.  Diseases'  affecting  only  the  anterior  and  lateral 
columns  alone  never  produce  symptoms  of  irritation,  but  always  of  paralysis.  In  complete 
anaesthesia  and  apncea,  every  form  of  stimulus  is  quite  inactive.  According  to  SchiS"s  view,  all 
centres,  both  spinal  and  cerebral,  are  inexcitable  by  artificial  means. 

Direct  Excitability. — Many  observers,  however,  oppose  these  views,  and  contend  that  the 
spinal  cord  is  excitable  to  direct  stimulation.  Fick  observed  movements  to  take  place  when 
he  stimulated  the  white  columns  of  the  cord  of  a  frog,  isolated  for  a  long  distance  so  as  to  avoid 
the  escape  of  the  stimulating  currents.  Sirotinin,  also,  who  stimulated  the  transverse  section 
of  the  frog's  cord  from  point  to  point,  obtained  contraction  of  the  muscles  both  by  mechanical 
and  electi'ical  stimuli.  Biedermann  comes  to  the  following  conclusions: — The  transverse 
section  of  a  motor  nerve  is  most  excitable.  Weak  stimuli  (descending  opening  shocks)  excite 
the  cut  surface  of  the  transversely  divided  spinal  cord,  but  do  not  act  when  applied  further 
down.  Luchsinger  asserts  that,  after  dipping  the  anterior  part  of  a  beheaded  snake  into  warm 
water,  the  reflex  movements  of  the  upper  part  of  the  cord  are  abolished,  while  the  direct  excita- 
bility remains. 

3.  Excitahility  of  the  Vaso-motors. — The  vaso-constrictor  nerves,  which  pro- 
ceed from  the  vaso-motor  centre  and  run  downwards  in  the  lateral  columns  of  the 
cord,  are  excitable  by  all  stimuli  along  their  whole  course ;  direct  stimulation  of 
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any  transverse  section  of  the  cord  constricts  all  the  blood-vessels  below  the  point  of 
section  (C.  Ludwiy  and  Thiry).  In  the  same  way,  the  fibres  which  ascend  in  the 
cord,  and  increase  the  action  of  the  vaso-motor  centre— pmso?-  fibres,  are  also 
excitable  (a  Liidivig  and  Dittmar—%  364,  10).  Stimulation  of  these  fibres, 
although  It  affects  the  vaso-motor  centre  reliexly,  does  not  cause  sensation. 

4.  Chemical  stimuli  such  as  the  application  of  common  salt,  or  wetting  the 
cut  surface  with  blood,  appear  to  excite  the  spinal  cord. 

5.  The  motor  centres  are  directly  excited  by  blood  heated  above  40°  C,  or  by 
asphyxiated  blood,  or  by  sudden  and  complete  anasmia  of  the  cord  produced  by 
ligature  of  the  aorta  {Sigm.  Mayer)  ;\  and  also  by  certain  poisons— picrotoxin, 
uicotin,  and  compounds  of  barium  {Luclisinger). 

Action  of  Blood  and  Poisons.— In  experiments  of  this  kind,  the  spinal  cord  ought  to  be 
divided  at  the  1st  lumbar  vertebra,  at  least  twenty  hours  before  the  experiment  is  begun.  It  is 
well  to  divide  the  posterior  roots  beforehand  to  avoid  reflex  movements.  If,  in  a  cat  thus 
operated  on,  dyspncm  be  produced,  or  its  Mood  overheated,  then  spasms,  contraction  of  tlie  vessels, 
and  secretion  of  sweat  occur  in  the  liind  limbs,  together  with  evacuation  of  the  contents  of 
the  Madder  and  rectum,  while  there  are  movements  of  the  uterus  and  the  vas  deferens.  Some 
poisons  act  in  a  similar  manner.  In  animals  with  the  medulla  oblongata  divided,  rhythmical 
respiratory  movements  may  be  produced  if  the  spinal  cord  has  been  previously  rendered  veiy 
sensitive  by  strychnin  or  overheated  blood  {P.  v.  Bokitansky,  v.  Schroff—%  368). 

The  ganglion-cells  of  the  anterior  cornu  can  be  excited  mechanically  {Birge), 
and,  according  to  Biedermann,  the  grey  matter  also  responds  to  electrical  stimuli. 

Hypersesthesia. — After  unilateral  section  of  the  cord,  or  even  only  of  the 
posterior  or  lateral  columns,  there  is  hyijermsthesia  on  the  same  side  below  the 
point  of  section  {Fodera,  1823,  and  others),  so  that  rabbits  shriek  on  the  slightest 
touch.  The  phenomenon  may  last  for  three  weeks,  and  then  give  place  to  normal 
or  sub-normal  excitability.  On  the  sound  side  the  sensibility  remains  permanently 
diminished.  A  similar  result  has  been  observed  in  cases  of  injury  in  man.  An 
analogous  phenomenon,  or  a  tendency  to  contraction  in  the  muscles  below  the 
section  (hyperkinesia),  has  been  observed  by  Brown-Sequard  after  section  of  the 
anterior  columns. 

The  excitability  of  the  cord  is  intimately  dependent  on  the  continuance  of  the 
circulation,  for  ligature  of  the  abdominal  aorta  rapidly  paralyses  the  lower 
extremities  {Sienson,  1667),  due  to  anjemia  of  the  cord  (Schifer).  Later,  the 
anterior  roots  of  the  spinal  nerves,  and  the  anaemic  part  of  the  grey  matter  of  the 
cord,  undergo  degeneration. 

364.  THE  CONDUCTING  PATHS  IN  THE  SPINAL  CORD.— [Posterior 
Eoot. — (a)  The  inner  part,  or  internal  radicular  fasciculus  is  supposed  to  convey 
the  impressions  from  tendons  and  those  for  touch  and  locality.  When  the  postero- 
external column  is  diseased,  as  in  locomotor  ataxia,  the  deep  reflexes,  especially  the 
patellar  tendon  reflex,  are  enfeebled,  or  it  may  be  abolished,  while  the  implication 
of  the  fibres  of  the  internal  fasciculus  gives  rise  to  severe  pain,  (b)  The  outer 
radicular  fibres  enter  the  grey  matter  of  the  posterior  horn,  and  are  supposed  to 
convey  the  impressions  for  cutaneous  reflexes  and  temperature,  (c)  The  central 
fibres  i^ass  directly  into  the  grey  matter,  and  are  supposed  to  conduct  painful 
impressions  into  the  grey  matter  (fig.  449).] 

1.  Localised  tactile  sensations  (temperature,  pressure,  and  the  muscular  sense 
impressions)  are  conducted  upwards  through  the  posterior  roots  to  the  ganglia  of 
the  posterior  cornu,  and  lastly  into  the  posterior  column  of  the  same  side. 

In  man,  the  conducting  path  from  the  legs  runs  in  Goll's  column,  while  those  for  the  arms 
run  in  the  ground-bundle  (fig.  454)  {Flcchsig).  In  rabbits,  the  ]iath  of  localised  tactile  impres- 
sions lies  in  the  lower  dorsal  region  in  the  lateral  columns  {Ludwig  and  JForoschiloff,  OU  and 
Meade- Smith). 

AnsBsthesia. — Section  of  individual  parts  of  the  lateral  columns  abolishes  the  sensibility  for 
the  parts  of  £lie  skin  connected  with  the  part  destroyed,  while  total  section  produces  the  same 
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result  for  the  whole  of  the  opposite  side  of  the  body  helow  tho  section.  The  condition  where 
tactile  and  muscular  sensibility  is  lost  is  known  as  anccsthcsia. 

0  Localised  voluntary  movements  in  man  are  conducted  on  the  same  side 
thmuc^h  the  anterior  and  lateral  columns  (§§  358  and  365),  in  the  parts  known  as  the 
Tjyramidal  tracts.  The  impulses  then  pass  into  the  cells  of  the  anterior  cornu,  and 
thence  to  the  corresponding  anterior  nerve-roots  to  the  muscles.  The  exact  section 
experiments  of  Ludwig  and  Woroschiloff  showed  that,  in  the  lower  dorsal  region  of 
the  rabbit,  these  paths  were  confined  to  the  lateral  columns.  Every  motor  nerve- 
fibre  is  connected  with  a  nerve-cell  in  the  anterior  horn  of  the  frog's  spinal  cord 
(Gaide  and  Birge).  Section  of  one  lateral  column  abolishes  voluntary  movement 
in  the  corresponding  individual  muscles  below  the  point  of  section.  It  is  obvious, 
from  the  conduction  in  1  and  2,  that  the  lateral  columns  must  increase  in  thickness 
and  number  of  fibres  from  below  upwards  (Stilling,  Woroschiloff)  [see  fig.  443]. 

3.  Tactile  reflexes  (extensive  and  co-ordinated).— The  fibres  enter  by  the 
posterior  root,  and  proceed  to  the  posterior  cornu.  The  groups  of  ganglionic  cells, 
which  control  the  co-ordinated  reflexes,  are  connected  together  by  fibres  which  run 
in  the  anterior  tracts,  the  anterior  ground  bundle  and  (1)  the  direct  cerebellar  tracts 
(p.  633).  The  fibres  for  the  muscles  which  are  contracted  pass  from  the  motor 
ganglia  outwards  through  the  anterior  roots. 

In  ataxic  tabes  dorsalis,  or  locomotor  ataxia,  there  is  a  degeneration  of  the  posterior  columns, 
characterised  by  a  peculiar  motor  disturbance.  The  voluntary  movements  can  be  executed  with 
full  and  normal  vigour,  but  the  finer  harmonious  adjustments  are  wanting  or  impaired,  both  m 
intensity  and  extent.  These  depend  in  part  upon  the  normal  existence  of  tactile  and  muscular 
impressions,  whose  channels  lie  in  the  posterior  columns.  After  degeneration  of  the  latter^ 
there  is  not  only  anajsthesia,  but  also  a  disturbance  in  the  discharge  of  tactile  reflexes,  for  which 
the  centripetal  arc  is  interrupted.  But  a  simultaneous  lesion  of  the  sensory  nerves  alone  nmy 
in  a  similar  manner  materially  influence  the  harmony  of  the  movements,  owing  to  the  analgesia 
and  the  disappearance  of  the  pathic  reflexes  (§  355).  As  the  fibres  of  the  posterior  root  traverse 
the  white  posterior  columns,  we  can  account  for  the  disturbances  of  sensation  which  characterise 
the  degenerations  of  these  parts  {Charcot  and  Pierrot).  But  even  the  posterior  roots  themselves 
may  undergo  degeneration,  and  this  may  also  give  rise  to  disturbances  of  sensation  (p.  618). 
The  sensory  disturbances  usually  consist  in  an  abnormal  increase  of  the  tactile  or  painful  sensa- 
tions, with  lightning  pains  shooting  down  the  limbs,  and  this  condition  may  lead  to  one 
where  the  tactile  and  painful  sensations  are  abolished.  At  the  same  time,  owing  to  stimu- 
lation of  the  posterior  columns,  the  tactile  sensibility  is  altered,  giving  rise  to  the  sensation  of 
formication,  or  a  feeling  of  constriction  ["girdle  sensation"].  The  conduction  of  sensory 
impressions  is  often  slowed  (§  337).  The  sensibility  of  the  muscles,  joints,  and  internal  parts 
is  altered. 

The  maintenance  of  the  equilibrium  is  largely  guided  by  the  impulses  which  travel  inwards 
to  the  co-ordinating  centres  through  the  sensory  nerves,  special  and  general,  deep  and  super- 
ficial. In  many  cases  of  locomotor  ataxia,  if  the  patient  place  his  feet  close  together  and  close 
his  eyes,  he  sways  from  side  to  side  and  may  fall  over,  because  by  cutting  off"  the  guiding 
sensations  obtained  through  the  optic  nerve,  the  other  enfeebled  impulses  obtained  from  the 
skin  and  the  deeper  structures  are  too  feeble  to  excite  proper  co-ordination. 

4.  The  inhibition  of  tactile  reflexes  occurs  through  the  anterior  columns ;  the 
impulses  pass  from  the  anterior  column  at  the  corresponding  level  into  the  grey 
matter,  where  they  form  connections  with  the  reflex  conducting  apparatus. 

5.  The  conduction  of  painful  impressions  occurs  through  the  posterior  roots,  and 
thence  through  the  whole  of  the  grey  matter.  There  is  a  partial  decussation  of 
these  impulses  in  the  cord,  the  conducting  fibres  passing  from  one  side  to  the  other. 
The  further  course  of  these  fibres  to  the  brain  is  given  in  §  365. 

If  all  the  grey  matter  be  divided,  except  a  small  connecting  portion,  this  is  suflicient  to 
conduct  painful  impressions.  In  this  case,  however,  the  conduction  is  slower  {Schiff).  Only 
when  the  grey  matter  is  completely  divided,  is  the  conduction  of  painful  impressions  from  below 
completely  interrupted.  This  gives  rise  to  the  condition  of  analgesia,  in  which,  when  the 
posterior  columns  are  still  intact,  tactile  impressions  are  still  conducted.  This  condition  is 
sometimes  observed  in  man  during  incomplete  narcosis  from  chloroform  and  morphia  {Thiersch). 
Those  poisons  act  sooner  on  the  nerves  which  administer  to  painful  sensations  than  on  those 
for  tactile  impressions,  so  that  the  person  operated  on  is  conscious  of  the  contact  of  a  knife,  but 
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not  of  the  painful  sensations  caused  by  tlie  knife  dividing  tlie  parts.  As  painful  impressions 
are  conducted  l)y  the  wliolo  of  the  grey  matter,  and  as  the  impressions  are  more  powerful  the 
stronger  the  ])iiinfnl  impression,  wo  may  thus  explain  tlie  so-called  irradiation  of  painful 
impressions.  During  violent  pain,  the  pain  seems  to  extend  to  wide  areas ;  thus,  in  violent 
toothache,  proceeding  from  a  particular  tooth,  the  pain  may  be  felt  in  the  whole  jaw,  or  it  may 
be  over  one  side  of  the  head. 

According  to  Bechterow,  the  paths  for  the  conduction  of  painful  impressions  lie  in  the  anterior 
part  of  the  lateral  column  (dog,  rabbit). 

The  experiments  of  Weiss  on  dogs,  by  dividing  the  lateral  column  at  the  limit  of  the  dorsal 
and  lumbar  regions,  showed  that  each  lateral  column  contains  sensory  fibres  for  holh  sides.  The 
chief  mass  of  the  motor  fibres  remains  on  the  same  side.  Section  of  both  lateral  columns 
abolishes  completely  sensibility  and  motility  on  both  sides.  The  anterior  columns  and  the  grey 
matter  are  not  sufficient  to  maintain  these. 

6.  The  conduction  of  spasmodic,  involuntary,  inco-ordinated  movements  takes 
place  through  the  grey  matter,  and  from  the  latter  through  the  anterior  roots. 

It  occurs  in  epilepsy,  poisoning  with  strychnin,  urajmic  poisoning,  and  tetanus  (§  360,  II.). 
The  anremic  and  dyspnceic  spasms  are  excited  in  and  conducted  from  the  medulla  oblongata,  and 
communicated  through  the  whole  of  the  grey  matter. 

7.  The  conduction  of  extensive  reflex  spasms  takes  place  from  the  posterior 
roots,  perhaps  to  the  cells  of  the  posterior  cornu  and  then  to  the  cells  of  the  anterior 
cornu,  above  and  below  the  plane  of  the  entering  impulse  (fig.  458),  and,  lastly, 
into  the  anterior  roots,  under  the  conditions  already  referred  to  in  §  360,  II. 

8.  The  inhiljition  of  pathic  reflexes  occurs  through  the  anterior  columns 
downwards,  and  then  into  the  grey  matter  to  the  connecting  channels  of  the  reflex 
organ,  into  which  it  introduces  resistance. 

9.  The  vaso-motor  fibres  run  in  the  lateral  columns  (Dittmar),  and,  after  they 
have  passed  into  the  ganglia  of  the  grey  matter  at  the  corresponding  level,  they 
leave  the  spinal  cord  by  the  anterior  roots.  They  reach  the  muscles  of  the  blood- 
vessels either  through  the  paths  of  the  spinal  nerves,  or  they  pass  through  the  rami 
communicantes  into  the  sympathetic,  and  thence  into  the  visceral  plexuses 
(§  356). 

Section  of  the  spinal  cord  paralyses  all  the  vaso-motor  nerves  below  the  point  of  section;  while 
sHmulcdion  of  the  peripheral  end  of  the  spinal  cord  causes  contraction  of  all  these  vessels.  [Ott's 
experiments  on  cats  show  that  the  vaso-motor  fibres  run  in  the  lateral  columns,  and  that  they  as 
well  as  the  sudorific  nerves  decussate  in  the  cord.] 

10.  Pressor  fibres  enter  in  the  posterior  roots,  run  upwards  in  the  lateral  columns, 
and  undergo  an  incomplete  decussation  {Ludivig  and  Miescke?-). 

They  ultimately  terminate  in  the  dominating  vaso-motor  centre  in  the  medulla  oblongata,  which 
they  excite  reflexly.  Similarly,  depressor  fibres  must  pass  upwards  in  the  spinal  cord,  but  we 
know  nothing  as  to  their  course. 

11.  From  the  respiratory  centre  in  the  medulla  oblongata,  respiratory  nerves 

run  downwards  in  the  lateral  columns  on  the  same  side,  and  after  forming  connec- 
tions with  the  ganglia  of  the  grey  matter  pass  through  the  anterior  roots  into  the 
motor  nerves  of  the  respiratory  muscles  (Schif). 

Unilateral,  or  total  destruction  of  the  spinal  cord,  the  higher  up  it  is  done,  accordingly 
paralyses  more  and  more  of  the  respiratory  nerves,  on  the  same  or  on  both  sides.  Section  of  the 
cord  above  the  origin  of  the  phrenic  nerves  causes  death,  owing  to  the  paralysis  of  these  nerves 
of  the  diaphragm  (§  113).  .    .  , 

In  pathological  cases,  in  degeneration  of,  or  direct  injury  to,  the  spinal  cord  or  its  intlividual 
parts,  we  must  be  careful  to  observe  whether  there  may  not  be  present  simultaneously  paralytic 
and  irritative  phenomena,  whereby  the  symptoms  are  obscured. 

[Complete  transverse  section  of  the  cord  results  immediately  in  complete 
paralysis  of  motion  and  sensation  in  all  the  parts  supplied  by  nerves  below  the  seat 
of  the  injury,  although  the  muscles  below  the  injury  retain  their  normal  trophic 
and  electrical  conditions.  There  is  a  narrow  hyperiEsthetic  area  at  the  upper  limit 
of  the  paralysed  area,  and  when  this  occurs  in  the  dorsal  region,  it  gives  rise  to  the 
feeling  of  a  belt  tightly  drawn  round  the  waist,  or  the  "girdle  sensation."  _  There 
is  also  vaso-motor  paralysis  below  the  lesion,  but  the  blood-vessels  soon  regain  their 
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the  muscles 


tone  owino-  to  the  subsidiary  vaso-motor  centres  in  the  cord.  The  remote  effects 
com^  on  m°uch  later,  and  are  secondary  descending  degeneration  in  the  crossed  and 
di  ect  pyramidal  tracts  and  ascending  degeneration  in  the  postero-internal  columns 
(^f  Ji)  According  to  the  seat  of  the  lesion,  the  functions  of  the  bladder  and 
rectum  may  be  interfered  with.    Injury  to  the  upper  cervical  region  sometimes 

causes  hyperpyrexia.]  _  ,    •      ^      ,    .  i.-  • 

rUnilateral  section  results  in  paralysis  of  voluntary  motion  in 
supplied  by  nerves  given  o£E  below  the  seat  of  the  injury,  although 
do  not  atrophy,  but  when  secondary  descending  degeneration 
occurs  they  become  rigid,  and  exhibit  the  ordinary  signs  of 
contracture.  There  is  vaso-motor  paralysis  on  the  same  side, 
although  this  passes  off  below  the  injury,  while  the  ordinary  and 
muscular  sensibility  are  diminished  on  both  sides  (fig.  459). 
There  is  bilateral  amesthesia.  On  the  opposite  side  there  is 
total  aneesthesia  and  analgesia  below  the  lesion,  but  on  the  same 
side  in  the  dorsal  region  there  is  a  narrow  circular  anassthetic 
zone  (fig.  459,  b),  corresponding  to  the  sensory  nerve-fibres 
destroyed  at  the  level  of  the  section.  The  sensory  nerves 
decussate  shortly  after  they  enter  the  cord,  hence  the  anes- 
thesia on  the  opposite  side,  but  they  do  not  cross  at  once,  but 
run  obliquely  upwards  before  they  enter  the  grey  matter  of  the 
opposite  side,  so  that  a  unilateral  section  will  involve  some 
fibres  coming  from  the  same  side,  and  hence  the  slightly  dimin- 
ished sensibility  in  a  circular  area  on  the  same  side.  There  is 
a  narrow  hypersesthetic  area  on  the  same  side  as  the  lesion,  at 
the  upper  limit  of  the  paralysed  cutaneous  area  (fig.  459,  c),  due 
perhaps  to  stimulation  of  the  cut  ends  of  the  sensory  fibres  on 
that  side.  In  man  there  is  hyperaesthesia  (to  touch,  tickling, 
pain,  heat,  and  cold)  on  the  parts  below  the  lesion  on  the  same 
side,  but  the  cause  of  this  is  not  known.  The  remote  effects 
are  due  to  the  usual  descending  and  ascending  degeneration 
■which  set  in.] 

[In  monkeys,  after  hemi-section  of  the  cord  in  the  dorsal _  region, 
there  is  paralysis  of  voluntary  motion  and  retention  of  sensiTiility  with 
vaso-motor  paralysis  of  the  same  side,  and  retention  of  voluntary  motion 
with  anaesthesia  and  analgesia  on  the  opposite  side.  The  existence  ol' 
hypeifesthesia  on  the  side  of  the  lesion  is  not  certain  in  these  animals, 
hut  there  is  no  doubt  of  it  in  man.  Ferrieralso  finds  (in  opposition  to 
Brown-Sequard)  that  the  muscular  sense  is  paralysed  as  well  as  all  other  forms  of  sensibility,  on 
the  side  opposite  to  the  lesion,  but  unimpaired  on  the  side  of  the  lesion.  The  muscular  sense, 
in  fact,  is  entirely  separable  from  the  motor  innervation  of  muscle  (Ferrier).  The  power  of 
emptying  the  bladder  and  rectum  was  not  affected.  ] 


Diagrammatic  repre- 
sentation of  a  lesion 
of  the  left  half  of  the 
spinal  cord  in  the 
dorsal  region.  (a) 
oblique  lines,  motor 
and  vaso-motor  para- 
lysis ;  (&,  d),  com- 
plete anaesthesia ;  (a, 
c),  hyperesthesia  of 
the  skin. 


The  Brain. 

365.  GrENEEAL  SCHEMA  OF  THE  BEAIN.—In  an  organ  so  complicated  in  its  structure 
as  the  brain,  it  is  necessary  to  have  a  general  view  of  the  chief  arrangements  of  its  individual 
parts.  Meynert  gave  a  plan  of  the  general  arrangement  of  this  organ,  and  although  this  plan 
may  not  be  quite  correct,  still  it  is  useful  in  the  study  of  brain  function.  The  weight  of  the 
brain  is  in  man  about  1358  gi-ammes,  and  in  woman  1220  grammes  {Bisclioff). 

[A  special  layer  of  grey  matter  of  the  cerebrum  is  placed  externally  and  spread  a.s  a  thin 
coating  over  the  white  matter  or  centrum  ovale — which  lies  internally,  and  consists  of  nerve- 
fibres  or  the  white  matter.  That  part  lying  in  each  hemisphere  is  the  centrum  scmi-ovale.  The 
grey  matter  is  folded  iuto  gyri  or  convolutions  separated  from  each  other  by  fissiu'es  or  sulci. 
Some  of  the  latter  are  very  marked,  and  serve  to  separate  adjacent  lobes,  while  the  lobes 
themselves  are  further  subdivided  by  sulci  into  convolutions.  For  a  description  of  the  lobes 
see  §  375.    Some  masses  of  gi'ey  matter  are  disposed  at  the  base  of  the  brain,  forming  the 
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,„„ff.,.  r.r  u         I       u  ^''S;  ^02).    Lastly,  there  is  the  continuation  of  the  crev 

r„v  f  ^''"'^'^■•^l."P>l»'°"Sli. the  medulla,  pons,  and  around  the  iter,  Ibnning  the  centZ 
grey  tube  and  terminating  anteriorly  at  the  tuber  cinereum.  These  various  parts  are  connected 
in  a  variety  of  ways  with  each  other,  somo  by  transverse  fibres  stretching  between  the  two  sides 

of  the  brain,  while  other  longi- 
tudinal fibres  bring  the  hinder 
and  lower  parts  into  relation  with 
the  fore  parts.] 

[Under  cover  of  the  occipital 
lobes,  but  connected  with  the 
cerebrum  in  front,  and  the  spinal 
cord  below,  is  the  cerebellum, 
which  has  its  gi-ey  matter  ex- 
ternally and  its  white  core  inter- 
nally. Thus  we  have  to  consider 
cerebro-spinal  and  cerebello-spinal 
connections.] 

Meynert's  Projection  Systems. 
— The  cortex  of  the  cerebrum 
consists  of  convolutions  and  sulci, 
the  "peripheral  grey  matter" 
(fig.  461,  C),  which  is  recognised 
as  a  nervous  structure,  from  the 
presence  in  it  of  numerous  gan- 
glionic cells  (§  358,  1).  From  it 
proceed  all  the  motor  fibres  which 
ure  excited  by  the  will,  and  to  it 
])roceed  all  the  fibres  coming  from 
the  organs  of  special  sense  and 
sensory  organs,  which  give  rise  to 
the  psychical  perception  of  ex- 
ternal impressions.  [In  fig.  461 
the  decussation  of  the  sensory 
fibres  is  represented  as  occurring 
near  the  medulla  oblongata.  It 
is  more  probable  that  a  large 
number  of  the  sensory  fibres  de- 
cussate shortly  after  they  enter 


Fig.  460. 

Dissection  of  the  brain  from  above,  showing  the  lateral,  3rd, 


■laacoLiuu  ui  tiic  uiaiu  iium  auuve,  siiuvwiig  uiie  laueitu,  oiu,       ^^^.^       is  reoresented  in  fi' 
and  4th  ventricles,  with  the  basal  ganglia,  and  surrounding  ^gg^    g^^^^  observers  assert  that 


parts,    a  knee  of  the  corpus  callosum  ;  &,  anterior  part  of  someof  the  seusoryfibres  decussate 
the  right  corpus  striatum  ;  Z- ,  grey  matter  dissected  oft  to     ^j^^  ^^^^^^^  oblongata.] 
show  white  fibres  ;  c,  points  to  tfenia  semicircularis  ;  d,     ^^^^  Projection  sfstem.-The 
optic  thalamus  ;  c.  antenor  pillars  ^^^^ 
ti-icle  m  front  of  them,  between  the  two  lammaj  of  the  ^^^^^  ^^^^      them  tra- 

septum  lucidum  ;  /,  middle  or  soft  commissure;  g,  3rd       •     ^j^^ ^ 
ventricle  ;  h  z,  corpora  quadngemma  ;  k,  superior  cere-  ^j^^  cerebrum--th;  corpus 

bel  ar  peduncle  ;Z,luppocampus  major  ;,,i,  posterior  cornu^t^^^^^^  (composed  of  the 

of  lateral  ventricle  ;  «,  eminentia  col  ateralis ;  0  4th  ven- ^^^^^^^^  '^^J^^^^  lenticular 

tricle  ;  p,  medulla  oblongata  ;  s,  cerebellum,  with  r,  

vitfe. 

— some  fibres  form  connections  with  cells  mthin  this 

proceed  from  the  cortex  through  the  corona  radiata  in  a  radiate  dii'ection  constitute  Meynert's 
first  projection  system.  Besides  these,  the  white  substance  also  contains  two  other  systems  of 
fibres  : — (a)  CommisBural  fibres,  such  as  the  corpus  callosum  and  the  anterior  commissure  (c,  c), 
which  are  supposed  to  connect  the  two  hemispheres  with  each  other;  and  {b)  ».  connecting  or 
association  system,  whereby  two  different  areas  of  the  same  side  are  connected  together  (a,  a). 
The  ganglionic  grey  matter  of  the  basal  ganglia  forms  the  first  stage  in  the  couree  of  a  large 
number  of  the  fibres.  When  they  enter  the  central  grey  matter,  they  are  intci-rii])led  in  their 
course.  According  to  Meynert,  the  corona  radiata  contains  bundles  of  fibres  from  the  corpus 
striatum  (1,  1),  lenticular  nucleus  (2,  2),  optic  thalamus  (3,  3),  and  corpora  miadrigemina  (4,  4). 

The  second  projection  system  consists  of  longitudinal  bundles  of  fibres,  which  proceed  down- 
wards and  reach  the  .so-called  "  central  grey  tube,"  which  is  the  ganglionic  grey  matter  reaching 


arbor  ^^^^^i^^^  (N.Z),)  optic  thalamus 
(T.o),  and  corpora  quadrigemina 
central  gi-ey  matter.    The  fibres  which 
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from  tlie  Srd  ventricle  through  the  aqueduct  of  Sylvius,  and  the  medulla  oblongata,  to  the 
lowest  part  of  the  grey  matter  of  the  spinal  cord.  It  lines  the  inner  surface  of  the  medullary 
tube     It  is  the  second  stage  in  the  course  of  the  fibres  extending  from  the  basal  ganglia  to  the 


I 


Fig.  461. 

I,  Scheme  of  the  brain. — C,  C,  cortex  cerebri;  C.s,  corpus  striatum;  'N.l,  nucleus  lenti- 
cularis ;  T.o,  optic  thalamus ;  v,  corpora  quadrigemina ;  P,  peduuculus  cerebri ;  H, 
tegmentum  ;  and  p,  crusta  ;  1,  1,  corona  radiata  of  the  corpus  striatum  ;  2,  2,  of  the  lenti- 
cular nucleus  ;  3,  3,  of  the  optic  thalamus  ;  4,  4,  of  the  corpora  quadrigemina  ;  5,  pyramidal 
fibres  from  the  cortex  cerebri  {Flechsig) ;  6,  6,  fibres  from  the  corpora  quadrigemina  to  the 
tegmentum ;  m,  further  course  of  these  fibres  ;  8,  8,  fibres  from  the  corpus  striatum  and 
lenticular  nucleus  to  the  crusta  of  the  peduuculus  cerebri ;  M,  further  course  of  these;  S,  S, 
course  of  the  sensory  fibres  ;  R,  transverse  section  of  the  spinal  cord  ;  v.W,  anterior,  and 
h.  W,  posterior  roots ;  a,  a,  association  system  of  fibres  ;  c,  c,  commissural  fibres.  II, 
Transverse  section  through  the  posterior  pair  of  the  corpora  quadrigemina  and  the  pedunculi 
cerebri  of  man. — p,  crusta  of  the  peduncle  ;  s,  substantia  nigra  ;  v,  corpora  quadrigemina, 
with  a  section  of  the  aqueduct.  Ill,  The  same  of  the  dog  ;  IV,  of  an  ape ;  V,  of  the 
guinea-pig.    [See  p.  650.] 

central  tubular  giey  matter.  The  fibres  of  this  system  must  obviously  vary  greatly  in  length  ; 
some  fibres  end  in  the  central  grey  matter  above  the  medulla  oblongata,  e.g.,  in  the  oculomotor 
nucleus,  while  others  reach  to  the  level  of  the  last  spinal  nerves.    In  the  central  grey  matter. 
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not  only  is  the  course  of  the  fibres  interrupted,  but  there  is  in  it  au  increase  in  the  number  of 
libres  or  fnr  more  libros  proceed  peripherally  from  the  grey  matter  of  the  medulla  and  spinal 
cord,  than  are  sent  to  it  from  the  central  grey  matter  of  the  brain  "l'""" 

As  to  the  nrrnngement  of  the  fibres  in  this  second  system,  the  fibres  descending  from  the 
caudate  and  lenticu  ar  nucleus  8,  8)  are  grouped  into  a  si)ecial  channel,  which  descends 
through  the  crusta  of  the  cerebral  peduncle,  and  enters  the  medulla  oblongata,  or  (according  to 
Flechsig)  the  pons.  In  the  sume  way  there  proceeds  from  the  thalamus  (S)  and  corpora  quad- 
ngemina  (6  6)  a  bundle  which  descends  through  the  tegmentum  (II)  of  the  cerebral  peduncle. 
Both  sets  ol  iibrcs— those  m  the  crusta  and  in  the  tegmentum— come  together  in  the  cord 

According  to  Wernicke,  the  lenticular  nucleus  and  caudate  nucleus  are  not  the  parts  of  the 
brain  into  which,  from  the  cerebral  cortex  and  through  the  corona,  radiate  fibres  enter:  but 
they  are  independent  parts,  analogous  to  the  cortex,  and  from  them  fibres  proceed.  These 
hbros  pass  into  the  crusta  and  run  along  with  those  fibres  proceeding  from  the  thalamus  and 
corpora  quadrigemina. 

According  to  Meynert,  the  fibres  which  pass  from  the  thalamus  and  corpora  quadrigemina 
through  the  tegmentum  of  the  cerebral  peduncle,  are  reflex  channels ;  so  that  these  portions  of 
the  brain  are  centres  for  certain  extensive,  co-ordinated  reflexes.    This  is  shown  by  the  fact 
that,  after  destruction  of  the  voluntary  motor  paths,  in  animals,  the  technical  completeness  of 

movements,  so  far  as  these  are  discharged 
reflexly,  is  still  intact.  These  channels 
run  in  the  spinal  cord,  at  first  on  the 
side  (m),  and  probably  ultimately  cross  in 
the  spinal  cord  itself. 

The  Third  Projection  System. — Lastly, 
from  the  central  tubular  grey  matter  there . 
proceeds  the  third  system,  or  the  peri- 
pheral nerves,  motor  and  sensory.  These 
are  more  numerous  than  the  fibres  of  the 
second  system. 

[While  there  are  three  concentric  tubes 
in  the  spinal  cord  (§  359),  in  the  part 
which  forms  the  brain  an  extra  layer  of 
grey  matter  is  added — the  peripheral 
grey  tube — constituting  the  cortex  of  the 
cerebral  hemispheres  and  cerebellum,  and 
the  corpora  quadrigemina.  Thus,  the 
white  matter  lies  between  two  concentiic 
masses  of  grey  matter  {HiU).'\ 

Connections  of  the  Cerebelltim. — The 
cerebellum  consists  of  two  somewhat  flat- 
tened hemispheres  connected  across  the 
middle  line  by  the  middle  lobe  or  vermi- 
form process  which  is  the  fundamental 
portion  of  the  organ,  as  it  is  best  de- 
veloped in  lower  animals,  while  as  yet 
the  lateral  lobes  are  but  small  or  absent, 
e.g.,  in  birds.  The  surface  is  furrowed  by 
sulci  so  as  to  cause  it  to  resemble  a  series 
of  folia,  leaflets  or  laminse ;  larger  fissures 
divide  it  into  lobes.  Peduncles. — The 
two  superior  peduncles  connect  it  with 
the  corpora  quadrigemina  and  the  crura 
cerebri.  The  fibres  come  from  the  lower 
part  of  the  cerebellum  and  from  its  dentate 


Fig.  462. 

Floor  of  the  4th  ventricle  and  the  connections  of  the 
cerebellum.  On  the  left  side  the  three  cerebellar 
peduncles  are  cut  short ;  on  the  right  the  connec- 
tions of  the  superior  and  inferior  peduncles  have 
been  preserved,  while  the  middle  one  has  been  cut 
short.  1,  median  groove  of  the  4th  ventricle  with 
the  fasciculi  teretes  ;  2,  the  striae  of  the  auditory 
nerve  on  each  side  emerging  from  it ;  3,  inferior 
peduncle  ;  4,  posterior  pyramid  and  clava,  with 
the  calamus  scriptorius  above  it ;  5,  superior 
peduncle  ;  6,  fillet  to  the  side  of  the  crura  cerebri ; 
8,  corpora  quadrigemina. 

nucleus,  and  a  number  of  these  fibres  decussate  in  the  upper  part  of  the  pons  and  the  tegmen- 
tum, some  of  them  becoming  connected  with  the  red  nucleus  in  the  tegmentum  of  the  opposite 
side.  Some  of  the  fibres  seem  to  connect  the  cerebellum  with  the  frontal  lobes,  constituting  a 
froato-cerebellar  tract,  and  they  are  also  crossed  (Goivers).  When  the  cerebellum  is  congeni- 
tally  absent,  these  fibres  are  absent  (Flechsig).  By  the  two  inferior  peduncles  or  restilbrm 
bodies,  it  is  connected  with  all  the  columns  of  the  spinal  cord,  and  it  is  to  be  noted  that  some  of 
the  fibres  forming  these  peduncles  are  connected  with  the  olivary  body  of  the  opposite  side,  so 
that  they  decussate.  The  middle  peduncle  is  formed  by  the  transverse  fibres  of  the  pons  (figs. 
462,  503).  It  is  evident  that  there  is  a  cerebello-spinal,  as  well  as  a  cerebro-spinal  connection 
to  be  considered.] 

[The  grey  matter  is  external  and  the  white  internal,  and  on  section  the  foliated  branched 
appearance  of  the  cerebellum  constitutes  the  arbor  vilcc.  Within  each  lateral  lobe  is  a  folded 
mass  of  grey  matter  like  that  in  the  olivary  bod  v,  called  the  corpus  dentatum,  and  from  its 
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interior  white  fibres  proceed.  Stilling  describes  in  the  front  part  of  the  middle  lobe  roof-nuclei 
-so  called  because  they  lie  in  the  roof  of  the  4th  ventricle.  As  is  shown  in  fig.  462,  the  white 
fibres  of  the  superior  peduncle  pass  to  the  grey  matter  on  the  inferior  surface  ot  the  cerebellum, 
while  the  inferior  peduncular  fibres  pass  to  the  superior  surface,  chiefly  of  the  median  part ; 
but  both  are  said  to  form  connections  with  the  corpus  dentatuni ;  the  middle  pcduucie  is  con- 
nected  with  the  ^rey  matter  of  the  lateral  lobes.    The  minute  structure  is  described  m    dSO.  J 

The  distribution  of  the  blood-vessels  of  the  brain  is  of  much  practical  importance.  The 
middle  cerebral  artery  of  the  Sylvian  fissure  supplies  the  motor  areas  of  the  brain  in  animals  ; 
in  man  the  paracentral  lobule  is  supplied  by  the  anterior  cerebral  artery  {Buret).  The  region 
of  the  third  loft  frontal  convolution,  which  is  the  speech-centre,  is  supplied  by  a  special  branch 
of  the  raiddle  cerebral.  According  to  Terrier,  that  part  of  the  brain,  any  injury  to  which 
causes  disturbance  of  intelligence,  is  supplied  by  the  anterior  cerebral;  while  those  regions, 
where  injury  is  followed  by  hemi-aufesthesia,  are  supplied  by  the  posterior  cerebral.  It  is  stated 
that  anremia  of  isolated  parts  of  this  area  of  the  braiu  is  associated  with  melancholia  in  man. 

Conduction  to  and  from  cerebrum — Voluntary  motor  fibres. — The  course 
of  the  fibres  which  convey  impulses  for  voluntary  motion — the  pyramidal  tracts 
— proceeds  from  the  motor  regions  of  the  cerebrum  (§§  375,  378,  I.),  passing 
into  and  through  the  white  matter  of  the  cerebrum  through  the  corona  radiata, 
and  converges  to  the  internal  capsule,  which  lies  between  the  nucleus 
caudatus  and  opticus  thalamus  internally  and  the  lenticular  nucleus  externally 
(fig.  500).  [The  motor  fibres  for  the  face  and  tongue  occupy  the  knee  of  the 
capsule  (F),  those  for  the  arm  the  anterior  third  of  the  posterior  segment  or  limb 
(A),  and  those  for  the  leg  the  middle  third  (L).  They  pass  beneath  the  optic 
thalamus,  enter  the  crusta  of  the  cerebral  peduncle,  and  occupy  its  middle  third,  or 
two-fifths,  extending  almost  to  the  substantia  nigra,  the  fibres  for  the  face  being 
next  the  middle  line,  and  those  for  the  leg  most  external,  the  fibres  for  the  arm 
lying  between  the  two.  They  pass  into  the  pons  on  the  same  side,  where  the  fibres 
for  the  face  (and  tongue)  cross  to  the  opposite  side,  to  become  connected  with  the 
nuclei  from  which  the  facial  and  hypoglossal  nerves  arise.  The  fibres  for  the  arm, 
and  leg  (and  trunk)  continue  their  course  to  the  medulla  oblongata,  where  they 
form  the  anterior  pyramids.  In  the  pons,  the  pyramidal  tracts  are  broken  up  into 
bundles  lying  between  its  superficial  and  deep  transverse  fibres,  and  surrounded  by 
grey  matter  (fig.  503);  but  they  have  no  connection  with  the  grey  matter  of  the  pons. 
By  far  the  greater  proportion  of  the  fibres  cross  at  the  decussation  of  the  pyramids 
to  form  the  crossed  pyramidal  tracts,  or  lateral  pyramidal  tracts,  of  the  lateral 
column  of  the  opposite  side.  The  small  uncrossed  portion  is  continued  as  the 
direct  pyramidal  tract  on  the  same  side.  The  latter  fibres,  perhaps,  supply 
those  muscles  of  the  trunk  {e.g.,  respiratory,  abdominal,  and  perineal),  which  always 
act  together  on  both  sides.  According  to  other  observers,  however,  they  cross  to 
the  other  side  of  the  cord  through  the  anterioc  white  commissure,  and  descend  in 
the  crossed  pyramidal  tract  or  pyramidal  tract  of  the  lateral  column.  The  fibres  of 
the  pyramidal  tracts  split  up  into  fine  fibrils,  which  form  connections  with  the 
fibrils  produced  by  the  subdivision  of  the  processes  of  the  multipolar  nerve-cells. 
Thus,  fibres  form  connections  with  the  multipolar  ganglionic  cells  of  the  anterior 
cornu  of  the  grey  matter  of  the  spinal  cord  at  successively  lower  levels,  and  from 
each  multipolar  cell  is  directed  peripherally  a  single  unbranched  pi'ocess,  which 
ultimately  becomes  a  nerve-fibre.  The  pyramidal  tracts  thus  end  in  the  multipolar 
nerve-cells  of  the  grey  matter  of  the  spinal  cord,  from  which  the  anterior  roots  of 
the  spinal  nerves  arise. 

[The  course  of  the  pyramidal  tracts  and  the  decussation  of  these  fibres  in  the 
medulla  oblongata,  explain  why  a  haemorrhage  involving  the  cerebral  motor  centres, 
or  affecting  these  fibres  in  any  part  of  their  course  above  the  decussation,  results  in 
paralysis  of  the  muscles  supplied  by  the  fibres  so  involved  on  the  opposite  side  of 
the  body.  In  their  passage  through  the  brain,  the  paths  for  direct  motor  impulses 
are  not  interrupted  anywhere  in  their  course  by  ganglion  cells,  not  even  in  the 
corpus  striatum  or  pons.    They  pass  in  a  direct  uninterrupted  line,  until  each  fibre 
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becomes  connected  with  a  multipolar  nerve-cell  in  the  anterior  horn  of  the  grev 
matter  of  the  spmal  cord,  so  that  they  have  the  longest  course  of  any  fibres  in  the 
central  nervous  system.] 

Variation  in  Decussation. -There  arc  variations  as  to  tlie  number  of  fibres  which  cross  at 
the  pyraniuls  [IHecImxj).  In  .some  cases  the  usual  arraugcmont  is  reversed,  and  in  some  rare 
instances  there  is  no  decussation,  so  that  the  pyramidal  tracts  from  the  brain  remain  on  the 
same  side.  In  this  way  wo  may  explain  the  very  rare  cases  where  paralysis  of  the  voluntarv 
movements  takes  place  on  the  same  side  as  the  lesion  of  the  cerebrum  {Morgagni,  Ficrret) 
This  is  direct  paralysis.    [Usually  about  90  per  cent,  of  the  fibres  decussate.] 

The  motor  cranial  nerves  have  the  centres  through  which  they  are  excited 
voluntarily  in  the  cortex  cerebri  (§  378).  The  paths  for  such  voluntary  impulses 
also  pass  through  the  internal  capsule  and  the  crusta  of  the  cerebral  peduncle 
[In  the  internal  capsule,  the  fibres  for  the  face  (and  tongue)  lie  in  the  knee,  while 
they  occupy  the  part  of  the  middle  of  the  crusta  next  the  middle  line.  '  Their 
course  is  then  directed  across  the  middle  line  to  their  respective  nuclei,  from  which 
fibres  proceed  to  the  muscles  supplied  by  these  nuclei.]  The  exact  course  of  many 
of  the  fibres  is  still  unknown.  The  hypoglossal  nerve  runs  with  the  pyramidal 
tracts,  and  behaves  like  the  anterior  root  of  a  spinal  nerve  (§§  354,  357). 

[Sensory  Paths. — Our  knowledge  is  by  no  means  precise.  Sensory  impulses, 
passing  into  the  cord,  enter  it  by  the  posterior  nerve-roots,  and  may  pass  to  the 
cerebrurn  or  cerebellum.  If  to  the  cerebellum,  the  course,  probably,  is  partly 
to  the  direct  cerebellar  tract  and  posterior  column  to  the  restiform  body,  thence  to 
the  cerebellum.  If  to  the  cerebrum,  they  cross  the  middle  line  in  the  cord  not 
far  above  where  they  enter  and  pass  to  the  lateral  column,  in  front  of  the  pyramidal 
tract.  Some  enter  the  posterior  column,  and  others  ascend  in  the  grey  matter  to 
pass  upwards.  As  the  two  subdivisions  of  the  posterior  column  terminate  above 
in  the  nuclei  of  the  funiculus  gracilis  and  funiculus  cuneatus,  and  this  column 
contains  fibres  from  the  posterior  root,  it  is  suggested  that  above  the  clava  and 
cuneate  nucleus  the  fibres  cross  in  the  superior  pyramidal  decussation  to  reach  the 
pons  and  tegmentum.  In  the  medulla,  it  is  probable  that  those  fibres  which  do  not 
decussate  there  do  so  in  the  pons,  the  impulses  perhaps  travelling  upwards  in  the 
formatio  reticularis,  thence,  into  the  posterior  half  of  the  pons,  into  the  tegmentum 
of  the  crus  under  the  corpora  quadrigemina,  to  enter  the  posterior  third  of  the 
posterior  limb  of  the  internal  capsule  (fig.  500,  S).  But,  of  course,  the  sensory 
fibres  from  the  face  have  to  be  connected  with  the  sensory  centres  in  the  cerebrum, 
so  that  the  sensory  paths  from  the  cord,  i.e.,  from  the  trunk  and  limbs,  are  joined 
by  those  from  the  face  in  the  pons,  and  they  also  occupy  part  of  the  posterior  third 
of  the  posterior  segment  of  the  internal  capsule,  so  that  this  important  part  of  the 
internal  capsule  conducts  sensory  impulses  from  the  opposite  half  of  the  body. 
Some  of  the  fibres  pass  into  the  optic  thalamus,  and  others  enter  the  white  matter 
of  the  cerebrum,  but  their  exact  course  is  very  uncertain.  The  sensory  fibres 
derived  from  the  organs  of  special  sense,  e.g.,  the  ear,  go  to  the  superior  temporo- 
sphenoidal  convolution,  but  whether  directly  or  indirectly  we  do  not  know ;  perhaps 
some  of  those  for  vision  traverse  the  optic  thalamus.  Some  of  the  afferent  fibres 
perhaps  go  to  the  occipital  region,  and  Gowers  asserts  that  some  of  them  go  to  the 
parietal  and  central  regions,  i.e.,  to  the  "motor"  regions,  for  he  holds  "that  disease 
of  the  motor  cortex  often  causes  impairment  of  the  tactile  sensibility."] 

[Charcot  has  called  the  posterior  third  of  the  posterior  segment  of  the  internal 
capsule,  lying  between  the  posterior  part  of  the  lenticular  nucleus  and  the  optic 
thalamus,  the  "  carefour  sensitiv "  or  "  sensory  crossway "  (fig.  500,  S).  If  it 
be  divided  there  is  hemi-aneesthesia  of  the  opposite  side.] 

Sensory  Decussation  in  Cord. — As  the  greater  part  of  the  sensory  fibres 
from  the  skin  decussate  in  the  spinal  cord,  and  thus  pass  to  the  opposite  side  of  the 
cord  (fig.  463),  unilateral  section  of  the  spinal  cord  in  man  (and  monkey — Feriier) 
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abolishes  sensibility  on  the  opposite  side  below  the  lesion.  There  is  hypertesthesia 
of  the  parts  below  the  seat  of  the  section  on  the  side  of  the  injury  (§  363).  From 
experiments  on  mammals,  Brown-Sequard  concludes  that  the  decussating  sensory 
nerve-fibres  pass  to  the  opposite  side  within  the  cord 
at  different  levels,  the  lowest  being  the  fibres  for 
touch,  then  those  for  tickling  and  pain,  and,  highest 
of  all,  those  which  administer  to  sensations  of  tem- 
perature. 

All  the  fibres,  therefore,  which  connect  the  spinal 
cord  with  the  grey  matter  of  the  brain,  undergo  a 
complete  decussation  in  their  course.  Hence,  in  man 
a  destructive  affection  of  one  hemisphere  usually  causes 
complete  motor  paralysis  and  loss  of  sensibility  on  the 
opposite  side  of  the  body.  The  fibres  proceeding  from 
the  nuclei  of  origin  of  the  cranial  nerves  also  cross 
within  the  cranium. 

Not  unfrecpently  the  motor  paralysis  and  antEsthesia  occur 
on  the  same  side  of  the  head,  in  which  case  the  lesion  (due  to 
pressure  or  inflammation)  involves  the  cranial  nerves  lying  at 
the  base  of  the  brain. 

The  positions  of  decussation  are  (1)  in  the  spinal  cord,  (2) 
in  the  medulla  oblongata,  and  lastly  (3)  in  the  pons.  The 
decussation  is  complete  in  the  peduncle. 

Alternate  Paralysis. — Gubler  observed  that  unilateral  in- 
jury to  the  pons  caused  paralysis  of  the  facial  nerve  on  the 
same  side,  but  paralysis  of  the  opposite  half  of  the  body.  He 
concluded  that  the  nerves  of  the  trunk  decussate  before  they 
reach  the  pons,  while  the  facial  fibres  decussate  within  the 
pons.  To  these  rare  cases  the  name  ' '  alternate  liemiplegia  " 
is  given.  [When  haemorrhage  takes  place  into  the  lower  part 
of  the  lateral  half  of  the  pons,  there  may  be  alternate  para- 
lysis, but  when  the  iipper  part  of  the  lateral  half  is  injured, 
the  facial  is  paralysed  on  the  same  side  as  the  body,  §  379.] 

The  olfactory  nerve  is  said  not  to  decussate  (?),  while  the 
optic  nerve  undergoes  a  partial  decussation  at  the  chiasma 
(§  344).  Some  observers  assert  that  the  fibres  of  the  troch- 
learis  decussate  at  their  origin. 

366.  THE  MEDULLA  OBLONGATA.— [Structure.— In 
the  medulla  oblongata,  the  fibres  from  the  cord  are  rearranged, 
the  grey  matter  is  also  much  changed,  while  new  grey  matter 
is  added.  Each  half  of  the  medulla  oblongata  consists  of  the 
following  parts,  from  before  backwards  : — The  anterior  pyra- 
mid, olivary  body,  restiform  body,  and  posterior  pyramid, 
or  funiculus  gracilis  (figs.  464,  465,  466).  By  the  divergence 
of  the  posterior  pyramids  and  the  restiform  bodies,  the  floor 
of  the  4th  ventricle  is  exposed.  As  the  central  canal  of  the 
cord  gradually  comes  nearer  to  the  posterior  surface  of  the 
medulla,  it  opens  into  the  4th  ventricle.  At  the  lower  end 
of  the  medulla  oblongata, 


Fig.  463. 

Diagram  of  a  spinal  segment  as 
a  spinal  centre  and  conduct- 
ing medium.  B,  right,  B  , 
left  cerebral  hemisphere  ;  MO, 
lower  end  of  medulla  oblon- 
gata ;  1,  motor  tract  from  the 
right  hemisphere,  the  larger 
part  decussating  at  MO,  and 
passing  down  the  lateral  column 
of  the  cord  on  the  opposite  side 
to  the  muscles  M  and  M' ;  2, 
motor  tract  from  the  left  hemi- 
sphere ;  S,  S',  sensitive  areas 
on  the  left  side  of  the  body  ; 
3',  3,  the  main  sensory  tract 
from  the  left  side  of  the  body 
— it  decussates  shortly  after 
entering  the  cord  ;  S-,  S^,  sen- 
sitive areas,  and  4',  4,  tracts 
from  the  right  side  of  the  body. 
The  arrows  indicate  the  direc- 
tion of  the  impulses  (^rajnwcZZ). 
[Here  all  the  sensory  .^hres  ai'e 
shown  as  crossing  in  the  cord.] 


,  on  separating  the  anterior  pyra- 
mids, we  may  see  the  decussation  of  the  pyramids,  where  the  fibres  cross  over  to  the  lateral 
columns  of  the  cord.  The  anterior  pyramid  receives  the  direct  pyramidal  tract  of  the  anterior 
column  of  the  cord  from  its  own  side,  and  the  crossed  pyramidal  tract  from  the  lateral  column 
ot  the  cord  of  the  opposite  side  (fig.  464).  The  decussating  fibres  (crossed  pyramidal  tract)  of 
tHe  lateral  column  pass  across  in  bundles  to  form  the  decussation  of  the  pyramids.  Most  of  the 
pyramidal  fibres  pass  through  the  pons  directly  to  the  cerebrum,  a  few  fibres  pass  to  the  cere- 
or  fillTt  ^  ^^^^^  proceeding  from  the  oKvary  body  to  form  the  olivary  fasciculus 

[Thus,  only  a  part  of  the  anterior  column  of  the  cord— direct  pyramidal  tract— is  continued 
into  the  anterior  pyramid,  where  it  lies  external  to  the  fibres  which  pass  to  the  lateral  column 
of  the  opposite  side  The  remainder  of  the  anterior  column— the  antero-external  fibres-are 
continued  upwards,  but  lie  deeper  under  cover  of  the  anterior-pyramid,  where  they  serve  to  form 
part  ol  the  formatio  reticularis  (p.  658).]  . 
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[Of  tlie  libres  of  tho  lateral  column  of  the  cord,  some,  the  direct  ccrchcllar  tract,  pass  back- 
wards to  join  the  rostifonn  body  and  go  to  the  eercbelluin.  These  fibres  lie  as  a  thin  layer  on 
tho  surface  of  tho  restiform  body.  The  crossed  j)yramidal  fibres  cross  obli([uely,  at  the  lower 
end  of  the  medulla,  to  the  anterior  pyramid  of  the  opposite  side,  and  in  their  course  they 
traverse  tho  grey  matter  of  the  anterior  cornu  (fig.  464,  py).  These  fibres  form  the  larger  and 
mesial  portion  of  the  anterior  pyramid.  The  remaining  fibres  of  the  lateral  columns  are  con- 
tinued upwards,  and  pass  beneath  the  olivary  body,  whore  they  are  concealed  by  this  structure 
and  also  by  the  arcuate  fibres,  but  they  appear  in  the  floor  of  the  medulla  oblongata  and  are 
here  known  as  ihot  fasciculus  teres,  which  goes  to  the  cerebrum.  As  they  pass  upwards,  they 
help  to  form  tho  lateral  part  of  the  formatio  reticularis.] 

[Tho  posterior  pyramid  of  the  oblongata  is  merely  the  upward  continuation  of  the  postero- 
median column,  or  funiculus  gracilis  of  the  cord.    As  it  passes  upwards  at  the  medulla  it  broadens 


Fig.  464 

Section  of  the  decussation  of  the  pyramids,  fla,  anterior  median  fissure,  displaced  laterally  by 
the  fibres  decussating  at  ;  V,  anterior  column  ;  Oa,  anterior  coimi,  with  its  nerve-ceils 
a,  b;  cc,  central  canal ;  S,  lateral  column ;  fr,  formatio  reticularis  ;  cc,  neck,  and  g,  head 
of  the  posterior  cornu  ;  rpOI,  posterior  root  of  the  1st  cervical  nerve  ;  nc  first  indication 
of  the  nucleus  of  the  funiculus  cuneatus  ;  ng,  nucleus  (clava)  of  the  funiculus  gracilis  ;  M  , 
funiculus  gracilis  ;  fi^,  funiculus  cuneatus  ;  sip,  posterior  median  fissure ;  x,  groups  ol 
ganglionic  cells  in  the  base  of  the  posterior  cornu.  x  6. 
out,  forming  the  clava,  which  tapers  away  above.  The  clava  contains  a  mass  of  grey  matter— 
the  clavate  nucleus.]  .      „ ^         ,       ,  i„„„ 

[The  restiform  body  consists  chiefly  of  the  upward  continuation  of  the  postero-external  column 
or  funiculus  cuneatus  of  the  cord.    It  contains  a  mass  of  gi-ey  matter,  called  the  cuneate  or 
triangular  nucleus.    Above  the  level  of  the  clava,  the  funiculus  cuneatus  forms  part  ot  the 
lateral  boundary  of  the  4th  ventricle.    Immediately  outside  this,  i.e.  between  it        the  con- 
tinuation of  the  posterior  nerve-roots,  is  a  longitudinal  prominence,  which  S^hwalbe  has  called 
the  funiculuB  of  Eolando.    It  is  formed  by  the  head  of  the  posterior  cornu  of  grey  matter 
coming  nearer  the  surface.    It  also  forms  part  of  the  restiform  body.    Some  ™te  fi^^^^^^^^^ 
from  the  anterior  median  fissure,  turn  transversely  outwards  over  the  '^'^tF^o'',  P>'^^^^^^^^ 
olivary  body,  and  pass  along  with  the  funiculus  cuneatus  the  funiculus  of 
direct  cerebellar  fibres,  to  euter  the  corresponding  lateral  lobe  of  the  cerebellum,  all  these 
SnTctures  forming  its  inferior  peduncle.    Some  observers  suggest  that  the  funiculus  cuneatus 
and  funiculus  of  Rolando  do  not  pass  into  the  cerebellum.]  ,  •  ,  j  ^^t-^r,A 

rThe  olivary  body  forms  a  well-marked  oval  or  olive-shaped  body,  which  does  not  extend 
th  wLlcTngth  of  «ie  medulla  (fig.  466  o).  Above,  it  is  >--Ytbriteri^rnv  amid^^^^^^^^^ 
from  which  the  6th  nerve  emerges.    In  the  groove  between  it  and  the  antenor  pyramid  arise 
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the  strands  of  the  hypoglossal  nerve,  wliile  in  a  corresponding  groove  along  its  outer  surface  is 
the  Hue  of  exit  of  the  vagus,  glosso-pharyngeal,  and  spinal  accessory  nerves.  It  is  covered  on 
its  surface  by  longitudinal  and  arcuate  fibres,  while  in  its  interior  [it  contains  the  aentate 

nucleus.  1  •  j.  j.  u 

[The  functions  of  the  olivary  bodies  are  quite  unknown,  but  it  is  important  to  remember 
that  they  are  connected  by  tibres  with  the  dentate  nuclei  of  the  cerebellum.  Fibres  pass  into 
the  olivary  body  from  the  posterior  column  of  the  cord  of  tlie  opposite  side,  and  it  is  also  con- 
nected with  the  dentate  body  of  the  opposite  side,  while,  as  we  know,  the  dentate  body  is 
counected  with  the  tegmentum,  so  that  through  the  left  dentate  body  of  the  opposite  side,  the 
teo-mentum  of,  say,  the  right  cms,  is  connected  with  the  right  olivary  body  (Goivers).] 
tDecussation  of  the  pyramids  is  the  term  given  to  those  fibres  which  cross  obliquely  in 
i^eral  bundles,  at  the  lower  part  of  the  medulla,  from  the  anterior  pyramid  of  the  medulla 


sever 


dp.    ^'  M-  n.c 


n  c. 


Fig.  466. 


Fig.  465. — Section  of  the  medulla  oblongata  at  the  so-called  upper  decussation  of  the  pyramids. 
fla,  anterior,  sip,  posterior  median  fissure';  nXI,  nucleus  of  the  accessorius  vagi ;  nXII, 
nucleus  of  the  hypoglossal ;  da,  the  so-called  superior  or  anterior  decussation  of  the  pyra- 
mids ;  py,  anterior  pyramid;  n.ar,  nucleus  arciformis  ;  0^,  median  parolivary  body  ;  0, 
beginning  of  the  nucleus  of  the  olivary  body  ;  nl,  nucleus  of  the  lateral  column  ;  Ft; 
formatio  reticularis  ;  g,  substantia  gelatinosa,  with  {aV)  the  ascending  root  of  the  trige- 
minus ;  TIC,  nucleus  of  the  funiculus  cuneatus  ;  nc^,  external  nucleus  of  the  funiculus 
cuneatus;  ncj,  nucleus  of  the  funiculus  gracilis  (or  clava)  ;  ZP,  funiculus  gracilis;  IT-, 
funiculus  cuneatus  ;  cc,  central  canal ;  fa,  fa^,  fa",  external  arciform  fibres  x  4.  Fig.  466. — 
Section  of  the  medulla  oblonga,ta  through  the  olivary  body.  nXII,  nucleus  of  the  hypo- 
glossal ;  nX,  ?iX\  more  or  less  cellular  parts  of  the  nucleus  of  the  vagus  ;  XII,  hypoglossal 
nerve;  X,  vagus;  n.am,  nucleus  ambiguus  ;  nl,  nucleus  lateralis;  0,  olivary  nucleus; 
oal,  external,  and  oam,  internal  parolivary  body  ;  fs,  the  round  bundle,  or  funiculus  soli- 
tarius  ;  Gr,  restiform  body  ;  p,  anterior  pyramid,  surrounded  by  arciform  fibres  ;  fac,  pol, 
fibres  proceeding  from  the  olive  to  the  raphe  (pedunculus  oUvje)  ;  r,  raphe.     x  4. 

into  the  lateral  column  of  the  cord  of  the  opposite  side  (fig.  464,  cl)  to  form  its  lateral  pyramid 
tracts,  or  crossed  pyramidal  tracts.  The  number  of  fibres  which  decussate  varies,  and  in  some 
cases  all  the  fibres  may  cross.] 

[The  grey  matter  of  the  medulla  is  largely  a  continuation  of  that  of  the  cord,  although  it  is 
arranged  differently.  As  the  fibres  from  the  lateral  column  of  the  cord  pass  over  to  form  pait 
of  the  anterior  pyramid  of  the  medulla  on  the  opposite  side,  they  traverse  the  grey  matter,  and 
thus  cut  ofi  the  tip  of  the  anterior  cornu,  which  is  also  pushed  "backwards  by  the  olivary  body 
and  exists  as  a  distinct  mass,  the  nucleus  lateralis  (fig.  46.5,  nl).  Part  of  the  anterior  c^rev 
matter  also  appears  in  the  floor  of  the  4th  ventricle  as  the  eminence  of  the  fasciculus  teres, "^md 
from  part  of  it  springs  the  hypoglossal  nerve  (fig.  466,  XII).  Tlie  neck  joining  the  modified 
anterior  and  posterior  cornua  is  much  broken  up  by  the  passage  of  longitudinal  and  transverse 
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libfcs  through  it,  so  that  it  fornis  a  ibrmatio  rcticuhuis,  soijaratiiif?  the  two  comua  (lig.  465,  //  ). 
Thu  caput  coniu  posterioi-ia  comus  to  bu  uovci'od  higher  up  by  the  ascending  root  of  the  5th 
nerve  (tig.  465,  aV),  and  arcuate  librea  passing  to  the  restilorm  body.  The  posterior  cornu  is 
also  broken  up  and  is  thrown  outwards,  its  caput  giving  rise  to  jjart  of  the  elevation  seen  ou  the 
surface  and  described  as  the  funiculus  of  Rolando,  while  part  of  the  base  now  greatly  enlarged 
forms  the  grey  nuitter  iu  the  funiculus  gracilis  [clavato  nucleus]  (lig.  464,  ng)  and  funiculus 
cuneatus  [cuneate  or  triangular  nucleus]  (lig.  464,  nc).  Nearer  the  middle  line,  the  grey  matter 
of  the  posterior  grey  cornu  appears  in  the  lloor  of  the  4th  ventricle,  above  the  point  where  the 
central  canal  opens  into  it,  as  the  nuclei  of  the  spinal  accessory,  vagus,  and  glosso-pharyngeal 
nerves.  ] 

[In  the  floor  of  the  4th  ventricle  near  the  raphe,  and  quite  superficial,  is  a  longitudinal  mass 
of  large  multipolar  nerve-cells,  derived  from  the  base  of  the  anterior  cornu  from  which  spring 
the  several  bundles  forming  the  hypoglossal  nerve  ;  it  is  the  hypoglossal  nucleus  (lig.  466,  nXJJj, 
the  nerve-fibres  passing  obliquely  outwards  to  appear  between  the  anterior  pyramid  and  the 
olivary  body.    Internal  to  it,  and  next  the  median  groove,  is  a  small  mass  of  cells  continuous 
with  those  in  the  raphe,  and  called  the  nucleus  of  the  funiculus  teres  (fig.  466,  'iit).  Around 
the  central  canal  at  the  lower  part  of  the  medulla  is  a  group  of  cells  (tig.  466,  nXl),  which 
becomes  displaced  laterally  as  it  comes  nearer  the  surface  in  the  floor  of  the  medulla  oblongata, 
where  it  lies  outside  the  hypoglossal  nucleus,  and  corresponds  to  the  prominence  of  the  ala 
ciuerea  (fig.  466,  nX) ;  and  from  it  and  its  continuation  upwards  arise  from  below  upwards  part 
of  the  spinal  accessory  (11th),  and  the  vagus  (10th,  corresponding  to  the  position  of  the 
eminentia  ciuerea — fig.  466,  X),  so  that  this  column  of  cells  forms  the  vago-acceBBoriuB 
nucleus.    E.xternal  to  and  in  front  of  this  is  the  nucleus  for  the  glosso-pharyngeal  nerve. 
Further  up  in  the  medulla,  on  a  level  with  the  auditory  striae  and  outside  the  previous  column, 
is  a  tract  of  cells  from  which  the  auditory  nerve  (8th)  in  great  part  arises  ;  it  is  the  principal 
auditory  nucleus,  and  lies  just  under  the  commencement  of  the  inferior  cerebellar  peduncle 
(fig.  427,  8',  8",  8"').  It  consists  of  an  outer  and  inner  nucleus,  which  extend  to  the  middle  line. 
It  forms  connections  with  the  cerebellum,  and  some  fibres  are  said  to  enter  the  inferior  cerebellar 
peduncle.    This  is  an  important  relationship,  as  we  know  that  the  vestibular  branch  of  the 
auditory  nerve  comes  partly  from  the  semicircular  canals,  so  that  in  this  way  these  organs  may 
be  connected  with  the  cerebellum.] 

[Superadded  Grey  Matter. — There  is  a  superadded  mass  of  grey  matter  not  represented  iu 
the  cord,  that  of  the  olivary  body,  enclosing  a  nucleus,  the  corpus  dentatum,  with  its  wa\'j' 
strip  of  grey  matter  containing  many  small  multipolar  nerve-cells  embedded  iu  neuroglia.  The 
grey  matter  is  covered  on  the  surface  by  longitudinal  and  transverse  fibres.  It  is  open  towards 
the  middle  line  (hilum),  and  into  it  run  white  fibres  forming  its  pedwiclc  (fig.  466,  i),  0,  I). 
These  fibres  diverge  like  a  fan,  some  of  them  ending  in  connection  with  the  small  multipolar 
cells  of  the  dentate  body,  while  others  traverse  the  lamina  of  grey  matter  and  pass  backwards 
to  appear  as  arcuate  fibres  which  join  the  restiform  body  ;  others,  again,  pass  directly  through 
to  the  surface  of  the  olivary  body,  which  they  help  to  cover  as  the  superficial  arcuate  fibres. 
The  accessory  olivary  nuclei  (fig.  465,  0',  0")  are  two  small  masses  of  grey  matter  similar  to  the 
last,  and  looking  as  if  they  were  detached  from  it,  one  lying  above  and  external,  sometimes 
called  the  parolivary  body,  and  the  other  slightly  below  and  internal  to  the  olivary  nucleus, 
the  latter  being  separated  from  the  dentate  body  by  the  roots  of  the  hypoglossal  nerve.  The 
latter  is  sometimes  called  the  internal  parolivary  body,  or  nucleus  of  the  pyramid.] 

[The  formatio  reticularis  occupies  the  greater  part  of  the  central  and  lateral  parts  of  the 
medulla,  and  is  produced  by  the  intercrossing  of  bundles  of  fibres  running  longitudinally  and 
more  or  less  transversely  in  the  medulla  (fig.  465,  fr).  In  the  more  lateral  portions  are  large 
multipolar  nerve-cells,  perhaps  continued  upwards  from  part  of  the  anterior  cornu,  while  the 
part  next  the  raphe  has  no  such  cells.  The  longitudinal  fibres  consist  of  the  upward  prolonga- 
tion of  the  antero-external  columns  of  the  cord,  while  some  seem  to  arise  from  the  clavate  nuclei 
and  olives  as  arcuate  fibres  passing  upwards.  In  the  lateral  portions,  the  longitudinal  fibres 
are  the  direct  continuation  upwards  of  Flechsig's  antero-lateral  mixed  tracts  of  the  lateral 
columns  (p.  633).  The  horizontal  fibres  are  formed  by  arcuate  fibres,  some  of  which  run  more 
or  less  transversely  outwards  from  the  raphe.  The  superficial  arcuate  fibres  (fig.  466,  /,  o,  c) 
appear  in  the  anterior  median  fissure,  and  perhaps  come  through  the  raphe  from  the  opposite 
side  of  the  medulla,  curve  round  the  anterior  pyramids,  form  a  kind  of  capsule  for  the  olives, 
and  join  the  restiform  body  (p.  656),  but  they  are  reinforced  by  some  of  the  deep  arcuate  fibres 
which  traverse  the  olivary  body  (p.  656).  The  dee2)  arcuate  fibres  run  from  the  clavate  and 
triangular  nuclei  horizontally  inwards  to  the  raphe,  and  cross  to  the  other  side  ;  others  pass 
from  the  raphe  to  the  olivary  body,  and  through  it  to  the  restiform  body.  In  the  raphe, 
which  contains  nerve-cells,  some  fibres  run  transversely,  others  longitudinally,  and  others  from 
before  backwards.]  _  .  ^       /c  ,o-\ 

[Other  Nerve  Nuclei— Sixth  Nerve. —Under  the  elevation  called  eminentia  teres  (tig.  4^0 
in  front  of  the  auditory  strite,  close  to  the  middle  line,  is  a  tract  of  large  multipolar  nerve-celb. 
It  was  once  thought  to  be  the  common  nucleus  of  the  6th  and  7th  facial  nerves,  but  Cowers 
has  shown  that  "  the  facial  a.scends  to  this  nucleus,  forms  a  loop  round  it  (some  fibres  indeed 
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cro  through  it),  and  then  passes  downwards,  forwards,  and  outwards,  to  _a  coluniii  of  cells  more 
deeply  Xed  n  the  medulla  than  any  other  nucleus  in  the  lower  part."  But  the  7th  has  no 
real  oriS  from  this  nucleus.  Facial  Nerve.-The  nucleus  lies  deep  n  the  format.o  reticularis 
of  thT nous  under  the  floor  of  the  4th  ventricle,  but  outside  the  position  ot  the  nucleus  of  the 
fifh  (ficr  407  7)  It  extends  downwards  about  as  far  as  the  auditory  striK,  or  a  little  lower. 
The  fitth  nerve  arises  from  its  motor  nucleus  (with  large  multipolar  cells),  which  lies  more 
sunerticially  above  and  external  to  the  6th  (fig.  427,  5).  The  fibres  run  backwards,  where  they 
are  ioined  bv  hbres  from  the  upper  sensory  nucleus,  but  another  sensory  nucleus  extends  down 
nearly  to  the  lower  end  of  the  medulla  (5").  Doubtless  this  extensive  origin  brings  this  nerve 
into  intimate  relation  with  the  other  cranial  nerves,  and  accounts  for  the  numerous  reflex  acts 
which  can  be  discharged  through  the  fifth  nerve.  Some  sensory  fibres  are  said  to  pass  up 
beneath  the  corpora  quadrigemina  {Oowers).  The  fourth  nerve  arises  from  the  valve  of 
Vieussens,  i.e.,  the  lamina  of  white  and  grey  matter  which  stretches  between  the  superior 
cerebellar  peduncles.  It  arises,  therefore,  behind  the  4th  ventricle,  hut  some  of  the  fibres  spring 
from  nerve-cells  at  the  lower  part  of  the  nucleus  of  the  3rd  nerve.  Some  fibres  also  descend  in 
the  pons  to  form  a  connectiou  with  the  nucleus  of  the  6th  nerve.  The  fibres  decussate  behind 
the  aqueduct,  so  that  in  it  alone,  of  all  the  cranial  nerves,  decussation  occurs  between  its 
nucleus  and  its  superficial  origin  {Gowers).  The  third  nerve  arises  from  a  tract  of  cells  beneath 
the  aqueduct  and  near  the  middle  line,  and  the  fibres  descend  through  the  tegmentum  to  appear 
at  the  inner  side  of  the  crus  cerebri.  Gowers  points  out  that,  in  reality,  there  are  three  distinct 
functional  centres,  (1)  for  accommodation  (ciliary  muscle),  (2)  for  the  light  reflex  of  the  iris, 
and  (3)  most  of  the  external  muscles  of  the  eyeball  It  is  important  to  notice  the  connection 
between  the  nuclei  of  the  3rd,  4th,  and  6th  nerves,  in  relation  to  the  innervation  of  the  ocular 
muscles.  ] 

Functions. — The  medulla  oblongata,  which  connects  the  spinal  cord  with  the 
brain,  has  many  points  of  resemblance  with  the  former.  [Like  the  cord  it  is 
concerned  (1)  in  the  conduction  of  impulses.]  (2)  In  it,  numerous  reflex 
centres  are  present,  e.g.,  for  simple  reflexes  similar  to  the  nerve-centres  in  the  spinal 
cord,  e.g.,  closure  of  the  eyelids,  [so  that  they  subserve  the  transference  of  afferent 
into  efferent  impulses].  There  are  other  centres  present  which  seem  to  dominate 
or  control  similar  centres  placed  in  the  cord,  e.g.,  the  great  vaso-motor  centre,  the 
sweat-secreting,  pupil-dilating  centres,  and  the  centre  for  combining  the  reflex  move- 
ments of  the  body.  Some  of  the  centres  are  capable  of  being  excited  reflexly 
(§  3.58,  2).  (3)  It  is  also  said  to  contain  automatic  centres  (§  3.58,  3).  The 
normal  functions  of  the  centres  depend  upon  the  exchanges  of  blood-gases,  effected 
by  the  circulation  of  the  blood  through  the  medulla.  If  this  gaseous  exchange  be 
interrupted  or  interfered  with,  as  by  asphyxia,  sudden  anaemia,  or  venous  congestion, 
these  centres  are  first  excited,  and  exhibit  a  condition  of  increased  excitability,  and 
at  last,  if  they  are  over-stimulated,  they  are  paralysed.  An  excessive  temperature 
also  acts  as  a  stimulus.  All  the  centres,  however,  are  not  active  at  the  same  time, 
and  they  do  not  all  exhibit  the  same  degree  of  excitability.  Normally,  the 
respiratory  centre  and  the  vaso-motor  centre  are  continually  in  a  state  of  rhythmical 
activity.  In  some  animals,  the  inhibitory  centre  of  the  heart  remains  continually 
non-excited ;  in  others,  it  is  stimulated  very  slightly  under  normal  conditions, 
simultaneously  with  the  stimulation  of  the  respiratory  centre,  and  only  during 
inspiration.  The  spasm  centre  is  not  stimulated  under  normal  conditions ;  and 
during  intra-uterine  life,  the  respiratory  centre  remains  quiescent.  The  medulla 
oblongata,  therefore,  contains  a  collocation  of  nerve-centres  which  are  essential  for 
the  maintenance  of  life,  as  well  as  various  conducting  paths  of  the  utmost 
importance.    We  shall  treat  of  the  reflex,  and  afterwards  of  the  automatic  centres. 

367.  REFLEX  CENTRES   OF  THE  MEDULLA  OBLONGATA.— The 

medulla  oblongata  contains  a  number  of  reflex  centres,  which  minister  to  the 
discharge  of  a  large  number  of  co-ordinated  movements. 

1.  Centre  for  closure  of  the  eyelids.  The  sensory  branches  of  the  5th  cranial 
nerve  to  the  cornea,  conjunctiva,  and  the  skin  in  the  region  of  the  eye,  are  the 
afferent  nerves.  They  conduct  impulses  to  the  medulla  oblongata,  where  they 
are  transferred  to,  and  excite  part  of,  the  centre  of  the  facial  nerve,  whence,  through 
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branches  of  the  facial,  the  efferent  impulses  are  conveyed  to  the  orbicularis 
palpebrarum.  The  centre  extends  from  about  the  middle  of  the  ala  cinerea 
upwards  to  the  posterior  margin  of  the  pons  {Nickeli). 

The  reflex  closure  of  the  eyelids  always  occurs  on  loth  sides,  but  closure  may  be  i)roduced  volun- 
tarily on  one  side  (winking).  When  the  stimulation  is  strung,  the  corrugator  and  other  groups  of 
muscles  which  raise  the  cheek  and  nose  towards  the  eye  may  also  contract,  and  so  I'onii  a  more 
perfect  protection  and  closure  of  the  eye.  Intense  stimulation  of  the  retina  causes  closure  of  the 
eyelids  [and  in  this  case  the  shortest  reflex  known,  the  latent  period,  is  0'05  second  ( IVallcr)]. 

2.  Sneezing  centre. — The  afferent  channels  are  the  internal  nasal  branches  of 
the  trigeminus  and  the  olfactory,  the  latter  in  the  case  of  intense  odours.  The 
efferent  or  motor  paths  lie  in  the  nerves  for  the  muscles  of  expiration  120,  3, 
and  347,  II.).  Sneezing  cannot  be  performed  voluntarily,  [but  it  may  be  inhibited 
by  compressing  the  nasal  nerve  at  its  exit  on  the  nose]. 

3.  Coughing  centre. — According  to  Kohts,  it  is  placed  a  little  above  the 
inspiratory  centre ;  the  afferent  paths  are  the  sensory  branches  of  the  vagus 
(§  352,  5,  a).  The  efferent  paths  lie  in  the  nerves  of  expiration  and  those  that 
close  the  glottis  (§  120,  1). 

4.  Centre  for  sucking  and  mastication.— The  afferent  paths  lie  in  the  sensory 
branches  of  the  nerves  of  the  mouth  and  lips  (2ud  and  3rd  branches  of  the 
trigeminus  and  glosso-pharyngeal).  The  efferent  nerves  for  suclcing  are  (§  152) : — 
Facial  for  the  lips,  hypoglossal  for  the  tongue,  the  inferior  maxillary  division  of  the 
trigeminus  for  the  muscles  which  elevate  and  depress  the  jaw.  For  the  movements 
of  mastication,  the  same  nerves  are  in  action  (§  153) ;  but  when  food  passes  within 
the  dental  arch,  the  hypoglossal  is  concerned  in  the  movements  of  the  tongue,  and 
the  facial  for  the  buccinator. 

5.  Centre  for  the  secretion  of  saliva  (p.  215)  lies  in  the  floor  of  the  4th 
ventricle.  Stimulation  of  the  medulla  oblongata  causes  a  profuse  secretion  of 
saliva  when  the  chorda  tympani  and  glosso-pharyngeal  nerves  are  intact,  a  much 
feebler  secretion  when  the  nerves  are  divided,  and  no  secretion  at  all  when  the 
cervical  sympathetic  is  extirpated  at  the  same  time  {Griitzner). 

6.  Swallowing  centre  lies  in  the  floor  of  the  4th  ventricle  (§  156).— The  afferent 
paths  lie  in  the  sensory  branches  of  the  nerves  of  the  mouth,  palate,  and  pharynx 
(2nd  and  3rd  branches  of  the  trigeminus,  glosso-pharyngeal,  and  vagus) ;  the 
efferent  channels,  in  the  motor  branches  of  the  pharyngeal  plexus  (§  352,  4). 
Stimulation  of  the  glosso-pharyngeal  nerve  does  not  cause  deglutition;  on  the 
contrary,  this  act  is  inhibited  (p.  228). 

According  to  Steiuer,  every  time  we  swallow  there  is  a  slight  stimulation  of  the  respiratory 
centre,  resulting  in  a  contraction  of  the  diaphragm.  [Kronecker  has  shown  that  if  a  glass  of 
water  be  sipped  slowlv,  the  action  of  the  cardio-inhibitory  centre  is  interfered  with  refiexly,  so 
that  the  heart  beats  luuch  more  rapidly,  whereby  the  circulation  is  accelerated,  hence  probably 
the  reason  why  sipping  an  alcoholic  drink  intoxicates  more  rapidly  than  when  it  is  quickly 
iswaiiuwed  (p.  668).] 

7.  Vomiting  centre  (§  158).— The  relation  of  certain  branches  of  the  vagus  to 
this  act  are  given  at  §  352,  2,  and  12,  cJ.I 

8.  The  upper  centre  for  the  dilator  pupillse  muscle,  the  smooth  muscles  of  the 
orbit,  and  the  eyelids  lies  in  the  medulla  oblongata.  The  fibres  pass  out  partly  in 
the  trigeminus  (§  347,  I.,  3),  partly  in  the  lateral  columns  of  the  spinal -cord  as  far 
down  as  the  cilio-spinal  region,  and  proceed  by  the  two  lowest  cervical  and  the  two 
upper  dorsal  nerves  into  the  cervical  sympathetic  (§  356,  A,  1).  The  centre  is 
normally  excited  reflexly  by  shading  the  retina,  i.e.,  by  diminishing  the  amount  of 
light  admitted  into*  the  eye.  It  is  directly  excited  by  the  circulation  of  dyspnoeic 
bfood  in  the  medulla.  (The  centre  for  contracting  tho,  pupil  is  referred  to  at  ^  345 
and  392.) 

The  centre  may  be  excited' reflexly  by  stimulation  of  sensory  nerve,  e.g.,  the  sciatic.  These 
afferent  fibres  pass  upwards  through  both  lateral  columns  to  their  centre  {Koxmlcwsky). 
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9.  There  is  a  subordinate  centre  in  the  medulla  oblongata,  which  seems  to  be 
concerned  in  brino-ing  the  various  reflex  centres  of  the  cord  into  relation  with  eacli 
other.  Owsjannikow  found  that,  on  dividing  the  medulla  6  mm.  above  the  calamus 
scriptorius  (rabbit),  the  general  reflex  movements  of  the  body  still  occurred,  and 
the  anterior  and  posterior  extremities  participated  in  such  general  movements.  If, 
however,  the  section  was  made  1  mm.  nearer  the  calamus,  only  local  partial  reflex 
actions  occurred  (§  360,  III.,  4) ;  [thus,  on  stimulating  the  hind-leg,  the  fore-legs 
did  not  react — the  transference  of  the  reflex  was  interfered  with].  The  centre 
reaches  upwards  to  slightly  above  the  lowest  third  of  the  oblongata. 

The  medulla  in  the  frog  also  contains  the  general  centre  for  movements  from  place  to  place. 
Section  of  this  region  abolishes  the  power  to  move  from  place  to  place;  when  external  stimuli 
are  applied,  there  remains  only  simple  reflex  movements  (Steiner). 

Pathological. — The  medulla  oblongata  is  sometimes  the  seat  of  a  typical  disease,  known  as 
bulbar  paralysis,  or  glosso-pharyngo-labial  paralysis  {Duchenne,  1860),  in  which  there  is  a 
progressive  invasion  of  the  different  nerve-nuclei  (centres)  of  the  cranial  nerves  which  arise 
wthin  the  medulla,  these  centres  being  the  motor  portions  of  an  important  reflex  apparatus. 
Usually,  the  disease  begins  with  paralysis  of  the  tongue,  accompanied  by  fibrillar  contractions, 
whereby  speech,  formation  of  the  food  into  a  bolus,  and  swallowing  are  interfered  with  (§  354). 
The  secretion  of  thick,  viscid  saliva  points  to  the  impossibility  of  secreting  a  thin  watery /acia^ 
saliva  (§  145,  A),  owing  to  paralysis  of  this  nerve-nucleus.  Swallowing  may  be  impossible, 
owinw  to  paralysis  of  the  pharynx  and  palate.  This  interferes  with  the  formation  of  consonants 
[especially  the"  Unguals,  I,  t,  s,  r,  and,  by  and  by,  the  labial  explosives  b,  p]  (§  318,  C)  ;  the 
speech  becomes  nasal,  while  fluids  and  solid  food  often  pass  into  the  nose.  Then  follows 
paralysis  of  the  branches  of  the  facial  to  the  lips,  and  there  is  a  characteristic  expression  of  the 
mouth  "as  if  it  were  frozen."  All  the  muscles  of  the  face  may  be  paralysed  ;  sometimes  the 
laryngeal  muscles  are  paralysed,  leading  to  loss  of  voice  and  the  entrance  of  food  into  the 
windpipe.  The  heart-heats  are  often  retarded,  pointing  to  stimulation  of  the  cardio-inhibitory 
fibres  (arising  from  the  accessorius).  Attacks  of  dyspnaa,  like  those  following  paralysis  of  the 
recurrent  nerves  (§  313,  XL,  1,  and  §  352,  5,  b),  and  death  may  occur.  Paralysis  of  the  muscles 
of  mastication,  contraction  of  the  pupil,  and  paralysis  of  the  abducens  are  rare.  [This  disease 
is  always  bilateral,  and  it  is  important  to  note  that  it  aff'ects  the  nuclei  of  those  muscles  that 
guard  the  orifices  of  the  mouth,  including  the  tongue,  the  posterior  uares  including  the  soft 
palate,  and  the  rima  glottidis  with  the  vocal  cords.  ] 

368.  RESPIRATORY  CENTRE.  INNERVATION  OF  THE  RESPIRA- 
TORY ORGANS. — The  respiratory  centre  lies  in  the  medulla  oblongata  {Legallois, 
1811),  behind  the  superficial  origin  of  the  vagi,  on  both  sides  of  the  posterior 
aspect  of  the  apex  of  the  calamus  scriptorius,  between  the  nuclei  of  the  vagus  and 
accessorius,  and  was  named  by  Flourens  the  vital  point,  or  noeud  vital.  The  centre 
is  double,  one  for  each  side,  and  it  may  be  separated  by  means  of  a  longitudinal 
incision  {Longet,  1847),  whereby  the  respiratory  movements  continue  symmetrically 
on  both  sides.  Section  of  Vagi. — If  one  vagus  be  divided,  respiration  on  that 
side  is  sloived.  If  both  vagi  be  divided,  the  respirations  become  much  sloiver  and 
deeper,  but  the  respiratory  movements  are  symmetrical  on  both  sides.  Stimulation 
of  the  central  end  of  one  vagus,  both  being  divided,  causes  an  arrest  of  the 
respiration  only  on  the  same  side,  the  other  side  continues  to  breathe.  The  same 
result  is  obtained  by  stimulation  of  the  trigeminus  on  one  side  (Langendorf).  When 
the  centre  is  divided  transversely  on  one  side,  the  respiratory  movements  on  the 
same  side  cease  (Schiff).  Most  probably  the  dominating  respiratory  centre  lies 
in  the  medulla  oblongata,  and  upon  it  depend  the  rhythm  and  symmetry  of  the 
respiratory  movements ;  but,  in  addition,  other  and  subordinate  centres  are  placed  in 
the  spinal  cord,  and  these  are  governed  by  the  oblongata  centre.  If  the  spinal  cord 
be  divided  in  newly-born  animals  (dog,  cat)  below  the  medulla  oblongata,  respira- 
tory movements  of  the  thorax  are  sometimes  observed  {Bracket,  1835). 

[If  the  cord  be  divided  below  the  medulla,  or  the  cranial  arteries  ligatured  (rabbit),  there 
may  still  be  respiratory  movements,  which  become  more  distinct  if  strychnin  be  previously 
administered,  so  that  Langendorff  assumes  the  existence  of  a  spinal  respiratory  centre,  which 
he  finds  is  also  influenced  by  reflex  stimulation  of  sensory  nerves.] 

Nitschmann,  by  means  of  a  vertical  incision  into  the  cervical  cord,  divided  the  spinal  centre 
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into  two  eciiial  lialves,  each  of  which  acted  on  both  sides  of  tlie  diaphragm  after  the  medulla 
was  divided  just  below  the  calaiinis  scriptorius.  The  sjiiiial  centres  must,  therefore,  be  con- 
nected with  each  other  in  the  cord.  The  spinal  respiratory  centre  can  be  excited  or  inhibited 
retlexly  ( JVcrlhcimcr). 

Anatomical.— Schilf  locates  the  respiratory  centre  near  the  lateral  margins  of  the  grey  matter 
in  the  door  of  the  4th  ventricle,  but  not  reaching  so  far  backwards  as  the  ala  ^cinerea. 
According  to  Gierke,  Heidenhain,  and  Langendorlf,  tliose  ])arts  of  the  medulla  oblongata  whose 
destruction  causes  ces.sation  of  the  respiratory  movements  are  single  or  double  strands  of 
nervous  matter,  containing .  grey  nervous  substance  with  small  ganglion  cells,  and  running 
downwards  in  the  substance  of  the  medulla  oblongata.  These  strands  are  said  to  arise  partly 
from  the  roots  of  the  vagus,  trigeminus,  spinal  accessory,  and  glosso-pbaryngeal  {Meytmrt) 
forming  connections  by  means  of  fibres  with  the  other  side,  and  descending  as  far  downwards 
as  the  cervical  enlargement  of  the  spinal  cord  {Goll).  According  to  this  view,  this  strand 
represents  an  inter -centfal  band  connecting  the  spinal  cord  (the  place  of  ongm  of  the  motor 
respiratory  nerves)  -with  the  nuclei  of  the  above-named  cranial  nerves. 

Cereljral  Inspiratory  Centre.— According  to  Cliristiani,  there  is  a  cerebral 
insinrcttory  centre  in  the  optic  thalamus  in  the  floor  of  the  3rd  ventricle,  which  is 

stimulated  through  the  optic  and  auditory 
nerves,  even  after  extirpation  of  the  cere- 
brum and  corpora  striata ;  when  it  is  stimu- 
lated directly,  it  deepens  and  accelerates  the 
inspiratory  movements,  and  may  even  cause 
a  standstill  of  the  respiration  in  the  inspira- 
tory phase.  This  inspiratory  centre  may  be 
extirpated.  After  this  operation,  an  expira- 
tory centre  i?  active  in  the  substance  of  the 
anterior  pair,  of  the  corpora  quadrigemina, 
not  far  from  the  aqueduct  of  Sylvius.  Martin 
and  Booker  describe  a  second  cerebral  in- 
spiratory centre  in  the  posterior  pair  of  the 
Qorpora  quadrigemina.  These  three  centres 
are  connected  with  the  centres  in  the  medulla 
oblongata. 

The  respiratory  centre  consists  of  two 
centres,  which  are  in  a  state  of  activity  alter- 
nately— an  inspiratory  and  an  expiratory 
centre  (fig.  467),  each  one  forming  the 
motor  central  point  for  the  acts  of  inspira- 
tion and  expiration  (§  112).  The  centre  is 
cheme  ot  tne  cmei  respiratory  nerves.  i  ^-^        '      .  , 

WW,  inspiratory,  and  €.32^,  expiratory  centre  automatic,  for,  after  section  of  all  the  sen- 
— motor  nerves  are  in  smooth  lines.  Ex-  sory  nerves  which  can  act  retlexly  upon  tne 
piratory  motor  nerves  to  abdominal  centre,  it  still  retains  its  activity.  The  de- 
muscles,  ab  ;  to  muscles  of  back  do.  In-  ^  excitability  and  the  stimulation  of 
spiratory  motor  nerves,    ph,  phrenic  to  f  ,„^^n  tbp   stntp  of  the 

diaphragm,  -d ;  int,  intercostal  nerves  ;  the  centre  depend  upon  the  State  01  tne 
rl,  recurrent  laryngeal ;  ex,  pulmonary  blood,  and  chiefly  upon  the  amount  ot  tne 
fibres  of  vagus  that  excite  inspiratory  blood-gases,  the  0  and  CO.j  (/.  Rosenthal). 
centre  ;  ex,  pulmonary  fibres  that  excite  According  to  the  condition  of  the  centre, there 
^^^:fZkrA^y1^\  are  sevei^al  well-recognised  respiratory  con- 
ink,  fibres  of  sup.  laryngeal  that  inhibit  ditions  : —  •        c  i, 

the  inspiratory  centre.  1.  Apnoea. — Complete  cessation  of  the 

respiration  constitutes  apncea,  i.e.,  cessation  of  the  respiratory  movements,  owing 
to  the  absence  of  the  proper  stimulus,  due  to  the  blood  being  saturated  with  O  and 
poor  in  CO,  Such  blood  saturated  with  O  fails  to  stimulate  the  centre,  and  hence 
the  respiratory  muscles  are  quiescent.  This  seems  to  be  the  condition  m  the  fatus 
during  intrauterine  life.  If  air  be  vigorously  and  rapidly  forced  into  the  lungs  of 
an  animal  by  artificial  respiration,  the  animal  will  cease  to  breathe  for  a  time,  alter 


Fig.  467. 

Scheme  of  the  chief  respiratory  nerves. 
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cessation  of  the  artificial  respiration  {Hooh,  1667),  the  blood  being  so  artenalised 
hat  it  no  longer  stimulates  the  respiratory  centre.    If  a  person  takes  a  series  of 
rapid,  deep  respirations  his  blood  becomes  surcharged  with  oxygen,  and  long 
"  apnoeic  pauses  "  occur. 

Annoeic  Blood  —A  Ewald  found  that  the  arterial  blood  of  aimoeio  animals  was  coinpletely 
sattrtTw^ih  0,  while  the  CO,  was  diminished  ;  the  venous  blood  -ntained  less  0  han  n™ 

this  latter  condition  beinff  due  to  the  apnceic  blood  causing  a  considerable  fall  ot  the  i  looa 
;;Ssm^and  ~  slowing  of  the  blood-streani,  so  that  the  0  can  be  more  completely 
E  from  the  blood  in  the  capillaries  {Pfiilgcr).  The  amount  of  O  used  in  apncea  on  the  whole 
s  not  ncJ^ased  (§  127).  Gad  remarks  that  during  forced  artificial  respiration,  the  pulmonary 
Iveoli  coS  a  very  large  amount  of  atmospheric  air;  hence,. they  are  able  to  artenaUse  the 
blood  for  a  longer  time,  thus  diminishing  the  necessity  for  respiration.  According  to  Cxad  and 
Knoll,  the  excitability  of  the  respiratory  centre  is  reduced  during  apncea  and  this  is  caused 
reflexly  during  artificial  respiration  by  the  distension  of  the  lungs  stimulating  the  branches  of 
thevacrus.    lu  quite  young  mammals  apnrea  cannot  be  produced  (J^imffc). 

FDrugs  —If  the  excitability  of  the  respiratory  centre  be  diminished  by  chloral,  apnroa  is 
readily  induced,  while,  if  the  centi-e  be  excited,  as  by  apomorphme,  it  is  difficult  to  produce  it.  J 

2  Eupnoea.— The  normal  stimulation  of  the  respiratory  centre,  eupnoea,  is 
caused  by  the  blood,  in  which  the  amount  of  O  and  COg  does  not  exceed  the  normal 

limits  (§§  35  and  36).  ,     ^      ,  •  r.r^  ■ 

3.  Dyspnoea.— All  conditions  which  diminish  the  O  and  increase  the  in 
the  blood  circulating  through  the  medulla  and  respiratory  centre  cause  acceleration 
and  deepening  of  the  respirations,  which  may  ultimately  pass  into  vigorous  and 
laboured  activity  of  all  the  respiratory  muscles,  constituting  dyspnoea,  when  the 
difficulty  of  breathing  is  very  great  (§  134).    [Changes  in  the  rhythm,  §  111.] 

Duriuc'  normal  respiration,  and  with  the  commencement  of  the  need  for  more. air,  according 
to  Gad,  the  gases  of  the  blood  excite  only  the  inspiratory  centre ;  while  the  expiration  follows 
owing  to  reflex  stimulation  of  the  pulmonary  vagus  by  the  distension  of  the  lungs  (p.  666).  He 
is  also  of  opinion  that  the  normal  respiratory  movements  are  excited  by  the  C0„. 

[Muscular  work,  as  is  well-known,  increases  the  respirations  and  may  even  cause  dyspnoea. 
This  is  not  due  to  the  nervous  connections  of  the  muscles  or  other  organs  with  the  respiratory 
centre,  but  to  changes  in  the  blood.  Geppert  and  Zuntz  have  shown,  however,  that  the  result 
cannot  be  explained  by  changes  in  the  blood  caused  either  by  difninution  of  0  or  increase  of 
C0„.  It  seems  to  be  due  to  the  blood  taking  up  some  as  yet  unknown  products  from  the  con- 
tracting muscle,  and  carrying  them  to  the  respiratory  centre,  which  is  directly  excited  by  them. 
The  nature  of  these  substances  is  unknown.  It  has  been  shown  that  the  alkalinity  of  the 
blood  is  reduced  by  the  formation  of  an  acid.  The  substances,  whatever  they  may  be,  are  not 
excreted  by  the  urine,  and  are,  therefore,  perhaps  readily  oxidised  {Loewy).  0.  Lehmann  has 
proved  that,  in  rabbits,  the  acidification  of  the  blood  produced  by  muscular  exertion  plays  an 
important  part  in  the  stimulation  of  the  respii'atory  centre.] 

4.  Asphyxia. — If  blood,  abnormal  as  regards  the  amount  and  quality  of  its 
gases,  continue  to  circulate  in  the  medulla,  or  if  the  condition  of  the  blood  become 
still  more  abnormal,  the  respiratory  centre  is  ovei'-stimulated,  and  ultimately 
exhausted.  The  respirations  are  diminished  both  in  number  and  depth,  and  they 
become  feeble  and  gasping  in  character ;  ultimately  the  movements  of  the 
respiratory  muscles  cease,  and  the  heart  itself  soon  ceases  to  beat.  This  constitutes 
the  condition  of  asphyxia,  and  if  it  be  continued,  death  from  suffocation  takes 
place.  (LangendorfE  asserts  that  in  asphyxiated  frogs  the  muscles  and  grey 
nervous  substance  have  an  acid  reaction.)  If  the  conditions  causing  the  abnormal 
condition  of  the  blood  be  removed,  the  asphyxia  may  be  prevented  under  favourable 
circumstances,  especially  by  using  artificial  respiration  (§  134);  the  respiratory 
muscles  begin  to  act  and  the  heart  begins  to  beat,  so  that  the  normal  eupnoeic 
stage  is  reached  through  the  condition  of  dyspnoea.  If  the  venous  condition  of  the 
blood  be  produced  slowly  and  very  gradually,  asphyxia  may  occur  without  there 
being  any  symptoms  of  dyspncea,  as  happens  when  death  takes  place  quietly  and 
very  gradually  (§  324,  5). 

Causes  of  Dyspnoea. — (1)  Direct  limitation  of  the  activity  of  the  respiratory  organs ; 

diminution  of  the  respiratory  surface  by  inflammation,  acute  ojdema  (§  47),  or  collapse  of  tho 
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alveoli,  occlusion  of  the  capillaries  of  tlio  alveoli,  compression  of  the  lungs,  entrance  of  air  into 
the  pleura,  obstruction  or  compression  of  the  windpipe.  (2)  Obstnxction  to  the  entrance  of 
the  normal  anioxmt  of  air  by  stianguhition,  or  enclosure  in  an  insufficient  space.  (3)  En- 
feeblemeut  of  the  circulation,  so  that  the  medulla  oblongata  does  not  receive  a  sufficient  amount 
of  blood  ;  in  degeneration  of  the  heart,  valvular  cardiac  disease  ;  and  artificially  by  ligature  of 
the  carotid  and  vertebral  arteries  {Kussmaul  and  Tenner),  or  by  preventing  the  free  efflux  of 
venous  blood  from  the  skull,_  or  by  the  injection  of  a  large  quantity  of  air  or  indifferent  particles 
into  the  right  heart.  (4)  Direct  loss  of  blood,  which  acts  by  arresting  the  exchange  of  gases 
in  the  medulla  [J.  lioscnlhal).  This  is  the  cause  of  the  "biting  or  .snapping  at  the  air"  mani- 
fested by  the  decapitated  heads  of  young  animals,  e.g.,  kittens.  [The  phenomenon  is  well  marked 
in  the  head  of  a  tortoise  separated  from  the  body  (  W.  Stirling).] 

If  we  study  the  rapidly  fatal  effects  of  these  factors  on  the  respiratory  activity,  we  observe 
that  at  first  the  respirations  become  quicker  and  deeper,  then  after  an  attack  of  general  con- 
vulsions, ending  in  expiratory  spasm,  there  follows  a  stage  of  complete  cessation  of  respiration. 
Before  death  takes  place,  there  are  usually  a  few  "snapping"  or  gasping  efforts  at  inspiration 
{Hogyes,  Sigm.  Mayer — §  111). 

Condition  of  the  Blood-Gases. — As  a  general  rule,  in  the  production  of  dyspnoia,  the  want 
of  0  and  the  excess  of  CO.,  act  simultaneously  {Pfliigcr  and  Dolmen),  but  each  of  these  alone 
may  act  as  an  efficient  cause.  According  to  Bernstein,  blood  containing  a  small  amount  of  0 
acts  chiefly  upon  the  inspiratory  centre,  and  blood  rich  in  COj  on  the  expiratory  centi'e.  (1) 
Dyspnoea,  from  want  of  0,  occurs  during  respiration  in  a  space  of  moderate  size  (§  133),  in 
spaces  where  the  tension  of  the  air  is  diminished,  and  by  breathing  indifferent  gases  or  those 
containing  no  free  0.  When  the  blood  is  freely  ventilated  with  N  or  H,  the  amount  of  COg 
in  the  blood  may  even  be  diminished,  and  death  occurs  with  all  the  signs  of  asphyxia  (Pfliiger). 
(2)  Dyspnoea,  from  the  blood  being  overcharged  with  CO,,  occurs  by  breathing  air  containing 
much  CO.,  (§  133).  Air  containing  much  CO,  may  cause  dyspncea,  even  when  the  amount  of  0 
in  the  blood  is  greater  than  that  in  the  atmosphere  (Thiry).  The  blood  may  even  contain  more 
0  than  normal  {Pfliigcr). 

Heat  Dyspnoea. — An  increased  temperature  increases  the  activity  of  the  respiratory  centre 
(§  214,  II.,  3).  This  occurs  when  blood  warmer  than  natural  flows  through  the  brain,  as  Fick 
and  Goldstein  observed  when  they  placed  the  exposed  carotids  in  warm  tubes,  so  as  to  heat  the 
blood  pa.ssing  through  them.  In  this  case  the  heated  blood  acts  directly  upon  the  brain,  the 
medulla,  and  the  cerebral  respiratory  centres  (Gad).  Direct  cooling  diminishes  the  excitability 
{Fridiricq).  When  the  temperature  is  increased,  vigorous  artificial  respiration  does  not  produce 
apncea,  although  the  blood  is  highly  arterialised  {Ackermann).  Emetics  act  in  a  similar  manner 
{Hermann  and  Grimm). 

Electrical  stimulation  of  the  medulla  oblongata,  after  it  is  separated  fi'om  the  brain, 
discharges  respiratory  movements  or  increases  those  already  present  {Kronecker  and  Marck- 
ivald).  Langendorff  found  that  electrical,  mechanical,  or  chemical  (salts)  stimulation  usually 
caused  an  expiratory  efi'ect,  while  stimulation  of  the  cervical  spinal  cord  (subordinate  centre) 
gave  an  inspiratory  effect.  According  to  Laborde,  a  superficial  lesion  in  the  region  of  the 
calamus  scriptorius  causes  standstill  of  the  respiration  for  a  few  minutes.  If  the  peripheral 
end  of  the  vagus  be  stimulated,  so  as  to  arrest  the  action  of  the  heart,  the  respirations  also 
cease  after  a  few  seconds.  Arrest  of  the  heart's  action  causes  a  temporary  anaemia  of  the 
medulla,  in  consequence  of  which  its  excitability  is  lowered,  so  that  the  respirations  cease  for 
a  time  {Langendorfl). 

Action  on  the  Centre. — The  respiratory  centre,  besides  being  capable  of 
being  stimulated  directly,  may  be  influenced  by  the  will,  and  also  reflexly  by 
stimulation  of  a  number  of  afferent  nerves. 

1.  By  a  voluntary  impulse  we  may  arrest  the  respiration  for  a  short  time, 
but  only  until  the  blood  becomes  so  venous  as  to  excite  the  centre  to  increased 
action.  The  number  and  depth  of  the  respirations  may  be  voluntarily  increased  for 
a  long  time,  and  we  may  also  voluntarily  change  the  rhythm  of  respiration. 

2.  The  respiratory  centre  may  be  influenced  reflexly  both  by  fibres  which  excite 
it  to  increased  action  and  by  others  which  i7thibit  its  action,  (a)  The  exciting 
fibres  lie  in  the  pulmonary  branches  of  the  vagus,  in  the  optic,  auditory,  and 
cutaneous  nerves;  normally  their  action  overcomes  the  action  of  the  inhibitory 
fibres.  Thus,  a  cold  bath  deepens  the  respirations,  and  causes  a  moderate  accelera- 
tion of  the  pulmonary  ventilation  (Speck). 

Section  of  both  vagi  causes  slower  and  deeper  respiratory  movements,  owing 
to  the  cutting  off  of  those  impulses  which  under  normal  conditions  pass  from  the 
lungs  to  excite  the  respiratory  centre  (p.  661).    The  amount  of  air  taken  in  the 


\ 


CONDITIONS  ACTING  ON  THE  EESPIHATORY  CENTRE. 


665 


CO  -iven  off,  however,  is  unchanged,  but  the  inspiratory  efforts  are  more  vigorous 
r„d^^otsopu'rposive  (Gad).     Weak  fetani^ing  currents  api^ied   o  t^^^^^^^^^^ 
of  the  vagus,  cause  acceleration  of  the  respirations,  while,  at  the  same  tinie  tne 
efforts  of  th^  respiratory  muscles  may  be  increased,  or  diminished,  or  remain  un- 
chanc^ed  (Gad).    Strong  tetanising  currents  cause  standstill  of  the  i-espiration  in 

ie  inspiratory  phase  {Traube),  or  especially  m  fatigue  of  ^^^^ 
expiratory  phase  {Budge,  Bwkart).    Single  induction   shocks  have   no  effect 
iMarckwald  and  Kronecker). 

[MarckwaUl,  while  admifting  that  the  respiratory  centre  is  automatically  active  as  well  as 
capable  of  being  affectod  roflexly,  comes  to  the   conclusion,   that,   when  the   centie  s 

epa  ated  from  dl  nerve-chaunels  by  which  afferent  impulses  can  be  «0!^^X^t  norma 
incnnable  of  discharain<^  rhythmical  respiratory  movements.    He  also  asserts  that  the  noimal 
2y^^^S^^^l^nt..U..  act  disi.harg/d  chiefly  through  the  vagi,        t^iat  the  no^a 
excitant  of  the  respiratory  centre  is  not  dependent  on  the  condition  of  the  blood,  e        on  the 
d  minution  of  0,  or  the  increase  of  CO,.    These  results  are  opposed  to   he  ^^^^^^lly  ^P^f  J 
view,  and  they  kre  controverted  by  Loewy.    Division  of  the  medulla  oblongata  above  the 
respiratory  centi-e,  so  as  to  cut  off  all  cerebral  channels  of  communication,  has  veiy  1  ttle 
effect  on  the  respii'ations.    If,  after  this,  one,  or  both  vagi  be  divided  there  is-(l) 
ordinarysloioing  of  the  respiration;  the  number  of  respirations  may  fall  m  the  labbit,  liom 
90  to  2  or  4  per  minute  ;  (2)  the  rhythm  is  changed,  in  some  cases  the  inspiration  maylje 
twice  or  thrice  as  long  as  the  expiration,  but,  whatever  the  ratio  of  inspiration  to  expiration 
the  respiration  is  rhythmical  ;  (3)  the  volume  of  air  respired  is  diminished  (p.  664)   but  the 
volume  for  each  respiration  is  deeper;  (4)  the  intra-thoraoic  pressure  is  increa.sed,  during 
inspiration,  and  during  expiration  it  is  the  same  as  before  the  vagotomy.] 


Before  Vagotomy. 


After  Vagotomy. 


p. 


0  ^ 

*^  en 

a 


mm. 

■30  to  -40 
•  22  to  -  24 


20 
32 


OS  c 

3  s 

> 


c.cm. 
310-350 
530-540 


Si  3. 
OS  ^ 

3  s 


c.cm 
16 
16 


Intra-thoracic 
Pressure. 

Frequency. 

Relation  of 
Exp.  Insp. 

Volume  Resp. 
per  Min. 

Diminution  of 
Vol.  per  Min. 

Volume  Resp. 
per  Respir. 

Increase  of 
Vol.  for  each 
Resp. 

c.cm. 

7o 

7o 

-60  to 

-70 

4 

1 
2 

130-140 

59 

33 

100 

-50  to 

-60 

2i 

i 

105-120 

79-5 

40 

150 

[The  above  table  (from  Loewy)  shows  the  result.  Loewy  finds  that,  if  the  centre  be  separated 
from  all  centripetal  channels,  it  still  discharges  respiratory  movements,  which  are  rhythmical, 
and  he  has  shown  that  these  rhythmical  discharges  are  due  to  the  condition  of  the  blood.] 

[If  one  lung  be  made  atelectic,  i.e.,  devoid  of  air,  e.g.,  by  plugging  its  bronchus  with  a 
sponge-tent,  then  the  pulmonary  fibres  of  the  vagus  from  this  lung  are  no  longer  excited  during 
respiration,  and  their  section  has  no  effect  on  the  respiration.  Section  of  the  vagus  on  the 
sound  side,  however,  has  the  same  consequence  as  double  vagotomy  {Loeivy).] 

Wedenski  and  Heidenhain  find  that  a  temporary,  weak,  electrical  stimulus  applied  to  the 
central  end  of  the  vagus,  at  the  beginning  of  inspiration  (rabbit),  affects  the  depth  of  the 
succeeding  inspirations,  while  a  similar  strong  stimulus  affects  also  the  depth  of  the  following 
expirations.  If  the  stimulus  be  applied  just  at  the  commencement  of  expiration,  stronger 
stimuli  being  required  in  this  case,  there  is  a  diminution  of  the  expiration  and  of  the  following 
inspiration.  Continued  tetanic  stimulation  of  the  vagus  may  cause  decrease  in  the  depth  of 
the  expirations,  or  at  the  same  time  alteration  in  the  depth  of  the  inspirations,  without 
affecting  the  respiratoiy  rhythm ;  when  the  stimulation  is  stronger,  inspiration  and  expiration 
are  diminished  with  or  without  alteration  of  the  frequency,  and  with  the  strongest  stimuli, 
respirations  cease  either  in  the  inspiratory  or  expiratory  phase. 

(6)  The  inhibitory  nerves  which  affect  the  respiratory  centre  run  in  the  superior 
laryngeal  nerve  {Rosenthal),  and  also  in  the  inferior  {Pfliiger  and  Burlcart,  Henng, 
Breuer),  to  the  respiratory  centre  (fig.  467,  ink). 

According  to  Langendorff,  direct  electrical,  mechanical,  or  chemical  stimulation  of  the  centre 
may  arrest  respiration,  perhaps  in  consequence  of  the  stimulus  afi'ecting  the  central  ends  of 
these  inhibitory  nerves  where  they  enter  the  ganglia  of  the  respiratory  centre.  During  the 
reflex  inhibition  of  the  respiration  in  the  expiratory  phase,  there  is  a  suppression  of  the  motor 
impulse  in  the  inspiratory  centre  ( Wegete). 

Stimulation  of  the  superior  or  inferior  laryngeal  nerves  (i)  or  their  central  ends 
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causes  slowing,  and  even  arrest  of  tlie  respiration  (in  expiration — RosentJuil). 
Arrest  of  the  respiration  in  expiration  is  also  caused  by  stimulation  of  the  nasal 
{Jleriiii/  and  Kmtuchmcr)  and  ophthalmic  branches  of  the  trigeminus  {Christiani\ 
of  the  olfactory,  and  glosso-pharyngeal  (Marckwald).  [Kratschmer  found  that 
tobacco-smoke  blown  into  a  rabbit's  nostrils,  or  puffed  through  a  hole  in  the 
trachea  into  the  nose,  by  stimulating  the  nasal  branch  of  the  fifth  nerve,  arrested 
the  respiration  in  the  expiratory  phase ;  while  it  had  no  effect  when  blown  into  the 
lungs.  Ammonia  vapour  applied  to  the  nostrils  arrests  it  in  the  same  way.  If 
ammonia  vapour  be  blown  into  the  lungs  (the  nasal  cavity  being  protected  from  its 
action),  the  respiration  may  be  accelerated,  or  deepened,  or  arrested  occasionally  in 
expiration,  ie.,  according  to  the  fibres  of  the  vagus  acted  on  by  the  vapour  in  the 
lungs  (K7ioU).'\  Stimulation  of  the  pulmonary  branches  of  the  vagus  by  breathing 
irritating  gases  (Knoll)  causes  standstill  in  expiration,  although  some  other  gases 
cause  standstill  in  inspiration.  Chemical  stimulation  of  the  trunk  of  the  vagus, — 
by  dilute  solutions  of  sodic  carbonate,' — causes  expiratory  inhibition  of  the  respira- 
tion ;  and  mechanical  stimulation, — rubbing  with  a  glass  rod, — inspiratory  inhibition 
{Knoll).  The  stimulation  of  sensory  cutaneous  nerves,  especially  of  the  chest  and 
abdomen  (as  occurs  on  taking  a  cold  douche),  and  stimulation  of  the  splanchnics, 
cause  standstill  in  expiration,  the  first  cause  often  giving  rise  to  temporary  clonic 
contractions  of  the  respiratory  muscles.  The  respirations  are  often  slowed  to  a  very 
great  extent  by  pressure  upon  the  brain,  [whether  the  pressure  be  due  to  a 
depressed  fracture  or  effusion  into  the  ventricles  and  subarachnoid  space].  The 
respiration  may  be  greatly  oppressed  and  stertorous. 

The  aoDoimt  of  work  done  by  the  respiratory  muscles  is  altered  during  the  reflex  slowing  of 
the  respiratory  muscles,  the  work  being  increased  during  slow  respiration,  owing  to  the 
inefi'ectual  inspiratory  efforts  {Gad).  The  volume  of  the  gases  which  passes  through  the  lungs 
during  a  given  time  remains  unchanged  ( Valentiv),  and  the  gaseous  exchanges  are  not  altered 
at  first  ( Voit  and  Rauhcr). 

Automatic  Regulation. — Under  normal  circumstances,  it  would  seBm  that  the 
pulmonary  branches  of  the  vagus  act  upon  the.  two  respiratory  centres,  so  as  to  set 
in  action  what  has  been  termed  the  self-adjusting  mechanism  ;  thus,  the  inspiratory 
dilatation  of  the  lungs  stimulates  mechanically  the^  fibres  which  reflexly  excite  the 
expiratory  centres,  while  the  diminution  of  the  lungs  during  expiration  excites  the 
nerves  which  proceed  to  the  inspiratory  centre  {Hering  and  Breuer,  Head).  [Thus, 
blowing  into  the  lungs  excites  the  act  of  expiration,  and  sucking  air  out  of  them 
excites  inspiration.]  ' 

In'  this  way  we  may  explain  the  alternate  play  of  inspiration  and  expiration.  In  deep 
narcosis,  however,  dilatation  of  the  thorax  in  animals  is  followed  first  by  cessation  of  the 
respiratory  movements,  and  then  by  inspiration  (P.  Guttmann). 

Discharge  of  the  First  Respiration. — The  foetus  is  in  an  apnoeic  condition 
until  birth,  when  the  umbilical  cord  is  cut.  During  intrauterine  life,  G  is  freely 
supplied  to  it  by  the  activity  of  the  placenta.  All  conditions  which  interfere  with 
this  due  supply  of  O,  as  compression  of  the  umbilical  vessels  and  prolonged  labour 
pains,  cause  a  decrease  of  the  0  and  an  increase  of  the  COo  in  the  blood,  so  that 
the  condition  of  the  fojtal  blood  is  so  altered  as  to  stimulate  the  respiratory  centre, 
and  thus  the  impulse  is  given  for  the  discharge  of  the  first  respiratory  movement 
{SrJmartz).  A  fnetus,  still  within  the  unopened  fo3tal  membranes,  may  make 
respiratory  movements  (Vesalius,  1542).  If  the  exchange  of  gases  be  interrupted 
to  a  sufficient  extent,  dyspncea  and  ultimately  death  of  the  foetus  may  occur.  If, 
however,  the  venous  condition  of  the  mother's  blood  develops  very  slowly,  as  in 
cases  of  quiet  slow  death  of  the  mother,  the  medulla  oblongata  of  the  fwtus  may 
gradually  die  without  any  respiratory  movement  being  discharged  (§  324,  5). 

According  to  this  view,  the  respiratory  movements  are  due  to  the  direct  action  of  the 
dyspnceic  bTood  upon  the  medulla  oblongata.    [The  excitability  of  the  respiratory  centre  is  less 
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.  .1  f  +T,nn  in  the  iiewlv  born,  and  it  increases  from  day  to  day  after  birth.  Amongst 
in  the  f^t"^..*"!"  ^.  J^^^^^^^  the  small  amount  of  0  in  fcetal  blood,  and  the  slow 

'?t'rof  the  ciic  l  or  rran  inspira  is  discharged  in  the  foetus,  it  is  at  once  inhibited 
bv  m  S  pa  Si'  n  ^rnostiil^  andLliibiting  the  acf  reflexly  The  chief  cause  ot  the  fr.st 
^  •  nfinn  afto-  birth  is  undoubtedly  the  increasing  venosity  of  the  blood,  and  also  the  dis- 
respirat  on  ^ft^'  "i^*";;'.^^^",^'"^'''^  inhibitory  process.]  Death  of  the  mother  acts  like 
appeamnce  ot  tie  above^^^^^^^^^  In  the  former 'case,  the  maternal  venous  blood  robs  the 

SrZd^    tf  0,  s^tlla^^^^^^^^^^^^  of  the  foetus  occurs  m  re  rapidly  (^«»^)     K  ^j- ."-^^J^ 
;^7,;  Zi.,nnpd  w  th  CO      17),  the  foetus  may  live  longer,  as  the  CO-hajmoglobin  of  the 
SSaKdtnnS  tTke       O  from  the  fcetal 'blood  (§  it-Eogyes).    In  slow  poisoning  the 

PO  nasses  into  the  fojtal  blood  (<>e7i«3Ji!  fMifJ  (?tww(7M««d).    . 

Tn^Tanv  cases  especially  in  cases  of  very  prolonged  labour,  the  excitability  of  the  respiratory 
centr  may  be  "J  d  Eshed,  that  after  birth,  the'dyspna3ic  condition  of  the  blood  alone  is  not 
suffident  to  excite  respiration  in  a  normal  rhythmica  maimer.  In  such  cases  «^«^''';°[ 
IhTskin  also  acts  c  ff.f  partly  by  the  cooling  produced  by  the  evaporation  of  the  amniotic  fluid 
from  tL  skin     Wb^^  entered  the^lungs  by  the  first  respiratory  movemcnts^^tiie  axr 

Sn  the  lun-s  also  excites  the  pulmonary  branches  of  the  vagus  (PJluger),  and  tlius  the 
Si^tor?  cenu-e  is  stimulated  retlexly  to  increased  activity.  According  to  v  Preuschen  s 
S^at^ons  stimulation  of  the  cutaneous  nerves  is  more  effect  ve  than  that  of  the  pulmonary 
branches  of  the  va-us.  In  animals  which  have  been  rendered  apnoeic  by  free  ventilation  of 
their  luncrs  respiratory  movements  may  be  discharged  by  stiong  cutaneous  stimuli,  e.fif. ,  dashing 
of  old  waten  Tlfe  mechanical  stimulation  of  the  skin  by  friction  or  sharp  blows  or  the 
application  of  a  cold  douche,  excites  the  respiratory  centee.  When  the  placental  circu  ation  s 
intact,  cutaneous  stimuli  do  not  discharge  respiratory  movements  (Z^mtzand  CohnsUm),  (Arti- 

^TActioToTSru^^on  the  Respiratory  Centire.— Ammonia,  salts  of  zinc  and  copper,  strychnin, 
atropin,  duboisin,  apomorphiu,  emetin,  the  digitalis  group,  and  heat  increase  the  rapidity  and 
depth  of  the  respirations,  while  they  become  frequent  and  shallower  after  the  use  ot  alcohol 
opium,  chloral,  Chloroform,  physostigmin.    The  excitability  of  the  centre  is  first  increased  and 
then  diminished  by  caffein,  nicotin,  quinine,  and  saponin  {Brunton).] 

369  CENTRE  FOR  THE  INHIBITORY  NERVES  OF  THE  HEART— 
(CARDl'O-INHIBITORY).— The  fibres  of  the  vagus,  when  moderately  stimulated, 
diminish  the  action  of  the  heart ;  when  strongly  stimulated,  however,  they  arrest 
its  action  and  cause  it  to  stand,  still  in  diastole  (§  352,  7) ;  they  are  supplied  to  the 
vagus  through  the  spinal  accessory  nerve,  and  have  their  centre  in  the  medulla 
oblongata  (§  353). 

[Gaskell  has  shown  that  stimulation  of  the  vagus  not  only  influences  the  rhythm 
of  the  heart's  action,  but  modifies  the  other  functions  of  the  cardiac  muscle. 
Stimulation  of  the  vagus  influences — (a)  the  automatic  rhythm,  i.e.,  the  rate  at 
which  the  heart  contracts  automatically ;  (6)  the  force  uf  the  contractions,  more 
especially  the  auricles,  although,  in  some  animals,  e.g.,  the  tortoise,  the  ventricles 
are  not  affected;  (c)  the  jMiver  of  conduction,  i.e.,  the  capacity  for  conducting  the 
muscular  contractions.  According  to  Gaskell,  the  yagus  acts  upon  the  rhythmical 
power  of  the  muscular  fibres  of  the  heart.] 

This  centre  may  be  excited  directly  in  the  medulla,  and  also  reflexly,  by  stimu- 
lating certain  afferent  nerves^ 

Many  observers  assume  that  this  centre  is  in  a  state  of  tonic  excitement,  i.e.,  that  there  is 
a  continuous,  uninterrupted,  regulating,  and  inhibitory  action  of  this  centre  upon  the  heart 
tlirough  the  fibres  of  the  vagus.  According  to  Bernstein,  this  tonic  excitement  is  caused 
reflexly  through  the  abdominal  and  cervical  sympathetic. 

I.  Direct  Stimulation  of  the  Centre. — This  centre  may  be  stimulated  directly, 
by  the  same  stimuli  that  act  upon  the  respiratory  centre.  (1)  Sudden  ancemia  of 
the  oblongata.,  ligature  of  both  carotids  or  both  subclavians,  or  decapitating  a 
rabbit,  the  vagi  alone  being  left  undivided,  cause  slowing  and  even  temporary 
arrest  of  the  action  of  the  heart.  (2)  Sudden  venous  hyperemia  acts  in  a  similar 
manner,  e.g.,  by  ligaturing  all  the  veins  returning  from  the  head.  (3)  Increased 
venosity  of  the  blood,  produced  either  by  direct  cessation  of  the  respirations  (rabbit), 
or  by  forcing  into  the  lungs  a  quantity  of  air  containing  much  COo  {T'rauhe).  As 
the  circulation  in  the  placenta  (the  respiratory  organ  of  the  foetus)  is  interfered 
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with  during  severe  labour,  this  sufficiently  exjjlains  the  enfeeblement  of  the  action 
of  the  heart  which  occurs  during  protracted  labour ;  it  is  due  to  stimulation  of  the 
central  end  of  the  vagus  by  the  dyspnoeic  blood  {B.  S.  Schuitze).  (4)  At  the 
moment  the  respiratory  centre  is  excited,  and  an  inspiration  occurs,  there  is  a 
variation  in  the  inhibitory  activity  of  the  cardiac  centre  {Bonders,  Pjiiiger,  Fi-edericq 
— §  74,  a.  4).  (5)  The  centre  is  excited  by  increased  hlood-pressure  within  the 
cerebral  arteries. 

II.  The  centre  may  be  excited  reflexly  by — (1)  Stimulation  of  sensory  nerves 
(Loven).  (2)  Stimulation  of  the  central  end  of  one  vagus,  provided  the  other  vagus 
is  intact.  (3)  Stimulation  of  the  sensory  nerves  of  the  intestines,  by  tapping  upon 
the  belly  (Goltz's  tapping  experiment),  whereby  the  action  of  the  heart  is  arrested. 
Stimulation  of  the  splanchnic  directly  (Asp  and  Ludivig),  or  of  the  abdominal  or 
cervical  sympathetic,  produces  the  same  result.  Very  strong  stimulation  of 
sensory  nerves,  however,  arrests  the  above-named  reflex  effects  upon  the  vagus 
(§  361,  3). 

Tapping  Experiment. — Goltz's  experiment  succeeds  at  once,  by  tapping  the  intestines- of  a 
frog  directly,  say,  with  the  handle  of  a  scalpel,  especially  if  the  intestine  has  been  exposed  to 
the  air  for  a  short  time,  so  as  to  become  inflamed  (Tarchanoff).  Stimulation  of  the  stomach  of 
the  dog  causes  slowing  of  the  heart-beat  {Sig.  Mayer  and  Pribram).  [M 'William  finds  that  the 
action  of  the  heart  of  the  eel  may  be  arrested  reflexly  with  very  great  facility.  The  reflex 
inhibition  is  obtained  by  slight  stimulation  of  the  gQls  (through  the  branchial  nerves),  the 
skin  of  the  head  and  tail,  and  parietal  peritoneum,  by  severe  injury  of  almost  any  part  of  the 
animal,  except  the  abdominal  organs.] 

[Effect  of  Swallowing  Fluids.  — Kronecker  has  shown  that  the  act  of  swallowing  interferes 
with  or  abolishes  temporarily  the  cardio-inhibitory  action' of  the  vagus,  so  that  the  pulse-rate  is 
greatly  accelerated.  Merely  sipping  a  wine-glassful  of  water  may  raise  the  rate  30  per  cent. 
Hence,  sipping  cold  water  acts  as  a  powerful  cardiac  stimulant.] 

According  to  Hering,  the  excitability  of  the  cardio-inhibitory  centre  is  diminished  by 
vigorous  artificial  ventilation  of  the  lungs  with  atmospheric  air.  At  the  same  time,  there  is  a 
considerable  fall  of  the  blood-pressure  (§  352,  8,  4).  In  man,  a  vigorous  expiration,  owing  to 
the  increased  intra-pulmonary  pressure,  causes  an  acceleration  of  the  heart-beat,  which 
Sommerbrodt  ascribes  to  a  diminution  of  the  activity  of  the  vagi.  At  the  same  time  the 
activity  of  the  vaso-motor  centre  is  diminished  (§  60,  2). 

Stimulation  of  the  trunk  of  the  vagus  from  the  centre  downwards,  along  its 
whole  course,  and  also  of  certain  of  its  cardiac  branches  [inferior  cardiac],  causes 

the  heart  either  to  beat  more 

;  ^_J^__  slowly,  or  arrests  its  action  in 

YVYWyWr  [^^'"'^^^mWIM  diastole.     The   result  depends 

i  1  Heart  Beat.  ^poQ  the  Strength  of  the  stimulus 

 1 1 M  I J 1 1 1 1 1  li'  1 1 1  n  I  M  1 1 1 1  M 1 1  m!i  1 1 1  M  1 1 1 1 1  M  1 1 1 1 1 1 1 1 1  employed  ;   feeble  stimuli  slow 

i  i  lime  in  ecs.        action-  of  the  heart,  while 

i  : —  i  strong  stimuli  arrest  it  in  dias- 

  \       stimulation        |  __ —    ,    ,     °  mi       r       >     l        i.  U 

  Fio-.  468.  tolfi.    The  frogs  heart  may  be 

Beating  of  a  frog's  heart  taken  by  means  of  a  lever  rest-  arrested  by  stimulating  the  fibres 
ing  on  the  heart.  The  lowest  curve  shows  when  the  of  the  vagus  upon  the  sinus  ve- 
vagus  was  stimulated  and  the  consequent  arrest  of  the  nosus  [or  by  stimulating  the 
heart-beat  (-SfiJiWmfir).  y&gws,  in  its  course  as  in  fig. 

468].  If  strong  stimuli  be  applied,  either  to  the  centre  or  to  the  course  of  the  nerve, 
for  a  long  time,  the  part  stimulated  becomes  fatigued  and  the  heart  beats  more 
rapidly  in  spite  of  the  continued  stimulation.  If  a  part  of  the  nerve  lying  nearer 
the  heart  be  stimulated,  inhibition  of  the  heart's  action  is  brought  about,  as  the 
stimulus  acts  upon  a  fresh  portion  of  nerve. 

The  following  points  have  also  been  ascertained  regarding  the  stimulation  of  the  inhibitory 
fibres  *  

1  The  experiments  of  Lbwit  on  the  frog's  heart,  confirmed  by  Heidenhain,  showed  that 
electrical  and  chemical  stimulation  of  the  vagus  produce  different  results,  as  regards  the  extent 
of  the  ventricular  systole,  as  well  as  the  number  of  heart-beats  ;  the  contractions  either  become 
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li.v  nv  less  frenuent  or  they  become  smaller  and  lesa  frequent  sunultaneous  y.  Stiong 
smaller,  01  less  tiec^^i  ent       ^  J>    j    ^  relaxation  of  the  heart-musclo  during  diastole, 
stimuhcau  e  lu  addi  ion  weU  .^^  ^  stimulus  is  not  necessary.  A 

f  tSea The  a    sted  b^^^^^^  of  tlf«  vagus,  it  can  still       r-^^*' ^^.^^  .^Mg 

/7 ,  Iw  nripkiu"  it  with  a  needle,  when  it  executes  a  single  contraction,  [ihis  hoWs 
rf^miZ*/,  .^-/..,  by  niammals.    In  fishes,  only  the 

good  only  'o-^f^'"^,^'^"^^  marked  inhibition;  in  the  newt,  only  the  bulbus 

InSiV  Tnte  n^w^riliTthe  s^,  auricles,  and  ventricle  are  all  inexcitable  to  direct 

^ttc1ordln"'t.f  I'Tm';^^^^  are  present  only  in  the  HgU  vagus  in  the 

tuJile    It  is  usually  stated  that  the  right  /agus  is  more  effective  than  the  left  m  other  animals 
!T?;bhit  •  but  this  is  subject  to  many  exceptions  {Lanclois  and  Langendorp.  [In 

thenetJ  thS    vagus  acts  more^eadily  on  the  ventricle  than  on  the  other  parts  of  the 
stiinulation  of  the  right  vagus  can  arrest  the  ventricle,  while  the  sinus  and  auricles 

°°6°Vhe  vafus  has  been  compressed  by  the  finger  in  the  neck  of  man  (CJcma^  Co^ica/io);  but 
this  experiment  is  accompanied  by  danger,  and  ought  not  to  be  undertaken.  The  electi-otonic 
rnnrlition  of  the  vaffus  is  stated  in  §  335,  III.  c      1.       u  a 

7  Schitf  found  that  stimulation  of  the  vagus  of  the  frog  caused  acce  eration  of  the  hear  -beat, 
when  he  displaced  the  blood  of  the  heart  with  saline  solution.  If  blood-serum  be  supplied  to 
til  p  heart  the  vagus  regains  its  inhibitory  action. 

8  Many  soda  salts  in  a  proper  concentration  arrest  the  inhibitory  action  o   the  vagus  while 
potash  salts  restore  the  inhibitorv  function  of  the  vagi  suspended  by  the  soda  salts.    If,  how- 
^vet  the  soda  or  potash  salts  act'too  long  upon  the  heart,  they  produce  a  condition  in  which 
after  the  inhibitory  function  of  the  vagi  is  abolished,  it  is  not  again  restored.    The  hearts 
action  in  this  condition  is  usually  arhythmical  {Lbwit). 

9  If  the  intracardial  pressure  be  greatly  increased,  so  as  to  accelerate  greatly  the  caidiac 
pulsations,  the  activity  of  the  vagus  is  correspondingly  diminished  (J.  M.   Liuiwig  ana 

"^'r^erences  in  Animals.— Perhaps  the  most  remarkable  fact  in  connection  with  the_ influence 
of  the  vacrus  on  the  eel's  heart  and  that  of  all  other  fishes  examined,  is,  that  vagus-stimulation 
causes  the  sinus  and  auricle  to  be  entirely  inexcitable  to  direct  stimulation  during  sti-ong 
inhibition.  Nerve-stimulation  has  in  this  case-  the  very  peculiar  effect  ot  rendering  the 
muscular  tissue  temporarily  incapable  of  responding  to  even  the  strongest  direct  stimuli,  e.g., 
powerful  induction  shocks.  This  would  appear  to  be  decisive  evidence  that  the  vagus  acts  on 
muscle  directly,  and  not  simply  on  automatic  motor  ganglia,  as  was  held  according  to  the  old 

view  (Jf  fFiiZZmm).]  .     ■,    i      ^      i  ^.i. 

Poisons.— Mtscarwi  stimulates  the  terminations  of  the  vagus  in  the  heart,  and  causes  the 
heart  to  stand  still  in  diastole  {Schmiedeherg  and  Koppe).  [See  p.  85  for  Gaskell's  views.]  If 
atropin  be  applied  in  solution  to  the  heart,  this  action  is  set  aside,  and  the  heart  begins  to  beat 
again.  [Atropin  abolishes  completely  the  inhibitory  action  of  the  vagus  on  the  heart.  If  it 
be  injected  into  the  jugular  vein  of  a  rabbit,  the.  pulse-beats  are  increased  27  per  cent., 
in  the  dog,  they  may  be  trebled,  and  in  a  man  under  its  full  influence  the  pulse-beats 
may  rise  from  70  to  150  or  more.  After  atropin,  it  is  impossible  to  arrest  the  action  of  the 
heart  by  stimulation  of  the  vagus,  and  in  the  frog  this  cannot  be  done  even  by  stimulation  of 
the  inhibitory  centre  in  the  heart  itself,  so  that  atropin  must  be  regarded  as  paralysing  the 
intracardiac  terminations  of  the  vagus.]  Digitalin  diminishes  the  number  of  heart-beats 
by  stimulating  the  cardio-inhibitory  centre  (vagus)  in  the  medulla.  Large  doses  diminish  the 
excitability  of  the  vagus  centi-e,  and  increase  at  the  same  time  the  accelerating  cardiac  ganglia, 
so  that  the  heart-beats  are  thereby  increased.  In  small  doses,  digitalin  raises  the  blood- 
pressure  by  stimulating  the  vaso-motor  centre  and  the  elements  of  the  vascular  wall  {Klug). 
Nicotin  first  excites  the  vagus,  then  rapidly  paralyses  it.  Hydrocyanic  acid  has  the  same 
effect  {Preyer).  Atropin  {v.  Bezold)  and  curara  (large  dose — CI.  Bernard  and  Kiillikcr) 
paralyse  the  vagi,  and  so  does  a  very  low  temperature  or  high  fever. 

370.  CENTRE  FOR  THE  ACCELERATING  CARDIAC  NERVES.— 

NervTis  Accelerans. — It  is  more  than  probable  that  a  centre  exists  in  the  medulla 
oblongata,  which  sends  accelerating  fibres  to  the  heart.  These  fibres  pass  from  the 
medulla  oblongata — but  from  which  part  thereof  has  not  been  exactly  ascertained 
— through  the  spinal  cord,  and  leave  the  cord  through  the  rami  communicantes  of 
the  lower  cervical  and  upper  six  dorsal  nerves  {Strieker),  to  pass  into  the  sympathetic 
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nerve.  Some  of  these  libres,  issuing  from  the  spinal  cord,  pass  through  the  first  thoracic 
sympathetic  ganglion  and  the  ring  of  Vieussens,  to  join  the  cardiac  plexus  (iigs.  469 
470).  [These  fibres,  proceeding  from  the  spinal  cord,  frequently  accompany  the 
nerve  running  along  the  vertebral  artery],  and  they  constitute  the  Nervus  accelerans 
cordis.  [Fig.  470  shows  the  accelerator  fibres  passing  through  the  ganglion  stellatuiu 
of  the  cat  to  join  the  cardiac  plexus.]  If  the  vagi  of  an  animal  be  divided,  stimu- 
lation of  the  medulla  oblongata,  of  the  lower  end  of  the  divided  cervical  spinal  cord 


Fig-  469.  ]7ig.  470. 

Fig.  469. — Scheme  of  the  course  of  the  accelerans  fibres.  P,  pons;  MO,  medulla  oblongata; 
C,  spinal  cord  ;  V,  inhibitory  centre  for  heart  ;  A,  accelerans  centre  ;  Vag.,  vagus ;  SL, 
superior,  IL,  inferior  laryngeal  ;  SO,  superior,  IC,  inferior  cardiac  ;  H,  heart ;  C,  cerebral 
impulse;  S,  cervical  sympathetic  ;  a,  a,  accelerans  fibres.  Fig  470.— Cardiac  plexus,  and 
ganglion  stellatura  of  the  cat.  K,  right,  L,  left  x  ;  1,  vagus  ;  2'  cervical  sympathetic, 
and  in  the  annulus  of  Vieussens ;  2,  communicating  branches  from  the  middle  cervical  gan- 
glion and  the  ganglion  stellatum ;  2",  thoracic  sympathetic  :  3,  recurrent  laryngeal :  4, 
depressor  nerve  ;  5,  middle  cervical  ganglion  ;  5',  communication  between  5  and  the  vagus ; 
6,  ganglion  stellatum  (1st  thoracic  ganglion) ;  7,  communicating  branches  with  the  vagus; 
8,  nervus  accelerans  ;  8,  8',  8",  roots  of  accelerans  ;  9,  branch  of  the  ganglion  stellatum. 

even  of  the  lower  cervical  ganglion,  or  of  the  upper  dorsal  ganglion  of  the 
sympathetic  {Gang,  stellatum),  causes  acceleration  of  the  heart-beats  in  the  dog  and 
rabbit,  without  the  blood-pressure  undergoing  any  change  {CI.  Bernard,  v.  Bezold, 
Cyon). 

On  stimulating  the  medulla  oblongata  or  the  cervical  portion  of  the  spinal  cord,  the  vaso- 
motor nerves  are,  of  course,  simultaneously  excited.  The  consequence  is  that  the  blood-vessels, 
suppUed  by  vaso-motor  nerves  from  the  spot  which  is  stunulated,  contract,  and  the  blood- 
pressure  is  greatly  increased.  Again,  a  simple  increase  of  the  blood-pressure  accelerates  the 
action  of  the  heart ;  this  experiment  does  not  prove  directly  the  existence  of  accelerating  fibres 
lying  in  the  upper  part  of  the  spinal  cord.  If,  however,  the  splanchnic  nerves  be  divided 
beforehand  (when,  as  they  supply  the  largest  vaso-motor  area  in  the  body,  the  result  of  theii- 
division  is  to  cause  a  great  fall  of  the  blood-pressure),  then  on  stimulating  the  above-named 
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nai-ts  after  this  operation,  the  heart-beats  are  still  iucreased  in  number  so  that  this  increase 
Lmiot  be  due  to  the  increased  blood-pressure.  Indirectly  it  may  be  shown,  by  dividing  or 
PvHnmtin-  all  the  nerves  of  the  cardiac  plexus,  or  at  least  all  the  nerves  going  to  the  heart, 
thxt  stimulation  of  the  medulla  oblongata,  or  cervical  part  of  the  spina  cord,  no  longer 
causes  an  iucreased  frequency  of  the  heart's  action  to  the  same  extent  as  before  division  of 
these  nerves.  The  slightly  increased  frequency  in  this  case  is  due  to  the  increased  blood- 
pressure. 

The  accelerating  centre  is  certainly  not  continually  in  a  state  of  tonic  excitement, 
as  section  of  the  accelerans  nerve  does  not  cause  slowing  of  the  action  of  the  heart  ; 
the  same  is  true  of  destruction  of  the  medulla  oblongata  or  of  the  cervical  spinal 
cord.  In  the  latter  case,  the  splanchnic  nerves  must  be  divided  beforehand,  to 
avoid  the  slowing  effect  on  the  action  of  the  heart  produced  by  the  great  fall  of  the 
blood-pressure  consequent  upon  destruction  of  the  cord,  otherwise  we  might  be  a,pt 
to  ascribe  the  result  to  the  action  of  the  accelerating  centre,  when  it  is  in  reality 
due  to  the  diminished  blood-pressure  {Cyon). 

Accordino-  to  the  results  of  the  older  observers  {y.  Bezold  and  others),  some 
accelerating"  fibres  run  in  the  cervical  sym]3athetic.  A  few  fibres  pass  through  the 
vagus  to  reach  the  heart  (§  352,  7),  and  when  they  are  stimulated,  either  the  heart- 
beat is  accelerated  or  the  cardiac  contractions  strengthened  {Heidenhain  and  Lowit), 
or  the  latter  alone  occurs  (Pawlow).  The  inhibitory  fibres  of  the  vagus  lose  their 
excitability  more  readily  than  the  accelerating  fibres,  but  the  vagus  fibres  are  more 
excitable  than  those  of  the  accelerans. 

Tarchanoff  has  described  some  very  rare  cases  of  individuals  who,  by  a  merely  voluntary  effort, 
and  while  at  rest,  the  respirations  remaining  unafi'ected,  could  nearly  double  the  number  of 
their  pulse-beats.  .      .     ,  , 

Modifying  Conditions. — When  the  peripheral  end  of  the  ncrvus  accelerans  \a  stimulated,  a 
considerable  time  elapses  before  the  eflect  upon  the  frequency  of  the  heart  takes  place,  i.e.,  it 
has  a  long  latent  period.  Further,  the  acceleration  thus  produced  disappears  gradually.  If 
the  vagus  and  accelerans  fibres  be  stimulated  simultaneously,  only  the  inhibitory  action  of  the 
vagus  is  manifested.  If,  ivhilc  the  accelerans  is  being  stimulated,  the  vagus  be  suddenly  excited, 
there  is  a  prompt  diminution  in  the  number  of  the  heart-beats  ;  and  if  the  stimulation  of  the 
vagus  is  stopped,  the  accelerating  effect  of  the  accelerans  is  again  rapidly  manifested  (C.  Liidwig 
with  Schmicdehery,  Buwditch,  Baxt).  According  to  the  experiments  of  Strieker  and  Wagner 
on  dogs,  with  both  vagi  divided,  a  diminution  of  the  number  of  the  heart-beats  occurred 
when  both  accelerantes  were  divided.  This  would  indicate  a  tonic  innervation  of  the  latter 
nerves. 

[Accelerans  in  the  Frog. — Gaskell  showed  that  stimulation  of  the  vagus 
might  produce  two  opposing  effects  ;  the  one  of  the  nature  of  inhibition,  the  other 
of  augmentation.  In  the  crocodile,  the  accelerans  fibres  leave  the  sympathetic 
chain  at  the  large  ganglion  corresponding  to  the  ganglion  stellatum  of  the  dog,  and 
run  along  the  vertebral  artery  up  to  the  superior  vena  cava,  and,  after  anastomosing 
with  branches  of  the  vagus,  pass  to  the  heart.  "  Stimulation  of  these  fibres  in- 
creases the  ra^e  of  the  cardiac  rhythm,  and  augments  the /orce  of  auricular  con- 
tractions ;  while  stimulation  of  the  vagus  slows  the  rhythm,  and  diminishes  the 
strength  of  the  auricular  contractions."  The  strength  of  the  ventricular  contraction, 
both  in  the  tortoise  and  crocodile,  does  not  seem  to  be  influenced  by  stimulation  of 
the  vagus,  and  probably  also  it  is  unaffected  by  the  sympathetic.  The  so-called 
vagus  of  the  frog,  in  reality,  consists  of  pure  vagus  fibres  and  sympathetic  fibres, 
and  is  in  fact  a  vago-sympathetic.  Gaskell  finds  that  stimulation  of  the  sympatlietic, 
before  it  joins  the  combined  ganglion  of  the  sympathetic  and  vagus,  produces  purely 
augmentor  or  accelerating  effects ;  while  stimulation  of  the  vagus,  before  it  enters 
the  ganglion,  produces  purely  inhibitory  effects.  The  two  sets  of  fibres  are  quite 
distinct,  so  that  in  the  frog,  the  sympathetic  is  a  purely  augmentor  (accelerator), 
and  the  vagus  a  purely  inhibitory  nerve.  Acceleration  is  merely  one  of  the  effects 
produced  by  stimulation  of  these  nerves ;  hence,  Gaskell  suggests  that  they  ought 
to  be  called  "  augmentor,"  or  simply  cardiac  sympathetic  nerves.] 

[In  his  more  recent  researches  Gaskell  asserts  that  vagus  stimulation  produces  ji?rs«  an  inhibi- 
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tory  or  depressing  ellect,  but  that  it  ultimately  improves  the  condition  of  the  heart  as  regards 
force,  rate,  or  regularity — one  or  all  of  these.  He  regards  it  as  a  true  anabolic  nerve  (§  342,  d).] 

371.  VASO-MOTOR  CENTRE  AND  VASO-MOTOR  NERVES.— Vaso-motor 
Centre. — The  chief  dominating  or  general  centre,  which  supplies  all  the  non- 
striped  muscles  of  the  arterial  system  with  motoi-  nerves  (vaso-motor,  vaso-con- 
strictor,  vaso-hypertonic  nerves),  lies  in  the  medulla  oblongata,  at  a  point  v?hich 
contains  many  ganglionic  cells  {Ludwig  and  Thiry).  Those  nerves  which  pass  to 
the  blood-vessels  are  known  as  vaso-motor  nerves.  The  centre  (which  is  3 
millimetres  long  and  1^  millimetre  broad  in  the  rabbit)  reaches  from  the  region  of 
the  upper  part  of  the  floor  of  the  medulla  oblongata  to  within  4  to  5  mm.  of  the 
calamus  scriptorius.  Each  half  of  the  body  has  its  own  centre,  placed  2|  milli- 
metres from  the  middle  line  on  its  own  side,  in  that  part  of  the  medulla  oblongata 
which  represents  the  upward  continuation  of  the  lateral  columns  of  the  spinal  cord ; 
according  to  Ludwig,  Owsjannikow,  and  Dittmar,  in  the  lower  part  of  the  superior 
olives.  Stimulation  of  this  central  area  causes  contraction  of  all  the  arteries,  and, 
in  consequence,  there  is  great  increase  of  the  arterial  blood-pressure,  resulting  in 
swelling  of  the  veins  and  heart.  Paralysis  of  this  centre  causes  relaxation  and 
dilatation  of  all  the  arteries,  and  consequently  there  is  an  enormous  fall  of  the 
blood-pressure.  Under  ordinary  circumstances,  the  vaso-motor  centre  is  in  a  condi- 
tion of  moderate  tonic  excitement  (§  366).  Just  as  in  the  case  of  the  cardiac  and 
respiratory  centres,  the  vaso-motor  centre  may  be  excited  directly  and  reflexly. 

[Position — How  ascertained. — As  stimulation  of  the  central  end  of  a  sensory 
nerve,  e.g.,  the  sciatic,  in  an  animal  under  the  influence  of  curara,  causes  a  rise  in 
the  blood-pressure,  even  after  removal  of  the  cerebrum,  it  is  evident  that  the  centre 
is  not  in  the  cerebrum  itself.  For  the  effect  of  chloral,  under  the  same  conditions, 
see  p.  674.  By  making  a  series  of  sections  from  above  downwards,  it  is  found 
that  this  reflex  effect  is  not  affected  until  a  short  distance  above  the  medulla 
oblongata  is  reached.  If  more  and  more  of  the  medulla  oblongata  be  removed  from 
above  downwards,  then  the  reflex  rise  of  the  blood-pressure  becomes  less  and  less, 
until,  when  the  section  is  made  4  to  6  mm.  above  the  calamus  scriptorius,  the 
effect  ceases  altogether.  This  is  taken  to  be  the  lower  limit  of  the  genei-al  vaso- 
motor centre.  The  bilateral  centre  corresponds  to  some  large  multipolar  nerve- 
cells,  described  by  Clarke  as  the  antero-lateral  nucleus.] 

I.  Direct  Stimulation  of  the  Centre. — The  amount  and  quality  of  the  gases 
contained  in  the  blood  flowing  through  the  medulla  are  of  primary  importance.  In 
the  condition  of  apncea  (§  368,  1),  the  centre  seems  to  be  very  slightly  excited,  as 
the  blood-pressure  undergoes  a  considerable  decrease.  When  the  mixture  of  blood- 
o-ases  is  such  as  exists  under  normal  circumstances,  the  centre  is  in  a  state  of 
moderate  excitement,  and  running  parallel  Math  the  respiratory  movements  are 
variations  in  the  excitement  of  the  centre  (Traube-Hering  curves— §  85),  these 
variations  being  indicated  by  the  rise  of  the  blood-pressure.  When  the  blood  is 
highly  venous,,  produced  either  by  asphyxia  or  by  the  inspiration  of  air  containing 
a  large  amount  of  CO,,  the  centre  is  strongly  excited,  so  that  all  the  arteries  of  the 
body  contract,  while  the  venous  system  and  the  heart  become  distended  with  blood 
(Thiry).  At  the  same  time,  the  velocity  of  the  blood-stream  is  increased 
(Heidenhain).  The  same  result  is  produced  by  ligature  of  both  the  carotid  and 
subclavian  arteries,  thus  causing  sudden  ansemia  of  the  medulla  oblongata ;  and, 
no  doubt,  also  by  the  sudden  stagnation  of  the  blood  in  venous  hypersemia. 

Emptiness  of  the  Arteries  after  Death.— The  venosity  of  the  blood  which  occurs  after  death 
always  produces  an  energetic  stimulation  of  the  vaso-motor  centre,  in  consequence  of  which  the 
krteries  are  firmly  contracted.  The  blood  is  thereby  forced  towards  the  capillaries  and  vems, 
and  thus  is  explained  the  "  emptiness  of  the  arteries  after  death." 

Effect  on  Hffimorrhage. —Blood  flows  much  more  freely  from  large  wounds,  when  the  vaso- 
motor centre  is  intact,  than  if  it  be  destroyed  (frog).    As  psychical  excitement  undoubtedly 
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influences  the  vaso-motor  centre,  wo  may  thus  explain  the  influenco  of  psychical  excitement 
(speaking,  &c. )  upon  the  cessation  of  lu\3niorrhagc.  If  the  hfuniorrhago  be  severe,  stimulation 
of  the  medulla  oblongata,  due  to  the  anfemia,  may  ultimately  cause  constriction  of  the  small 
arteries,  and  thus  arrest  the  bleeding.  Thus,  surgeons  are  acquainted  with  the  fact  that 
dangerous  hi^morrhage  is  often  arrested  as  soon  as  unconsciousness,  due  to  cerebral  anremia, 
occurs.  If  the  heart  be  ligatured  in  a  frog,  all  the  blood  is  ultimately  forced  into  the  veins, 
and  this  result  is  also  due  to  the  aniBmic  stimulation  of  the  oblongata  (GoUz).  In  mammals, 
when  the  heart  is  ligatured,  the  equilibration  of  the  blood-pressure  between  the  arterial  and 
venous  systems  takes  place  more  slowly  wlien  the  medulla  oblongata  is  destroyed  than  when  it 
is  intact  {v.  Bezold,  Gschcidlcn). 

[Effect  of  Destruction  of  the  Vaso-motor  Centre. — If  two  frogs  be  pithed  and  their  hearts  ex- 
posed, and  both  bo  suspouded,  then  the  hearts  of  both  will  be  fouud  to  beat  rhythmically  and 
fill  with  blood.  Destroy  the  medulla  oblongata  and  spinal  cord  of  one  of  them,"  then  immedi- 
ately in  this  case,  the  heart,  although  coutinuiug  to  beat  with  an  altered  rhythm,  ceases  to  be 
filled  with  blood  ;  it  appears  collapsed,  pale,  and  bloodless.  There  is  a  great  accumulation  of 
the  blood  in  the  abdominal  organs  and  veins,  and  it  is  not  returned  to  the  heart,  so  that  the 
arteries  are  empty.  This  experiment  of  Goltz  is  held  to  show  the  existence  of  venous  tonus 
depending  on  a  cerebro-spinal  centre.  If  a  limb  of  this  frog  be  amputated,  there  is  little  or  no 
hfemorrhage,  while  in  the  other  frog  the  htemorrhage  is  severe.  The  bearing  of  this  experi- 
ment on  conditions  of  "shock"  is  evident.] 

Action  of  Poisons. — Strtjchnin  stimulates  the  centre  directly,  even  in  curarised  dogs,  and  so 
do  nicotin  and  Calabar  bean. 

Direct  Electrical  Stimulation. — On  stimulating  the  ceutre  directly  in  animals,  it  is  found  that 
single  induction  shocks  only  become  effective  when  they  succeed  each  other  at  the  rate  of  2  to 
3  shocks  per  second.  Thus  there  is  a  "summation"  of  the  single  shocks.  The  maximum 
contraction  of  the  arteries,  as  expressed  by  the  maximum  blood-pressure,  is  reached  when  10  to  12 
strong,  or  20  to  25  moderately  strong  shocks  per  second  are  applied  {Kronecker  and  Nicolaides). 

Com-se  of  the  Vaso-motor  Nerves. — From  the  vaso-motor  centre  fibres  proceed  directly  through 
some  of  the  cranial  nerves  to  their  area  of  distribution  ;  through  the  trigeminus  partly  to  the 
interior  of  the  eye  (§  347,  I.,  2),  through  the  lingual  and  hypoglossal  to  the  tongue  (§  347,  III., 
4),  through  the  vagus  to  a  limited  extent  to  the  lungs  (§  352,  8,  2),  and  to  the  InteBtines 
(§  352,  11). 

All  the  other  vaso-motor  nerves  descend  in  the  lateral  columns  of  the  spinal  cord  (§  364,  9)  ; 
hence,  stimulation  of  the  lower  cut  end  of  the  spinal  cord  causes  contraction  of  the  blood-vessels 
supplied  by  the  nerves  below  the  point  of  section  {Pfliigcr).  In  their  course  through  the  cord, 
these  fibres  form  connections  with  the  suhordinate  vaso-motor  centres  in  the  grey  matter  of  the 
cord  (§  362,  7),  and  then  leave  the  cord  either  directly  through  the  cmterior  roots  of  the  spinal 
nerves  to  their  areas  of  distribution,  or  pass  through  the  rami  communicantes  into  the  sympa- 
thetic, and  from  them  reach  the  blood-vessels  to  which  they  are  distributed  (§  356)  [see  fig.  439]. 

The  foUowiug  is  the  ari-angement  of  these  nerves  in  the  region  of  the  head  :— The  cervical 
portion  of  the  sympathetic  supplies  the  great  majority  of  the  blood-vessels  of  the  head  (see 
Sijmpathetic,  §  356,  A,  3).  lu  some  animals,  the  great  auricular  nerve  supplies  a  few  vaso- 
motor fibres  to  its  own  area  of  distribution  {ScMff,  Loven,  Moreau,).  The  vaso-motor  nerves  to 
the  upper  extremities  pass  through  the  anterior  roots  of  the  middle  dorsal  nerves  into  the 
thoracic  sympathetic,  and  upwards  to  the  1st  thoracic  ganglion,  and  from  thence  through  the 
rami  communicantes  to  the  brachial  plexus  {Schiff,  Cyan).  The  skin  of  the  trunk  receives  its 
vaso-motor  nerves  through  the  dorsal  and  lumbar  nerves'.  The  vaso-motor  nerves  to  the  lower 
extremities  pass  through  the  nerves  of  the  lumbar  and  sacral  plexuses  into  the  sympathetic 
and  trom  thence  to  the  lower  limbs  {Pfliiger,  Schiff,  CI.  Bernard).  The  lungs,  in  addition  to  a 
lew  fibres  through  the  vagus,  are  supplied  from  the  cervical  spinal  cord  through  the  1st  thoracic 
ganglion  (Brown-Sequard,  Fick  and  Badoud,  Lichtheim).  The  splanchnic  is  the  gi-eatest  vaso- 
motor nerve  m  the  body,  and  supplies  the  abdominal  viscera  (§  356,  B-u  Bezold,  Ludiuiq  and 
Cyon).  The  vaso-motor  nerves  of  the  liver  (§  173,  6),  kidney  (§  276),  and  spleen  (§  103)  have 
been  referred  to  already.  According  to  Strieker,  most  of  the  vaso-motor  nerves  leave  the  spinal 
cord  bet(veen  the  5th  cervical  and  the  1st  dorsal  vertebra;.  [Gaskell  finds  that  in  the  dog  (fia. 
4d9)  they  begm  to  leave  the  cord  at  the  2nd  dorsal  nerve  (§  366)  ] 

frnnf  f^^®"''"^^  rule,  the  blood-vessels  for  the  skin  of  the  trunk  and  extremities  are  innervated 

fre^s  hpW°'7ff  ^11  *°         "^^gions-    The  difierent  vascular 

Thp  f  differently  with  regard  to  the  intensity  of  the  action  of  the  vaso-motor  nerves, 
m,  Po^^erful  vaso-motor  nerves  are  those  that  act  upon  the  blood-vessels  of  peripheral 

Wn'nHvl'/r  i  t'^.^'^gers,  and  ears;  while  those  that  act  upon  central  parts  seem  to  be 
iess  active  {Lnuascheio),  e.g.,  on  the  pulmonic  circulation  (§  88). 

^  J^'  ^^^T  ^*i°^^lation  of  the  Centre.— There  are  fibres  contained  in  the 
diaerent  afferent  nerves,  whose  stimulation  affects  the  vaso-motor  centre.  There 
are  nerve-hbres  whose  stimulation  excites  the  vaso-motor  centre,  thus  causinc.  a 
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stronger  contraction  of  the  arteries,  and  consequently  an  increase  of  the  arterial 
blood-pressure.  These  are  called  "  pressor  "  hbres.  Conversely,  there  are  other 
fibres  whose  stimulation  reflexly  diminishes  the  excitability  of  the  vaso-motor 
centre.  These  act  as  reflex  inhibitory  nerves  on  the  centre,  and  are  known  as 
"  depressor  "  fibres. 

Pressor,  or  excito-vaso-motor  nerves,  have  already  been  referred  to  in  connection 
with  the  superior  and  inferior  laryngeal  nerves  (§  3.52,  12,  a),  in  the  trigeminus, 
which,  when  stimulated  directly  (§  347),  causes  a  pressor  action,  as  well  as  when 
stimulating  vapours  are  blown  into  the  nostrils  {Ilering  and  Kratschmer).  [The 
rise  of  the  blood-pressure  in  this  case,  however,  is  accompanied  by  a  change  in  the 
character  of  the  heart's  beat  and  in  the  respirations.    Rutherford  has  .shown  that 
in  the  rabbit  the  vapour  of  chloroform,  ether,  amyl  nitrite,  acetic  acid,  or  ammonia 
held  before  the  nose  of  a  rabbit,  greatly  retards  or  even  arrests  the  heart's  action, 
and  the  same  is  true  if  the  nostrils  be  closed  by  the  hand.    This  arrest  does  not 
occur  if  the  trachea  be  opened,  and  Rutherford  regards  the  result  as  due  not  to  the 
stimulation  of  the  sensory  fibres  of  the  trigeminus,  but  to  the  state  of  the  blood 
acting  on  the  cardio-inhibitory  nerve  apparatus.]    Hubert  and  Roever  found  pressor 
fibres  in  the  cervical  sympathetic ;  S.  Mayer  and  Pribram  found  that  mechanical 
stimulation  of  tke  stomach,  especially  of  its  serosa,  caused  pressor  effects  (§  352, 
12,  c).    According  to  Lov^;n,  the  first  effect  of  stimulating  every  sensory  nerve  is  a 
pressor  action. 

[If  a  dog  be  poisoned  with  ciirara,  and  the  ce^itral  end  of  one  sciatic  nerve  be 
stimulated,  there  is  a  great  and  steady  rise  of  the  blood-pressure,  chiefly  owing  to 
the  contraction  of  the  abdominal  blood-vessels,  and  at  the  same  time  there  is  no 
change  in  the  heart-beat.  If,  however,  the  animal  be  poisoned  with  chloral,  there 
is  a  fall  of  the  blood-pressure  resembling  a  depressor  effect.] 

0  Naumanu  found  that  weak,  electi-ical  stimulation  of  the  skin  caused  at  first  contraction 
of  the  blood-vessels,  especially  of  the  mesentery,  lungs,  and  the  web,  with  smiultaneous  excite- 
ment of  the  cardiac  activity  and  acceleration  of  the  circulation  (frog).   Strong  stimuli,  however, 
had  an  opposite  effect,  i.e.,  a  depressor  effect,  with  simultaneous  decrease  of  the  cardiac  activity. 
Griitzner  and  Heidenhain  found  that  contact  with  the  skin  caused  a  pressor  effect  while  pain- 
ful impressions  produced  no  effect.    The  application  of  heat  and  cold  to  the  skin  produces 
reflexlv  a  change  in  the  lumen  of  the  blood-vessels  and  in  the  cardiac  activity  {Eohng  Winter- 
nitz).    Pinching  the  skin  causes  contraction  of  the  vessels  of  the  pia  mater  of  the  rabbit 
(ScMUer),  and  the  same  result  was  produced  by  a  warm  bath,  while  cold  dilated  the  vesse  s. 
These  results  are  due  partly  to  pressor  and  partly  to  depressor  efiects,  but  the  chief  cause  of  the 
dilatation  of  the  blood-vessels  is  the  increased  blood-pressure  due  to  the  cold  constricting  the 
cutaneous  vessels.    Heat,  of  course,  has  the  opposite  effect.    In  man  most  stimuh  applied  to 
sensory  nerves  produce  an  effect  :-feeble  cutaneous  stimuli,  tickling  (even  unpleasant  odoui. 
bitter  or  acid  tastes,  optical  and  acoustic  stimuli)  at  the  parts  where  they  are  appj^d,  cause  a  f^^ 
of  the  cutaneous  temperatm-e,  and  diminution  of  the  volume  of  the  f      ^P°f/^S  1^^,^' 
times  increase  of  the  general  blood-pressure  and  change  of  the  heart-beat.    T^ie  opposite  effects 
are  produced  by  painfull  stimulation,  the  action  of  heat  and  even  by  pleasant  odours  and  sweet 
te  te  )      The^Lmer  cause  simultaneously  dilatation  of  the  cerebral 

the  vascular  contents  of  the  skull, -the  latter  cause  the  opposite  results  {Mominoio  and 
Tarchanoff).  .  . 

Depressor  fibres,  i.e.,  fibres  whose  stimulation  diminishes  the  activity  of  the 
vaso-motor  centre,  are  present  in  many  nerves.  They  are  specially  numerous  m 
the  superior  cardiac  branch  of  the  vagus,  which  is  known  as  the  depresscrr  nerve 
(8  352  6)  The  trunk  of  the  vagus  below  the  latter  also  contains  depressor  hbres 
(V  Bezolk  as  well  as  the  pulmonary  fibres  (dog).  The  latter  also  a^ct  as  depressors, 
during  strong  expiratory  efforts  (§  74) ;  while  Bering  found  that  inflating  the  lungs 
ao  50  mm.  Hg  pressure)  caused  a  fall  of  the  blood-pressure  (and  also  accelerated 
the  heart  beats-§  369,  Il.j.  Stimulation  of  the  central  end  of  sensory  nerves, 
especially  when  it  is  intense  and  long-continued,  causes  dilatation  of  the  blood- 
vessels in  the  area  supplied  by  them  {Loven).  According  to  Latschenberger  and 
Deahna,  all  sensory  nerves  contain  both  pressor  and  depressor  hbres. 
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[If  a  rabbit  be  poisoned  with  curara,  and  the  central  end  of  the  great  auricular 
nerve  be  stimulated,  there  is  a  double  effect — one  local  and  the  other  general ;  the 
blood-vessels  throughout  the  body,  but  especially  in  the  splanchnic  area,  contract, 
so  that  there  is  a  general  rise  of  the  blood-pressure,  while  the  blood-vessels  of  the 
ear  are  dilated.  If  the  central  end  of  the  tibial  nerve  be  stimulated,  there  is  a  rise 
of  the  general  blood-pressure,  but  a  local  dilatation  of  the  saphena  artery  in  the 
limb  of  that  side  {Loven).  Again,  the  temperature  of  one  hand  and  the  condition 
of  its  blood-vessels  influence  that  of  the  other.  If  one  hand  be  dipped  in  cold 
Avater,  the  temperature  of  the  other  hand  falls.  Thus,  pressor  and  depressor  effects 
may  be  obtained  from  the  same  nerve.  The  vaso-motor  centre,  therefore,  primarily 
regulates  the  condition  of  the  blood-vessels,  but  through  them  it  obtains  its 
importance  by  regulating  and  controlling  the  hlood  supply  according  to  the  needs 
of  an  organ.] 

The  central  artery  of  a  rabbit's  ear  contracts  regularly  and  rhythmically  3  to  5  times  per 
minute.  Schiff  observed  that  stimulation  of  sensory  nerves  caused  a  dilatation  of  the  artery, 
which  was  preceded  by  a  slight  temporary  constriction. 

Depressor  effects  are  produced  in  the  area  of  an  artery  on  which  direct  pressure  is  made,  as 
occurs,  for  example,  when  the  sphygmograph  is  applied  for  a  long  time — the  pulse-curves 
become  larger,  and  there  are  signs  of  diminished  arterial  tension  (§  75). 

Rhy1;lunical  Contraction  of  Arteries. — In  the  intact  body  slow  alternating  contraction  and 
dilatation,  without  a  uniform  rhythm,  have  been  observed  in  the  arteries  of  the  ear  of  the 
rabbit,  the  membrane  of  a  bat's  wing,  and  the  web  of  a  frog's  foot.  This  arrangement,  observed 
by  Schiff,  supplies  more  or  less  blood  to  the  parts  according  to  the  action  of  external  conditions. 
It  has  been  called  a  "periodic  regulatory  vascular  movement."  This  movement  may  be  use- 
ful when  a  vessel  is  occluded,  as  after  ligature,  and  may  help  to  establish  more  rapidly  the 
collateral  circulation.  Stefani  has  shown  that  this  occurs  with  more  difficulty  after  section  of 
the  nerves. 

Direct,  local,  applications  may  influence  the  lumen  of  the  blood-vessels  ;  cold  and  moderate 
electrical  stimuli  cause  contraction ;  while,  conversely,  heat  and  strong  mechanical  or 
electrical  stimuli  cause  dilatation,  although  with  the  last  two  there  is  usually  a  preliminary 
constriction. 

Poisons. — Almost  all  the  digitalis  group  of  substances  cause  constriction  ;  quinine  and 
saliuin  constrict  the  splenic  vessels.  The  other  febrifuges  dilate  the  vessels  (Thomson). 
See  p.  95.  .  ^  ' 

Effect  on  Temperature. — The  vaso-motor  nerves  influence  the  temperature,  not 
only  of  individual  parts,  but  of  the  whole  body. 

1.  Local  Effects. — Section  of  a  peripheral  vaso-motor  nerve,  e.g.,  the  cervical 
sympathetic,  is  followed  by  dilatation  of  the  blood-vessels  of  the  parts  supplied 
by  it  (such  as  the  ear  of  the  rabbit),  the  intra-arterial  pressure  dilating  the  paralysed 
walls  of  the  vessels.  Much  arterial  blood,  therefore,  passes  into  and  causes 
congestion  and  redness  of  the  parts,  or  hyperssmia,  while,  at  the  same  time,  the 
temperature  is  increased.  There  is  also  increased  transudation  through  the  dilated 
capillaries  within  the  dilated  areas ;  the  velocity  of  the  blood-stream  is  of  course 
dimmished,  and  the  blood-pressure  increased.  The  pulse  is  also  felt  more  easily, 
because  the  blood-vessels  are  dilated.  Owing  to  the  increase  of  the  blood-stream,  the 
blood  may  flow  from  the  veins  almost  arterial  (bright  red)  in  its  characters,  and  the 
pulse  may  even  be  propagated  into  the  veins,  so  that  the  blood  spouts  from  them 
(U.  Bernard).  Stimulation  of  the  peripheral  end  of  a  vaso-motor  nerve  causes 
the  opposite  results— pallor,  owing  to  contraction  of  the  vessels,  diminished 
transudation,  and  fall  of  the  temperature  on  the  surface.  The  smaller  arteries 
may  contract  so  much  that  their  lumen  is  almost  obliterated.  Continued  stimulation 
ultimately  exhausts  the  nerve,  and  causes  at  the  same  time  the  phenomena  of 
paralysis  of  the  vascular  wall. 

otWpS?  ^.««^^t«'T-The  immediate  results  of  paralysis  of  the  vaso-motor  nerves  lead  to 
b  on  1  Z  ll  '  Pf^'^Vf «  of  the  muscles  of  the  blood-vessels  must  lead  to  congestion  of  the 
morP  ZiW  P^'i  i  "^T  '°  *h^*  the  parts  in  contact  with  the  air  cool 

the  t^^L.  ^'^'^'^^V'"  ^-'^Se  ol  incrcasc  of  the  temperature  may  be  followed  by  a  fall 
of  the  temperature.    The  ear  of  a  rabbit  with  the  sympathetic  divided,  after  several  weeks 
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liocoiiies  cooler  than  the  ear  on  the  soiiml  one.  If  in  man  the  motor  muscular  nerves,  a.s  well 
as  the  vaso-motor  fibres,  are  paralysed,  then  the  paraly-sed  limb  Ijecomes  cooler,  becauBe  the 
paraly.sed  muscles  no  longer  contract  to  aid  in  the  production  of  heat  338),  and  also  because 
the  dilatation  of  the  muscular  arteries,  which  accompanies  a  muscular  contraction,  is  absent. 
Should  atrophy  of  the  paralysed  muscles  set  in,  the  blood-vessels  also  become  smaller.  Hence, 
paralysctl  limbs  in  man  generally  become  cooler  as  time  goes  on.  The  jn-imary  eifect,  however, 
in  a  limb,  e.g.,  after  section  of  the  sciatic  or  lesion  of  the  brachial  plexus,  is  an  increase  of  the 
temperature. 

If,  at  the  same  time,  the  vaso-motor  nerves  of  a  large  area  of  the  skin  be 
paralysed,  e.c/.,  the  lower  half  of  the  body  after  section  of  the  spinal  cord,  then  so 
much  heat  is  given  off  from  the  dilated  blood-vessels  that,  either  the  warming  of  the 
skin  lasts  for  a  very  short  time  and  to  a  slight  degree,  or  there  may  be  cooling 
at  once.  Some  observers  (Tschetschichin,  Naunyn,  Quincke)  observed  a  rise  of  the 
temperature  after  section  of  the  cervical  spinal  cord,  but  Riegel  did  not  observe  this 
increase. 

2.  Effect  on  the  Temperature  of  the  Body. — Stimulation  or  paralysis  of 
the  vaso-motor  nerves  of  a  small  area  has  practically  no  effect  on  the  general 
temperature  of  the  body.  If,  however,  the  vaso-motor  nerves  of  a  considerable  area 
of  the  skin  be  suddenly  paralysed,  then  the  temperature  of  the  entire  body  falls, 
because  more  heat  is  given  ofi  from  the  dilated  vessels  than  under  normal  circum- 
stances. This  occurs  when  the  spinal  cord  is  divided  high  up  in  the  neck.  The 
inhalation  of  a  few  drops  of  amyl  nitrite,  which  dilates  the  blood-vessels  of  the 
skin,  causes  a  fall  of  the  temperature  {Sassetzki  and  Manasse'in).  Conversely, 
stimulation  of  the  vaso-motor  nerves  of  a  large  area  increases  the  temperature, 
because  the  constricted  vessels  give  ofE  less  heat.  The  temperature  in  fever  may 
be  partly  explained  in  this  way  (§  220,  4). 

The  activity  of  the  heart,  i.e.,  the  number  and  energy  of  the  cardiac  con- 
tractions, is  influenced  by  the  condition  of  the  vaso-motor  nerves.  When  a  large 
vaso-motor  area  is  paralysed,  the  blood-channels  are  dilated,  so  that  the  blood  does 
not  flow  to  the  heart  at  the  usual  rate  and  in  the  usual  amount,  as  the  pressure  is 
considerably  diminished.  Hence,  the  heart  executes  extremely  small  and  feeble 
contractions.  Strieker  observed  that  the  heart  of  a  dog  ceased  to  beat  on  extirpat- 
ing the  spinal  cord  from  the  1st  cervical  to  the  Sth  dorsal  vertebra.  Conversely, 
we  know  that  stimulation  of  a  large  vaso-motor  area,  by  constricting  the  blood- 
vessels, raises  the  arterial  blood-pressure  considerably.  As  the  arterial  pressure 
affects  the  pressure  within  the  left  ventricle,  it  may  act  as  a  mechanical  stimulus 
to  the  cardiac  wall,  and  increase  the  cardiac  contractions  both  in  number  and 
strength.    Hence,  the  circulation  is  accelerated  {Heidenhain,  Slavjanslcy). 

Splanchnic  —By  far  the  largest  vaso-motor  area  in  the  body  is  that  controlled  by  the 
splanchnic  nerves,  as  they  supply  the  blood-vessels  of  the  abdomen  (§  161)  ;  hence  stimulation 
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dirfor'theTameTeason  {C.Tuclwig  and  Thiry)  [see  §  S7].  The  capacity  of  the  vascular  system, 
depending  as  it  does  in  part  upon  the  condition  of  the  vaso-motor  nerves,  influences  the  body- 
weiciU  Stimulation  of  certain  vascular  areas  may  cause  the  rapid  excretion  of  water,  and  we 
may  thus  account  in  part  for  the  diminution  of  the  body-weight,  which  has  been  sometimes 
observed  after  an  epileptic  attack  terminating  with  polyuria  /sq.ot 

Trophic  disturbances  sometimes  occur  after  affections  of  the  vaso-motor  nerves  1.,  c>. 

Paralysis  of  the  vaso-motor  nerves  not  only  causes  dilatation  of  the  blood-vessels  and  local 
increase  of  the  blood-pressure,  but  it  may  also  cause  increased  ti-f»sudation  through  the  capil- 
laries  R  2031  When  the  active  contraction  of  the  muscles  is  abolished,  the  blood-stream  at 
the  same  tin  e  becomes  slower,  and  in  some  cases,  the  skin  becomes  Imd,  owing  to  the  venous 
cou'esUoii  There  is  a  diminution  of  the  normal  transpiration,  and  the  epidermis  may  be  dry 
Z^iTeel  off  ill  scales.  The  growth  of  the  hair  and  nails  may  be  affected  by  the  congestion  of 
blood,  and  other  tissues  may  also  sufier.  ,       ,      .      .  . 

Vaso  motor  Centres  in  the  Spinal  Cord.— Besides  the  dominating  centre 
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in  the  medulla  oblongata,  the  blood-vessels  are  acted  upon  by  local  or  subordinate 
oaso-motor  centres  in  the  grey  matter  of  the  spinal  cord,  as  is  proved  by  the  follow- 
ing observations  : — If  the  spinal  cord  of  an  animal  be  divided,  then  all  the  blood- 
vessels supplied  by  vaso-motor  nerves  below  the  point  of  section  are  paralysed,  as 
the  vaso-motor  fibres  proceed  from  the  medulla  oblongata.  If  the  animal  lives, 
the  blood-vessels  regain  their  tone  and  their  former  calibre,  while  the  rhythmical 
movements  of  their  muscular  walls  are  ascribed  to  the  subordinate  centres  in  the 
lower  part  of  the  spinal  cord  {Lister^  Goltz — §  362,  7). 

The  subordinate  spinal  centres  may,  further,  be  stimulated  directly  by  dyspnoeic  blood,  aud 
also  reflexly,  in  the  rabbit  and  irog  ( Ustimowitsch).  After  destruction  of  the  medulla  oblongata, 
the  arteries  of  the  frog's  web  still  contract  reflexly  when  the  sensory  nerves  of  the  hind  leg  are 
stimulated  {Putnam,  Nusshaum,  Vulpian).  In  the  dog,  opposite  the  3rd  to  6th  dorsal  nerve  is  a 
spinal  vaso-motor  centre  (origin  of  the  splanchnic),  which  can  be  excited  reflexly  [Smirnow), 
and  there  is  a  similar  one  in  the  lower  part  of  the  spinal  cord  ( Vulpian). 

If  the  lower  divided  part  of  the  cord  be  crushed,  the  blood-vessels  again  dilate, 
owing  to  the  destruction  of  the  subordinate  centres.  In  animals  which  survive  this 
operation,  the  vessels  of  the  paralysed  parts  gradually  recover  their  normal  diameter 
and  rhythmical  movements.  This  effect  is  ascribed  to  ganglia,  which  are  supposed 
to  exist  along  the  course  of  the  vessels.  [It  is  to  be  recollected  that  the  existence 
of  these  peripheral  nervous  mechanisms  has  not  been  proved.]  These  ganglia  [or 
peripheral  nervous  mechanisms]  might  be  compared  to  the  ganglia  of  the  heart,  and 
seem  by  themselves  capable  of  sustaining  the  movements  of  the  vascular  wall. 
Even  the  blood-vessels  of  an  excised  kidney  exhibit  periodic  variations  of  their 
calibre  (C.  Ltiduig  and  Mosso).  It  is  important  to  observe  that  the  walls  of  the 
blood-vessels  contract  as  soon  as  the  blood  becomes  highly  venous.  Hence,  the 
blood-vessels  offer  a  greater  resistance  to  the  passage  of  venous  than  of  arterial 
blood  (C.  Ludwig).  Nevertheless,  the  blood-vessels,  although  they  recover  part  of 
their  tone  and  mobility,  never  do  so  completely. 

The  effects  of  direct  mechanical,  chemical,  and  electrical  stimuli  on  blood-vessels  may  be  due 
to  then-  action  on  these  peripheral  nervous  mechanisms.  The  arteries  may  conti-act  so  much 
as  almost  to  disappear,  but  sometimes  dilatation  follows  the  primary  stimulus. 

I.ewaschew  found  that  limbs,  in  which  the  vaso-motor  fibres  had  undergone  degeneration, 
reacted  like  intact  limbs  to  variations  of  temperature  ;  heat  relaxed  the  vessels,  and  cold  con- 
stricted them.  It  is,  however,  doubtful  if  the  variations  of  the  vascular  lumen  depend  upon 
the  stimulation  of  the  peripheral  nervous  mechanisms.  Amyl  nitrite  and  digitalis  are  supposed 
to  act  on  those  hypothetical  mechanisms. 

The  pidsatincj  veins  in  the  bat's  wing  still  continue  to  beat  after  section  of  all  their  nerves, 
which  is  in  favour  of  the  existence  of  local  nervous  mechanisms  {Luchsinger,  ScMff). 

Influence  of  the  Cerebrum.— The  cerebrum  influences  the  vaso-motor 
centre,  as  is  proved  by  the  sudden  pallor  that  accompanies  some  psychical  con- 
ditions, such  as  fright  or  terror.  There  is  a  centre  in  the  grey  matter  of  the 
cerebrum  where  stimulation  causes  cooling  of  the  opposite  side  of  the  body. 

Although  there  is  one  general  vaso-motor  centre  in  the  medulla  oblongata,  which 
influences  cdl  the  blood-vessels  of  the  body,  it  is  really  a  complex  composite  centre, 
consisting  of  a  numher  of  closely  aggregated  centres,  each  of  which  presides  over  a 
particular  vascular  area.  We  know  something,  e.g.,  of  the  hepatic  (5  175)  and  renal 
centres  (§  276). 

Many  poisons  excite  the  vaso-motor  nerves,  such  as  ergotin,  tannic  acid,  copaiba,  aud  cubebs  : 
others  first  excite  and  then  paralyse,  e.g.,  chloral  hydrate,  morphia,  laudanosin,  veratrin, 
mcotin.  Calabar  bean,  alcohol:  others  rapidly  paralyse  them,  e.g.,  amyl  nitrite,  CO  (§  17) 
atropm,  mnscarin.  'The  paralytic  action  of  the  poison  is  proved  by  the  fact  that,  after  section 
01  the  vagi  and  accelerantes,  neither  the  pressor  nor  the  depressor  nerves,  when  stimulated, 
produce  any  effect.    Many  pathological  infective  agents  affect  the  vaso-motor  nerves. 

The  veins  are  also  influenced  by  vaso-motor  nerves,  and  so  are  the  lymphatics 
but  we  know  very  little  about  this  condition.  ' 

Pathological.— The  angio-neuroses,  or  nervous  affections  of  blood-vessels,  form  a  most 
important  group  of  diseases.    The  parts  primarily  affected  may  be  either  the  peripheral  nervous 
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luocliaiiisms,  the  subordinate  centres  in  the  cord,  the  dominating  centre  in  the  medulla,  or  the 
grey  matter  of  the  cerebrum.  'J'lie  ellect  may  be  direct  or  rellex.  The  dilatation  of  the  vessels 
may  also  bo  duo  to  stimulation  of  vaso-dilator  nerves,  and  the  physician  nmst  be  careful  to 
distinguish  whether  the  result  is  duo  to  paralysis  of  the  vaso-constrictor  nerves  or  stimulation 
of  the  vaso-dilator  fibres. 

Angio-neirroseB  of  the  skin  occur  in  affections  of  the  vaso-motor  nerves,  either  as  a  diflfuse 
redness  or  pallor  ;  or  there  may  bo  circumscribed  all'ections.  Sometimes,  owing  to  the  stimula- 
tion of  individual  vaso-motor  nerves,  there  are  local  cutaneous  arterio-spasms  {Nolhnagel).  In 
certain  acute  febrile  attacks— after  previous  initial  violent  stinmlation  of  the  vaso-motor  nerves, 
especially  during  the  cold  stage  of  fever— there  may  be  diHerent  forms  of  paralytic  phenomena 
of  the  cutaneous  vessels.  In  some  cases  of  epilepsy  in  man,  Trousseau  observed  irregular,  red, 
angio-paralytic  patches  (ataches  cerebrales).  Continued  strong  stimulation  may  lead  to 
interruption  of  the  circulation,  which  may  result  in  gangrene  of  the  skin  and  deeper-seated 
parts  ( tVeiss). 

Hemicrania,  due  to  unilateral  spasm  of  the  branches  of  the  carotid  on  the  head,  is  accom- 
panied by  severe  headache  {Dw  Bois-Rcymond).  The  cervical  sympathetic  nerve  is  intensely 
stimulated— a  pale,  collapsed,  and  cool  side  of  the  face,  contraction  of  the  temporal  artery  like 
a  firm  whip-cord,  dilatation  of  the  pupil,  secretion  of  thick  saliva,  are  sure  signs  of  this  afiec- 
tion.  This  form  may  be  followed  by  the  opposite  condition  of  paralysis  of  the  cervical  sympa- 
thetic, where  the  effects  are  reversed.    Sometimes  the  two  conditions  may  alternate. 

Basedow's  disease  is  a  remarkable  condition,  in  which  the  vaso-motor  nerves  are  concerned  ; 
the  heart  beats  very  rapidly  (90  to  129-200  beats  per  minute),  causing  palpitation  ;  there  is 
swelling  of  the  thyroid  gland  (struma),  and  pro.iection  of  the  eyeballs  (exophthalmos),  with 
imperfectly  co-ordinated  movements  of  the  upper  eyelid,  whereby  the  plane  of  vision  is  raised 
or  lowered.  Perhaps  in  this  disease  we  have  to  deal  with  a  simultaneous  stimulation  of  the 
accelerans  cordis  (§  370),  the  motor  fibres  of  Miiller's  muscles  of  the  orbit  and  eyelids  (§  347,  I.), 
as  well  as  of  the  vaso-dilators  of  the  thyroid  gland.  The  disease  may  be  due  to  direct  stimula- 
tion of  the  sympathetic  channels  or  their  spinal  origins,  or  it  may  be  referred  to  some  reflex  cause. 
It  has  also  been  explained,  however,  thus,  that  the  exophthalmos  and  sti-uma  are  the  conse- 
quence of  vaso-motor  paralysis,  which  results  in  enlargement  of  the  blood-vessels,  while  the 
increased  cardiac  action  is  a  sign  of  the  diminished  or  arrested  inhibitory  action  of  the  vagus. 
All  these  phenomena  may  be  caused,  according  to  Filehne,  by  injury  to  the  upper  part  of  both 
restiform  bodies  in  rabbits.  .      .  ,  t  ^  a 

Visceral  Angio-neuroses.  — The  occurrence  of  sudden  hyperemia  mth  transudations  and 
ecchymoses  in  some  thoracic  or  abdominal  organs  may  have  a  neurotic  basis.  As  akeady 
mentioned,  injury  to  the  pons,  corpus  striatum,  and  optic  thalamus  may  give  nse  to  hyperaemia, 
and  ecchymoses  in  the  lungs,  pleura;,  intestines,  and  kidneys.  According  to  Brown-Sequard, 
compression  or  section  of  one-half  of  the  pons  causes  ecchymoses,  especially  m  the  lung  ot  Uie 
opposite  side  ;  he  also  observed  ecchymoses  in  the  renal  capsule  alter  injury  of  the  lumbar 
portion  of  the  spinal  cord  (§  379).  .  ' 

The  dependence  of  diabetes  meUitus  upon  injury  to  the  vaso-motor  nerves  is  referred  to  in 
§  175  ;  the  action  of  the  vaso-motor  nerves  on  the  secretion  of  unne  in  §  2/6 ;  and  lever  m  i^U. 

372  VASO-DILATOR  CENTEE  AND  NERVES.— Although  a  vaso-dilator 
centre  has  not  been  definitely  proved  to  exist  in  the  medulla,  still  its  existence  there 
has  been  surmised.  Its  action  is  opposite  to  that  of  the  vaso-motor  centre,  ihe 
centre  is  certainly  not  in  a  continuous  or  tonic  state  of  excitement.  The  vaso-diiator 
nerves  behave  in  their  functions  similarly  to  the  cardiac  branches  of  the  vagus ; 
both,  when  stimulated,  cause  relaxation  and  rest  {Scliif,  CI.  Bernard).  Hence, 
these  nerves  have  been  called  vaso-inliibitory,  vaso-hypotomc,  or  vaso-dilator 
nerves.  Dyspnceic  blood  stimulates  this  centre  as  well  as  the  vaso-motor  centre, 
so  that  the  cutaneoiis  vessels  are  dilated,  while  simultaneously  the  vessels  ot  the 
internal  organs  are  contracted  and  the  organs  ansemic,  owmg  to  the  stimulation  ot 
their  vaso-motor  centre  {Dastre  and  Moral).  Nicotin  is  a  powerful  excitant  ot  the 
vaso-dilator  nerves  (Ostroumof) ;  it  raises  the  temperature  of  the  loot  (dog),  and 
increases  the  formation  of  lymph  (Eogo^vicz).  i,  f   f  „o 

[The  existence  of  vaso-dilator  nerves  is  assumed  in  accordance  with  sucJi  tacts  as 
the  following :— If  the  chorda  tympani  be  divided,  there  is  no  change  in  the 
blood-vessels  of  the  sub-maxillary  gland  ;  but  if  its  peripheral  end  be  stimu  ated,  in 
addition  to  other  results  (§  145),  there  is  dilatation  of  the  b  ood-vessels  of  the  sub^ 
maxillary  gland,  so  that  its  veins  discharge  bright  florid  blood,  while  tbej^  spout 
like  an  artery.    Similarly,  if  the  nervi  erigentes  be  divided,  there  is  no  effect  on 
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the  blood-vessels  of  the  penis  (§  362,  4) ;  but  if  their  2->eripherai  ends  be  stimulated 
with  Faradic  electricity,  the  sinuses  of  the  corpora  cavernosa  dilate,  become  filled 
with  blood,  and  erection  takes  place  (§  436).  Other  examples  in  muscle  and  else- 
where are  referred  to  below.] 

Coiu-se  of  the  Vaso- dilator  Nerves. — To  sonio  orgaus  they  pass  as  special  nerves — to  other 
parts  of  the  body,  however,  they  proceed  along  with  the  vaso-niotor  and  otlier  nerves.  Accord- 
ino-  to  Dastro  and  llorat,  the  vaso-dilator  nerves  lor  the  biicco-labial  region  (dog)  pass  out  from 
the  cord  by  the  1st  to  the  3rd  dorsal  nerves,  and  go  through  the  rami  communicantes  into  the 
sympathetic,  then  to  the  superior  cervical  ganglion,  and  lastly  through  the  carotid  and  inter- 
carotid  plexus  into  the  trigeminus.  [The  fibres  occur  in  the  posterior  segment  of  the  ring  of 
Vieussens,  and  if  they  be  stimulated  there  is  dilatation  of  the  vessels  in  the  lip  and  cheek  on 
that  side  (p.  624).]  The  maxillary  branch  of  the  trigeminus,  however,  also  contains  vaso- 
dilator fibres  proper  to  itself  (Laffont).  In  the  grey  matter  of  the  cord,  there  is  a  special 
subordinate  centre  for  the  vaso-dilator  fibres  of  the  bucco-labial  region.  This  centre  may  be 
acted  on  reflexly  by  stimulation  of  the  vagus,  especially  its  pulmonary  branches,  and  even  by 
stimulating  the  .sciatic  nerve.  The  ear  receives  its  nerves  from  the  1st  dorsal  and  lowest  cervical 
canflion,  the  upper  limb  from  the  thoracic  portion,  and  the  lower  limb  from  the  abdominal 
porUon  of  the  sympathetic.  The  vaso-dilator  fibres  run  to  the  sub-maxillai7  and  sub-Ungual 
glands  in  the  chorda  tympani  (§  349,  4),  while  those  for  the  posterior  part  of  the  tongue  run 
in  the  glosso-pharyngeal  nerve  (§  351,  4 — Fulpian).  Perhaps  the  vagus  contains  those  for  the 
kidneys  (§  276).  Stimulation  oi  the  nervi  erigentes  pi-oceeding  from  the  sacral  plexus  causes 
dilatation  of  the  arteries  of  the  penis,  together  with  congestion  of  the  corpora  cavernosa  (§  436) 
(Eckhard,  Loven).  Eckhard  found  that  erection  of  the  penis  can  be  produced  by  stimulation  of 
the  spinal  cord  and  of  the  pons  as  far  as  the  peduncles,  which  may  explain  the  phenomenon  of 
priapism  in  connection  with  pathological  irritations  in  these  regions.  The  muscles  receive 
the  vaso-dilator  fibres  for  their  vessels  through  the  trunks  of  the  motor  nerves.  Stimulation 
of  a  motor  nerve  or  the  spinal  cord  causes  not  only  contraction  of  the  corresponding  muscles, 
but  also  dilatation  of  their  blood-vessels  (§  294,  II. — 0.  Ludioig  and  Sczelkow,  Hafiz,  Gaskcll) — 
the  dilatation  of  the  vessels  taking  place  even  when  the  muscle  is  prevented  from  shortening. 
[Gaskell  observed  under  the  microscope,  the  dilatation  produced  by  stimulation  of  the  nerve  to 
the  mylohyoid  muscle  of  the  frog.]  The  vaso-dilators  remain  medullated  up  to  their  terminal 
ganglion  (Gaskcll). 

The  vaso-dilators  (like  the  vaso-motors,  p.  676)  also  have  subordinate 
centres  in  the  spinal  cord ;  e.g.,  the  fibres  of  the  labio-buccal  region  at  the 
1st  to  3rd  dorsal  vertebrae.  This  centre  may  be  influenced  reflexly  through  the 
pulmonary  fibres  of  the  vagus,  and  also  through  the  sciatic  {Laffont,  Smimoiv). 
According  to  Holtz,  a  similar  centre  lies  in  the  lowest  part  of  the  cord. 

Goltz  showed  that,  in  the  nerves  to  the  limbs  (e.g.,  in  the  sciatic  nerve),  the  vaso-motor 
and  vaso-dilator  fibres  lie  side  by  side  in  the  same  nerve.  If  the  peripheral  end  of  this  nerve 
be  stimulated  immediately  after  it  is  divided,  the  action  of  the  vaso-constrictor  fibres  overcomes 
that  of  the  dilators.  If  the  peripheral  end  be  stimulated  4  to  6  days  after  the  section,  when  the 
vaso-constrictors  have  lost  their  excitability,  the  blood-vessels  dilate  under  the  action  of  the 
vaso-dilator  fibres.  Stimuli,  which  are  applied  at  long  intervals  to  the  nerve,  act  especially  on 
the  vaso-dilator  fibres;  while  tetanising  stimuli  act  on  the  vaso-motors.  The  latent  period  of 
the  vaso-dilators  is  longer,  ayid  they  core  more  easily  exhausted  than  the  vaso-motors  [Bowditch  and 
Warren).  The  sciatic  nerve  receives  both  kinds  of  fibres  from  the  sympathetic.  It  is  assumed 
that  the  peripheral  nervous  mechanisms  in  connection  with  the  blood-vessels  are  influenced  by 
both  kinds  of  vascular  nerves  ;  the  vaso-motors  (constrictors)  increase,  while  the  vaso-dilators 
diminish  the  activity  of  these  mechanisms  or  ganglia.  [It  is,  however,  possible  to  explain  their 
effects  by  supposing  that  they  act  directly  upon  the  muscular  fibres  of  the  blood-vessels,  without 
the  intervention  of  any  nervous  ganglionic  structures.] 

[Section  of  the  spinal  cord  high  up  in  the  neck  causes,  of  course,  a  great  fall  of  the  blood- 
pressure,  owing  to  the  division  of  the  vaso-motor  nerves.  In  the  dog  the  pressure  may  fall 
to  30-40  mm.  Hg.  After  isolation  of  the  cord,  in  rabbits  alone,  stimulation  of  the  central 
end  of  a  sensory  nerve  causes  a  rise  of  the  blood-pressure ;  in  dogs,  however,  under  the  same 
conditions,  the  blood-pressure/«Z?s.  Dyspureic  blood  also  causes  a  rise  of  the  blood-pressure, 
which  is  preceded  by  a  fall  {Ustimowitch).  This  reflex  fall  of  the  blood-pressure  takes  place 
after  section  of  the  splanchnics,  and  the  nerves  to  the  extremities,  but  it  does  not  take  place  if 
the  spinal  cord  be  divided  at  the  lumbar  or  lower  dorsal  region.  If  the  cord  be  divided  in  the 
lower  dorsal  region,  stimulation  of  the  brachial  plexus  has  no  efiect,  while  the  fall  occurs  after 
stimulation  of  the  central  end  of  the  sciatic.  These  experiments  indicate  that  the  vaso-dilator 
nerves  which  cause  the  fall  of  the  blood-pressure  arise  in  the  lower  part  of  the  spinal  cord 
(lumbar),  and  that  they  are  probably  contained  in  the  visceral  nerves  and  not  in  those  lor  the 
extremities  (Thayer  and  Pal).] 
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In  the  muscles  of  the  face,  paralysed  by  extirpation  of  the  facial  nerve,  stimula- 
tiou  of  the  ring  of  Vieussens  causes  pseudo-motor  contractions  of  these  muscles, 
just  as  stimulation  of  the  chorda  tympani  causes  such  contractions  in  the  paralysed 
tongue  (§  3J-9,  4),  after  section  of  the  hypoglossal  nerve  {lio(jowicz). 

In  analysing  the  vascular  phenomena  resulting  IVoni  ex])enments  on  these  nerves,  we  must 
be  very  careful  to  determine,  whether  tlie  dilatation  is  tlie  result  of  stimulation  uf  tJie  vaso- 
dilators, or  a  consequence  of  paralysis  of  the  vaso-constrictors.  Psychical  conditions  act  upon 
the  vaso-dilator  nerves — the' blush  of  shame,  which  is  not  confined  to  the  face,  but  may  even 
extend  over  the  whole  skin,  is  probably  due  to  stimulation  of  the  vaso-dilator  centre. 

Influence  on  Temperature.  — The  vaso-dilator  nerves  obviously  have  a  considerable  influence 
on  the  temperature  of  the  body  and  on  the  heat  of  the  individual  parts  of  the  body.  Both 
vascular  centres  must  act  as  important  regulatory  mechanisms  for  the  radiation  of  heat  through 
the  cutaneous  vessels  (§  214,  II.).  Probably  they  are  kept  in  activity  refle.xly  by  sensory  nerves. 
Disturbances  in  their  function  may  lead  to  an  abnormal  accumulation  of  heat,  as  in  fever  (§  220), 
or  to  abnormal  cooling  (§  213,  7).  Some  observers,  however,  assume  the  existence  of  an  in- 
tracranial "heat-regulating  centre  "  {Tschelschichin,  Naunyn,  Quincke).  According  to  Wood, 
separation  of  the  medulla  oblongata  from  the  pons  causes  an  increased  radiation  and  a  diminished 
]iroduction  of  heat,  due  to  the  cutting  off  of  the  influences  from  the  heat-regulatiug  centre  (§  377). 

373.  SPASM-CENTRE  —  SWEAT-CENTRE.  —  Spasm-Centre.  —In  the 

medulla  oblongata,  just  where  it  joins  the  pons,  there  is  a  centre,  whose  stimulation 
causes  general  spasms.  The  centre  may  be  excited  by  suddenly  producing  a  highly 
venous  condition  of  the  blood  ("asphyxia  spasms"),  in  cases  of  drowning  in 
mammals  (but  not  in  frogs),  sudden  anaemia  of  the  medulla  oblongata,  either  in 
consequence  of  hasmorrhage  or  ligature  of  both  carotids  and  subclavians  {Kussmaul 
and  Tenner),  and  lastly,  by  sudden  venous  stagnation  caused  by  compressing  the  veins 
coming  from  the  head.  In  all  these  cases,  the  stimulation  of  the  centre  is  due  to 
the  sudden  interruption  of  the  normal  exchange  of  the  gases.  When  these  factors  act 
quite  gradually,  death  may  take  place  without  convulsions.  Direct  stimulation  by 
means  of  chemical  substances  (ammonia  carbonate,  potash,  and  soda  salts,  &c.)  applied 
to  the  medulla,  quickly  causes  general  convulsions  {Pa2)ellier).  Intense  direct 
mechanical  stimulation  of  the  medulla,  as  by  its  sudden  destruction,  causes  general 
convulsions. 

Position.— Fothnagel  attempted  by  direct  stimulation  to  map  out  the  position  of  the  spasm- 
centre  in  rabbits  ;  it  extends  from  the  area  above  the  ala  cinerea  upwards  to  the  corpora  quad- 
rigemina.  It  is  limited  externally  by  the  locus  cceruleus  and  the  tuberculum  acusticum.  lu 
the  frog,  it  lies  in  the  lower  half  of  the  4th  ventricle  {Hcubel).  The  centre  is  affected  in  exten- 
sive reflex  spasms  (§  364,  6),  e.g.,  in  poisoning  with  strychnin  and  in  hydrophobia. 

Poisons.— Many  inorganic  and  organic  poisons,  most  cardiac  poisons,  nicotin,  picrotoxin, 
ammonia  (§  277),  and  the  compounds  of  barium  cause  death  after  producing  convulsions,  by 
acting  on  the  spasm-centre  {Robcr,  Heulel,  B'dhm). 

If  the  arteries  going  to  the  brain  be  ligatured  so  as  to  paralyse  the  medulla  oblongata,  then, 
on  ligaturing  the  abdominal  aorta,  spasms  of  the  lower  limbs  occur,  owing  to  the  anaemic 
stimulation  of  the  motor  ganglia  of  the  spinal  cord  {Sigm.  Mayer). 

Pathological— Epilepsy.— Schroeder  van  der  Kolk  found  the  blood-vessels  of  the  oblongata 
dilated  and  increased  in  cases  of  epilepsy.  Brown-Sequard  observed  that  injury  to  the  central 
or  peripheral  nervous  system  (spinal  cord,  oblongata,  peduncle,  corpora  quadrigemiua,  sciatic 
nerve)  of  guinea-pigs  produced  epilepsy,  and  this  condition  even  became  hereditary.  Stmiula- 
tion  of  the  cheek  or  of  the  face  "  epileptic  zone,"  on  the  same  side  as  the  injury  (spinal  cord), 
caused  at  once  an  attack  of  epilepsv;  but  when  the  peduncle  was  injured,  the  opposite  side 
must  be  stimulated.  Westphal  made  guinea-pigs  epileptic  by  repeated  light  blows  on  the  skulJ, 
and  this  condition  also  became  hereditary.  In  these  cases,  there  was  eflusion  of  blood  in  the 
medulla  oblongata  and  upper  part  of  the  spinal  cord  (§§  375  and  378,  I.).  Direct  stimulation 
of  the  cerebrum  also  produces  epileptic  convulsions.  Strong  electrical  stimulation  of  the  motor 
areas  of  the  cortex  cerebri  is  often  followed  by  an  epileptic  attack  (§  375).  [It  is  no  unfrequent 
occurrence  while  one  is  stimulating  the  motor  areas  of  the  cortex  cerebri  of  a  dog,  to  hnd  the 
animal  exhibiting  symptoms  of  local  or  general  epilepsj\] 

Sweat-Centre.'- A  dominating  centre  for  the  secretion  of  the  sweat  of  the 
entire  surface  of  the  body  (§  289,  II.)— with  subordinate  spinal  centres  (§  362,  8)— 
occurs  in  the  medulla  oblongata  {Adamkieivicz,  Marine,  Nawrocki).    It  is  double, 
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and  in  rare  cases  the  excitability  is  unequal  ou  the  two  sides,  as  is  manifested  by 
unilateral  perspiration  (§  289,  2). 

Poisons.— Calabar  bean,  nicotin,  picrotoxin,  camphor,  and  ammonium  acetate,  cause  a 
secretion  of  sweat  by  acting  directly  on  the  sweat-centre.    Muscarin  causes  local  stimulation  o 
the  peripheral  sweat- fibves-it  causes  sweating  of  the  hind  limbs  after  section  of  the  sciatic 
nerves     Atropin  arrests  the  action  of  muscann  {Olt,  Wood,  Field,  Nawrocki). 

rRegeneration  of  the  Spinal  Cord.— In  some  animals,  true  nervous  matter  is  reproduceii  alter 
part  of  the  spinal  cord  has  been  destroyed,  at  least  this  is  so  in  tritons  and  lizards  {H.  MiMcr). 
In  these  animals,  when  the  tail  is  removed,  it  is  reproduced,  and  Miiller  found  that  a  part  ol 
the  spinal  cord  corresponding  to  the  new  part  of  the  tail  is  reproduced.  Morphologically,  tlie 
elements  were  the  same,  but  the  spinal  nerves  were  not  reproduced,  while  physiologicaiJy,  tne 
new  nerve  substance  was  not  functionally  active  ;  it  corresponds,  as  it  were,  to  a  lower  stage  ot 
development.  According  to  Masius  and  Vanlair,  an  excised  portion  of  the  spinal  cord  of  a  frog 
is  reproduced  after  six  months  ;  while  Brown-Sequard  maintains  that  re-union  of  the  divided 
surfaces  of  the  cord  takes  place  in  pigeons  after  six  to  fifteen  months.  A  partial  re-union  is 
asserted  to  occur  in  dogs  by  Dentan,  N'aunyn,  and  Eichhorst,  although  Schieferdecker  obtained 
only  negative  results,  the  divided  ends  being  united  only  by  connective-tissue  [Schwalbe).] 

374.  PSYCHICAL  FUNCTIONS  OF  THE  BRAIN.— The  hemispheres  of 
the  cerebrum  are  usually  said  to  be  the  seat  of  all  the  psychical  activities.  Only 
when  they  are  intact  are  the  processes  of  thinking,  feeling,  and  willing  possible. 
After  they  are  destroyed,  the  organism  comes  to  be  like  a  complicated  machine,  and 
its  whole  activity  is  only  the  expression  of  the  external  and  internal  stimuli  which 
act  upon  it.  The  psychical  activities  appear  to  be  located  in  both  hemispheres,  so 
that  after  destruction  of  a  considerable  part  of  one  of  them,  the  other  seems  to  act 
in  place  of  the  part  destroyed.  [Objection  has  been  taken  to  the  term  the  "seat 
of  "  the  will  and  intelligence,  and  undoubtedly  it  is  more  consistent  with  what  we 
know,  or  rather  do  not  know,  to  say,  that  the  existence  of  volition  and  intelligence 
is  dependent  on  the  connection  of  the  cerebral  cortex  with  the  rest  of  the  brain.] 

[That  a  certain  condition  of  the  cerebral  hemispheres  is  necessary  for  the  manifestation  of  the 
intellectual  faculties,  is  admitted  on  all  hands  ;  for,  compression  of  the  brain,  e.g. ,  by  a  depressed 
fracture  of  the  skull,  aud  sudden  cessation  of  the  supply  of  blood  to  the  brain,  abolish  conscious- 
ness. The  intellectual  faculties  are  affected  by  inflammation  of  the  meninges  involving  the 
surface  of  the  brain,  the  action  of  drugs  affects  the  intellectual  and  other  faculties ;  but  while 
all  this  is  admitted  we  cannot  say  precisely  upon  what  parts  of  the  brain  ideation  depends.  The 
pre-frontal  area,  or  the  convolutions  in  front  of  the  ascending  frontal  supplied  by  the  anterior 
cerebral  artery,  are  sometimes  regarded  as  the  anatomical  substratum  of  certain  mental  acts. 
At  any  rate,  electrical  stimulation  of  these  parts  is  not  followed  by  muscular  motion,  and, 
according  to  Ferrier,  if  this  region  be  extirpated  in  the  monkey,  there  is  no  motor  or  sensory 
disturbance  in  this  animal ;  it  stiU  exhibits  emotional  feeling,  all  its  special  senses  remain,  and 
the  power  of  voluntary  motion  is  retained  ;  but,  nevertheless,  there  is  a  decided  alteration  in 
•the  animal's  character  and  behaviour,  so  that  it  exhibits  considerable  psychological  alterations, 
and,  according  to  Ferrier,  "  it  has  lost  to  all  appearance  the  faculty  of  attention  and  intelligent 
observation. "] 

Observations  on  Man. — Cases  in  which  considerable  unilateral  lesions  or  destruction  of  one 
hemisphere  have  taken  place,  without  the  psychical  activities  appearing  to  siifl'er,  sometimes 
occur.  The  following  is  a  case  communicated  by  Longet : — A  boy,  16  years  of  age,  had  his 
parietal  bone  fractured  by  a  stone  falling  on  it,  so  that  part  of  the  protruding  brain-matter  had 
to  be  removed.  On  reapplying  the  bandages,  more  brain-matter  had  to  be  removed.  After  18 
days  lie  fell  out  of  bed,  and  more  brain-matter  protruded,  which  was  removed.  On  the  35th 
day  he  got  intoxicated,  tore  off  the  bandages,  and  with  them  a  part  of  the  brain-matter.  After 
his  recovery,  the  boy  still  retained  his  intelligence,  but  he  was  hemiplegic.  Even  when  hath 
hemispheres  are  moderately  destroyed,  the  intelligence  appears  to  be  intact  ;  thus,  Trousseau 
describes  the  case  of  an  officer  whose  fore-brain  was  pierced  transversely  by  a  bullet.  There 
was  scarcely  any  appearance  of  his  mental  or  bodily  faculties  being  affected.  In  other  cases, 
destruction  of  parts  of  the  brain  peculiarly  alters  the  character.  We  must  be  extremely  careful, 
however,  in  forming  conclusions  in  all  such  cases.  [In  the  celebrated  "  American  crow-bar 
case  "  recorded  by  Bigelow,  a  young  man  was  hit  by  a  bar  of  iron  1^  inch  in  diameter,  which 
traversed  the  anterior  part  of  the  left  hemisphere,  going  clean  out  at  the  top  of  his  head.  This 
man  lived  for  thirteen  years  without  any  permanent  alterations  of  motor  or  sensory  functions  ; 
but  "the  man's  disposition  and  character  were  observed  to  have  undergone  a  serious  change. 
There  were,  however,  some  changes  which  might  be  referable  to  injury  to  the  frontal  region." 
In  all  cases  it  is  most  important  to  know  both  the  exact  site  and  the  extent  of  the  lesion.  Ross 
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points  out  that  the  characteristic  features  of  lesions  in  the  pre-frontal  cortical  region  are 
alfordcJ  by  "  psyohioal  ilistiubanccs,  consisting  of  denicntiu,  apathy,  and  sonmokucy."] 

Imperfect  development  of  the  cerebrum.— Microcephalia  and  hydroceplialus  yield  every 
result  between  diminution  of  the  psychical  activities  and  idiocy.  Extensive  iiiflammation, 
degeneration,  pressure,  aniumia  of  the  blood-vessels,  and  the  actions  of  many  poisons  produce 
the  same  cll'ect. 

Floxirens'  Doctrine. — Flourcns  assumed  that  the  whole  of  the  cerebrum  is  concerned  in 
every  psychical  process.  From  his  experiments  on  pigeons,  he  concluded  that,  if  a  small  part 
of  the  hemispheres  remained  intact,  it  was  sufficient  for  the  manifestation  of  the  mental 
functions  just  in  proportion  as  the  grey  matter  of  the  hemispheres  is  removed,  all  the 
functions  of  the  ccrebrunr  are  enfeebled,  and  when  all  the  grey  niatter  is  removed,  all  the 
functions  are  abolished.  According  to  this  view,  neither  the  different  faculties  nor  the  different 
perceptions  are  localised  in  special  areas.  Goltz  holds  a  somewhat  similar  view  to  that  of 
Flourens.  He  assumes  that  if  an  uninjured  part  of  the  cerebrum  remain,  it  can  to  a  certain 
extent  perform  the  functions  of  the  parts  that  have  been  removed.  This  Vulpian  has  called 
the  law  of  "functional  siibBtitution "  (loi  de  suppleance). 

The  Phrenological  doctrine  of  Gall  (t  1828)  and  Spurzheim  assumes  that  the  different 
mental  faculties  are  located  in  different  parts  of  the  brain,  and  it  is  assumed  that  a  large 
development  of  a  particular  organ  may  be  detected  by  examining  the  external  configuration  of 
the  head  (Cranioscopy). 

Removal  of  the  Cerel)rum. — After  the  removal  of  both  cerebral  hemispheres, 
in  most  animals,  every  voluntary  movement  and  all  conscious  impression  and 
sensory  perception  entirely  cease.  On  the  other  hand,  the  whole  mechanical  move- 
ments and  the  maintenance  of  the  equilibrium  of  the  movements  are  retained. 
The  maintenance  of  the  equilibrium  depends  upon  the  mid-brain,  and  is  regu- 
lated by  important  reflex  channels  (§  379). 

Sudden  cessation  of  the  circulation  in  the  brain,  e.g.,  by  decapitation,  is  followed  at  once  by 
cessation  of  the  mental  faculties.  "When  Hayem  and  Barrier  perfused  the  blood  of  a  horse 
through  the  carotids  of  a  decapitated  dog's  head,  the  head  showed  signs  of  consciousness,  and 
will  for  10  seconds,  but  not  longer. 

The  mid-brain  (corpora  quadrigemina)  is  connected  not  only  with  the  grey  matter 
of  the  spinal  cord  and  medulla  oblongata,  the  seat  of  extensive  reflex  mechanisms 
(§  367),  but  it  also  receives  fibres  coming  from  the  higher  organs  of  sense,  which 
also  excite  movements  reflexly.  The  corpora  quadrigemina  are  also  supposed  to 
contain  a  reflex  inhibitory  apparatus  (§  361,  2).  The  joint  action  of  all  these 
parts  makes  the  corpora  quadrigemina  one  of  the  most  important  organs  for  the 
harmonious  execution  of  movements,  and  this  even  in  a  higher  degree  than  the 
medulla  oblongata  itself  (Goltz).  Animals  with  their  corpora  quadrigemina  intact 
retain  the  equilibrium  of  their  bodies  under  the  most  varied  conditions,  but  they 
lose  this  power  as  soon  as  the  mid-brain  is  destroyed  (Goltz).  Christiani  locates  the 
co-ordinating  centre  for  the  change  of  place  and  the  maintenance  of  the  equilibrium, 
in  mammals,  in  front  of  the  inspiratory  centre  in  the  3rd  ventricle  (§  368). 

That  impressions  from  the  skin  and  sense-organs  are  concerned  in  the  maintenance  of  the 
equilibrium,  is  proved  by  the  following  facts  :— A  frog  without  its  cerebrum  at  once  loses  its 
power  .of  balancing  itself  as  soon  as  the  skin  is  removed  from  its  hind  limbs.  The  action  of 
impressions  communicated  through  the  eyes  is  proved  by  the  difhculty  or  impossibility  of 
maintaining  the  equilibrium  in  nystagmus  (§  350),  and  by  the  vertigo  which  often  accompanies 
paralysis  of  the  external  octilar  muscles.  In  persons  whose  cutaneous  sensibility  is  diminished, 
the  eyes  are  the  chief  organs  for  the  maintenance  of  the  equilibrium  ;  they  Jail  over  when  the 
eyes  are  closed.    [This  is  well  illustrated  in  cases  of  locomotor  ataxia  (p.  647).] 

Frog. — A  frog  with  its  cerebrum  removed  retains  its  power  of  maintaining  its 
equilibrium.  It  can  sit,  spring,  or  execute  compUcated  co-ordinated  movements 
when  appropriate  stimuli  are  applied:  when  placed  on  its  back,  it  immediately 
turns  into  its  normal  position  on  its  belly;  if  stimulated  it  gives  one  or  two 
springs,  and  then  comes  to  rest ;  when  thrown  into  water,  it  swims  to  the  margin 
of  the  vessel,  and  it  may  crawl  up  the  side,  and  sit  passive  upon  the  edge  of  the 
vessel.  When  incited  to  move,  it  exhibits  the  most  complete  harmony  and  unity 
in  all  its  movements.  Unless  it  is  stimulated,  it  never  makes  independent, 
voluntary,  purposive  movements.     It  sits  in  the  same  place  continually  as  if  m 
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ciPPn  it  takes  no  food,  it  has  no  feelings  of  hunger  and  thirst,  it  shows  no  symptoms 
J  f^e'a  fnd  ultimate  y,  if  left  alone,^t  becomes  desiccated  like  a  mummy  on  he 
«Lt  whei^  it  s  S.  [If  the  iianks  of  such  a  frog  be  stroked,  it  croaks  with  the 
TloltvegJlX  accirdin.  to  the  number  of  times  it  is  stroked.  Langendorff  has 
shown  that  a 
are  divided.  It 


to  the  number  of  times  it  is  stroked. 
fro<^  croaks  under  the  same  circumstances,  when  both  optic  nerves 
xvxuc.         seems  to  be  influenced  by  light;  for,  if  an  object  be  placed  in 
front  of  it 'so  as  to  throw  a  strong  «badow,  Jhen  on  stimuktin^^ 


spring  not  against  the  object,  a,  but  in  the 
that  if  a  glass  plate  be  substituted 
for  an  opaque  object  like  a  book, 
the  frog  always  jumps  against  this 
obstacle.  Its  balancing  move- 
ments on  a  board  are  quite  re- 
markable and  acrobatic  in  charac- 
ter. If  it  be  placed  on  a  board, 
and  the  board  gently  inclined  (fig. 
472),  it  does  not  fall  off,  as  a  frog 
with  only  its  spinal  cord  will  do, 
but  as  the  board  is  inclined,  so  as 


direction,  l>  (fig.  471). 


behaves  in  a  similar  manner  (fi^ 
as  if  in  sleep,  but  when  stimulated, 


471.  Fig.  472. 

Fif.  471. — Frog  without  its  cerebrum  avoidiug  an  ob- 
ject placed  in  its  path.  Fig.  472.— Frog  without  its 
cerebrum  moving  on  an  inclined  board  \Goltz). 

tTafterThe  anTmal's  centre  of  gravity,  it  slowly  crawls  up  the  board  until  its  equi- 
librium is  restored.  If  the  board  be  sloped  as  in  fig.  472,  it  will  crawl  up  until  it 
sits  on  the  edge,  and  if  the  board  be  still  further  tilted,  the  frog  will  move  as  indi- 
cated in  the  figure.  It  only  does  so,  however,  when  the  board  is  inclined,  and  it 
rests  as  soon  as  its  centre  of  gravity  is  restored.  It  responds  to  every  stimulus 
just  like  a  complex  machine,  answering  each  stimulus  with  an  appropriate  actioii.J 

A  pigeon  without  its  cerebral  hemispheres 
473).  When  undisturbed  it  sits  continuously, 
it  shows  complete  harmony  of  all  its 
movements ;  it  can  walk,  fly,  perch,  and 
balance  its  body.  The  sensory  nerves 
and  those  of  special  sensation  conduct 
impulses  to  the  brain ;  they  only  dis- 
charge reflex  movements,  but  they  do 
not  excite  conscious  impressions.  Hence, 
the  bird  starts  when  a  pistol  is  fired  close 
to  its  ear ;  it  closes  its  eyes  when  it  is 
brought  near  a  flame,  and  the  pupils  con- 
tract; it  turns  away  its  head  when  the 
vapour  of  ammonia  is  applied  to  its  nos- 
trils. All  these  impressions  are  not  per-  Fig.  473. 
ceived  as  conscious  perceptions.  The  Pigeon  with  its  cerebral  hemispheres  removed, 
perceptive  faculties — the  will  and  memory — are  abolished  ;  the  animal  never  takes 
food  or  drinks  spontaneously.  But  if  food  be  placed  at  the  back  part  of  its  throat 
it  is  swallowed  [reflex  act],  and  in  this  way  the  animal  may  be  maintained  alive 
for  months  (Floiirens). 

Fish  appear  to  behave  differently.  A  carp  with  its  cerebrum  removed  (fig.  483, 
VI.  1)  can  see  and  may  even  select  its  food,  and  seems  to  execute  its  movements 
voluntarily  (Steiner,  Vulpian). 

Mammals  (rabbit),  owing  to  the  great  loss  of  blood  consequent  on  removal  of  the 
cerebrum,  are  not  well  suited  for  experiments  of  this  kind.  Immediately  after  the 
operation  they  show  great  signs  of  muscular  weakness.  When  they  recover,  they 
present  the  same  general  phenomena ;  only  when  they  are  stimulated  they  run, 
as  it  were,  blindfold  against  an  obstacle.  Vulpian  observed  a  peculiar  shriek  or 
cry  which  such  a  rabbit  makes  under  the  circumstances.    Sometimes  even  in  man 
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a  peculiar  cry  is  emitted  in  some  cases  of  pressure  or  inflammation  rendering  the 
cerebral  hemispheres  inactive. 

Observations  on  somnambulists  show  that  in  man,  also,  complete  harmony 
of  all  movements  may  be  retained,  without  the  assistance  of  the  will  or  conscious 
impressions  and  perceptions.  As  a  matter  of  fact,  many  of  our  ordinary  movements 
are  accomplished  without  our  being  conscious  of  them.  They  take  place  under  the 
guidance  of  the  basal  ganglia. 

The  degree  of  intelligence  in  the  animal  kingdom  is  in  relation  to  the  size  of  the  cerebral 
liemispheres,  in  proportion  to  the  mass  of  the  other  parts  of  the  central  nervous  system.  Taking 
the  brain  alone  into  consideration,  we  observe  that  those  animals  liave  the  highest  intelligence 
ill  which  tlie  cerebral  hemispheres  greatly  exceed  the  nud-brain  in  weight.  The  mid-brain  is 
represented  by  the  optic  lobes  in  the  lower  vertebrates,  and  by  the  corpora  nuadrigemina 
in  the  higher  vertebrates.  In  fig.  483,  VI,  represents  the  brain  of  a  carp  ;  V,  of  a  frog  ; 
and  IV,  of  a  pigeon.  In  all  these  cases  1  indicates  the  cerebral  hemispheres  ;  2,  the  optic 
lobes  ;  3,  the  cerebellum  ;  and  4,  the  medulla  oblongata.  In  the  carp,  the  cerebral  hemi- 
spheres are  smaller  than  the  optic  lobes  ;  in  the  frog,  they  exceed  the  latter  in  size.  In 
the  pigeon,  the  cerebrum  begins  to  project  backward  over  the  cerebellum.  The  degree  of 
intelligence  increases  in  these  animals  in  this  proportion.  In  the  dog's  brain  (fig.  483,  II) 
the  hemispheres  completely  cover  the  corpora  cjuadrigemina,  but  the  cerebellum  still  lies 
behind  the  cerebrum.  In  man  the  occipital  lobes  of  the  cerebrum  completely  overlap  the 
cerebellum  (tig.  479).  [The  projection  of  the  occipital  lobes  over  the  cerebellum  is  due  to  the 
development  of  the  frontal  lobes  pushing  backwards  the  convolutions  that  lie  behind  them, 
and  not  entirely  to  increased  development  of  the  occipital  lobes.] 

Meynert's  Theory. — According  to  Meynert,  we  may  represent  this  relation  in  Another  way. 
As  is  known,  fibres  proceed  downwards  from  the  cerebral  hemispheres,  through  the  crusta  or 
basis  of  the  cerebral  peduncle.  These  fibres  are  separated  from  the  upper  fibres  or  tegmentum 
of  the  peduncle  by  the  locus  niger,  the  tegmentum  being  connected  with  the  corpora  quadrige- 
mina  and  the  oi^tic  thalamus.  The  larger,  therefore,  the  cerebral  hemispheres,  the  more 
numerous  will  be  the  fibres  proceeding  from  it.  In  fig.  461,  II,  is  a  transverse  section  of  the 
posterior  corpora  quadrigemiua,  with  the  aqueduct  of  Sylvius  and  both  cerebral  peduncles  of  an 
adult  man  ;  j),  p,  is  the  crusta  of  each  peduncle,  and  above  it  lies. the  locus  niger,  s.  Fig.  461, 
IV,  shows  the  same  parts  in  a  monkey ;  III,  in  a  dog ;  and  V,  in  a  guinea-pig.  The  crusta 
diminishes  in  the  above  series.  There  is  a  corresponding  diminution  of  the  cerebral  hemi- 
spheres, and,  at  the  same  time,  in  the  intelligence  of  the  corresponding  animals. 

Sulci  and  G-yri. — The  degree  of  intelligence  also  depends  upon  the  number  and  depth  of  the 
convolutions.  In  the  lowest  vertebrates  (fish,  frog,  bird)  the  furrows  or  sulci  are  absent  (fig. 
461,  IV,  V,  VI) ;  in  the  rabbit  there  are  two  shallow  fun-ows  on  each  side  (III).  The  dog  has 
a  completely  furrowed  cerebrum  (I,  II).  Most  remarkable  is  the  complexity  of  the  sulci  and 
convolutions  of  the  cerebrum  of  the  elephant,  one  of  the  most  intelligent  of  animals.  Is'ever- 
theless,  some  very  stupid  animals,  as  the  ox,  have  very  complex  convolutions. 

The  absolute  weight  of  the  brain  cannot  be  taken  as  a  guide  to  the  intelligence.  The 
elephant  has  absolutely  the  heaviest  brain,  but  man  has  relatively  the  heaviest  brain,  [^'^e 
ought  also  to  take  into  account  the  complexity  of  the  convolutions  and  the  depth  of  the  grey 
matter,  its  vascularity,  and  the  extent  of  anastomoses  between  its  nerve-ceDs.] 

Time  an  Element  in  all  Psychical  Processes. — Every  psychical  process  requires 
a  certain  time  for  its  occurrence — a  certain  time  always  elapses  between  the 
application  of  the  stimulus  and  the  conscious  reaction. 


Nature  of  Stimulus. 


Shock  on  left  hand. 
Shock  on  forehead, 
Shock  on  toe  of  left  foot, 
Sudden  noise,  .... 
Visual  impression  of  electric  spark. 
Hearing  a  sound. 

Current  to  tongue  causing  taste,  . 

Saline  taste,  .... 
Taste  of  sugar,  .... 

.,      acids,     .       .       .  • 

,,  quinine, 


Reaction  Time. 

Name  of  Otserver. 

•12 

Exner. 

•13 

Do. 

•17 

Do. 

•13 

Do. 

•15 

Do. 

•16 

Donders. 

•16 

I  v.  Vintschgau  and 
1  Honigschmied. 

•15 

Do. 

•16 

Do. 

•16 

Do. 

•23 

Do. 

REACTION  TIME. 
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T?paption  Time— This  time  is  known  as  "  rcacUun  lime,"  and  is  distinctly  longer  than  the 
^nTnle  reflex  time"  required  for  a  reflex  act.  It  can  be  measured  by  causing  the  person  expen- 
Sed  on  to  indicate  by  means  of  an  electrical  signal  the  moment  when  the  stnnnlusj  is 
Sed  The  reaction  time  consists  of  the  following  events  :-{l)  The  duration  of  perception 
!  wlien  we  become  conscious  of  the  impression  ;  (2)  the  duration  of  the  time  required  to 
Hirect  the  attention  to  the  impression,  i.e.,  the  duration  of  a-ppcrcc'ption  ;  and  (3)  the  duration  oj 
thewluntary  impulse,  together  with  (4)  the  time  required  for  conducting  the  impulse  in  the 
Iffereut  nerves  to  the  centre,  and  (5)  the  time  for  the  impulse  to  travel  outwards  in  the  motor 
riprves  If  the  sic^'nal  bo  made  with  the  hand,  then  the  reaction  time  for  the  impression  ot 
sound'is  0-136  to  0-167  second  ;  for  taste,  O'lo  to  0-23  ;  touch,  0-133  to  0-201  second  {Horsch, 

Vintschgau  and  Hmigschmicd);  for  olfactory  impressions,  which,  of  course,  depend  upon 
many  conditions  (the  phase  of  respiration,  current  of  air),  0-2  to  0-.5  second.  Intense  stimula- 
tion increased  attention,  practice,  expectation,  and  knowledge  of  the  kind  of  stimulus  to  be 
applied  all  diminish  the  time.  Tactile  impressions  are  most  rapidly  perceived  when  they  are 
applied' to  the  most  sensitive  parts  {v.  Vintschgau).  The  time  is  increased  with  very  strong 
stimuli  and  when  objects  difficult  to  be  distinguished  are  apphed  {v.  Melmholts  and  Baxt). 
The  time  required  to  direct  the  attention  to  a  number  consisting  of  1  to  3  figures,  Tigerstedt 
and  Ber^quist  found  to  be  0-015  to  0-035  second.  Alcohol  and  the  anaisthetics  alter  the  time  ; 
accordin'^  to  their  degree  of  action  thev  shorten  or  lengthen  it  (Kraplin).  In  order  that  two 
shocks  applied  after  each  other  be  distinguished  as  two  distinct  impressions,  a  certain  interval 
must  elapse  between  the  two  shocks— for  the  ear,  0-002  to  0-0075  second  ;  for  the  eye,  0-044  to 
0-47  second;  for  the  finger,  0-277  second.  .  .  ,  ,  ■ 

[The  Dilemma. — When  a  person  is  experimented  on,  and  he  is  not  told  whether  the  right  or 
left  side  is  to  be  stimulated,  or  what  coloured  disc  may  be  presented  to  the  eye,  then  the  time 
to  respond  correctly  is  longer.]  ,    ,  ,     r       ,  ^, 

[Drugs  and  other  conditions  affect  the  reaction  time.  Ether  and  chloroform  lengthen  it, 
while  alcohol  does  the  same,  but  the  person  imagines  he  really  reacts  quicker.  Noises  also 
lengthen  it.  ] 

In  sleep  and  waMng,  we  observe  the  periodicity  of  the  active  and  passive  conditions  of  the 
brain.  During  sleep,  there  is  diminished  excitability  of  the  whole  nervous  system,  which  is 
only  partly  due  to  the  fatigue  of  afferent  nerves,  but  is  largely  due  to  the  condition  of  the 
central  nervous  system.  During  sleep,  we  require  to  apply  strong  stimuli  to  produce  reflex  acts. 
In  the  deepest  sleep  the  psychical  or  mental  processes  seem  to  be  completely  in  abeyance,  so 
that  a  person  asleep  might  be  compared  to  an  animal  with  its  cerebral  hemispheres  removed. 
Towards  the  approach  of  the  period  when  a  person  is  about  to  waken,  psychical  activity 
may  manifest  itself  in  the  form  of  dreams,  which  differ,  however,  from  normal  mental 
processes.  They  consist  either  of  impressions,  where  there  is  no  objective  cause  (hallucinations), 
or  of  voluntai-y  impulses  which  are  not  executed,  or  trains  of  thought  where  the  reasoning  and 
judging  powers  are  distm-bed.  Often,  especially  near  the  time  of  waking,  the  actual  stimuli 
may  so  act  as  to  give  rise  to  impressions  which  become  mixed  with  the  thoughts  of  a  dream. 
The  diminished  activity  of  the  heart  (§  70,  3,  c),  the  respiration  (§  127,  4),  the  gastric  and 
intestinal  movements  (§  213,  4),  the  formation  of  heat  (§  216,  4),  and  the  secretions,  point  to 
a  diminished  excitability  of  the  corresponding  nerve-centres,  and  the  diminished  reflex  excita- 
bility to  a  corresponding  condition  of  the  spinal  cord.  The  pupils  are  contracted  during  sleej), 
the  deeper  the  latter  is ;  so  that  in  the  deepest  sleep  they  do  not  become  contracted  on  the 
application  of  light.  The  pupils  dilate  when  sensory  or  auditory  stimuli  are  applied,  and  the 
lighter  the  sleep,  the  more  is  this  the  case ;  they  are  widest  at  the  moment  of  awaking  {Plotke). 
[Hughlings  Jackson  finds  that  the  retina  is  more  antemic  than  in  the  waking  state.]  During 
sleep,  there  seems  to  be  a  condition  of  increased  action  of  certain  sphincter  muscles — those  for 
contracting  the  pupil  and  closing  the  eyelids  (Hoscnbach).  The  soundness  of  the  sleep  may  be 
determined  by  the  intensity  of  the  sound  required  to  waken  a  person.  Kohlschiitter  found  that 
at  first  sleep  deepens  very  quickly,  then  more  slowly,  and  the  maximum  is  reached  after  one 
hour  (according  to  Monninghoff  and  Priesbergen  after  If  hour)  ;  it  then  rapidly  lightens,  until 
several  hours  before  waking  it  is  very  light.  External  or  internal  stimuli  may  suddenly  diminish 
the  depth  of  the  sleep,  but  this  may  be  followed  again  by  deep  sleep.  The  deeper  the  sleep, 
the  longer  it  lasts.  [Durham  asserts  that  the  brain  is  aniemic,  that  the  arteries  and  veins  of 
the  pia  mater  are  contracted  during  sleep  and  the  brain  smaller  ;  but  is  this  cause  or  eflect  ?] 

The  cause  of  sleep  is  the  using  up  of  the  potential  energy,  especially  in  the  central  nervous 
system,  which  renders  a  restitution  of  energy  necessary.  Perhaps  the  accumulation  of  the  de- 
composition-products of  the  nervous  activity  may  al.so  act  as  producers  of  sleep  (lactates — 
Prcyer).  Sleep  cannot  be  kept  up  for  above  a  certain  time,  nor  can  it  be  interrupted  voluntarily. 
Many  narcotics  rapidly  produce  sleep.  [The  "diastolic  phase  of  cerebral  activitj', "  as  sleep  has 
been  called,  is  largely  dependent  on  the  absence  of  stimuli.  We  must  suppose  that  there  are 
two  factors,  one  central,  represented  by  the  excitability  of  the  cerebrum,  which  will  vary  under 
different  conditions,  and  the  other  external,  represented  by  the  impulses  reaching  the  cerebrum 
through  the  different  sense-organs.  We  know  that  a  tendency  to  sleep  is  favoured  by  removal 
of  external  stimuli,  by  shutting  the  eyes,  retiring  to  a  quiet  place,  &c.    The  external  sensory 
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impressions,  imleed,  influence  the  whole  metaholism.  Strumpell  describes  the  case  of  a  boy 
whoso  sensory  inlets  were  all  paralysed  except  one  eye  and  one  ear,  and  when  tliese  inlets  were 
closed  the  boy  foil  asleep,  showing  how  intimately  the  waking  condition  is  bound  up  with 
sensory  ad'eront  impulses  reaching  the  cerebral  centres.] 

[Hypnotics,  such  as  opium,  morphia,  KBr,  chloral,  are  drugs  which  induce  sleep.] 

Hypnotism,  or  Animal  Magnetism.— [Most  important  observations  on  this  subject  were  made 
by  Braid  of  Manchester,  whose  results  are  conlirmed  by  many  of  the  recent  re-discoveries  of 
Weinhold,  Ileidenhain,  and  others.]  Heidenhain  assumes  that  the  cause  of  this  condition  is 
duo  to  an  inhibition  of  the  ganglionic  cells  of  the  cerebrum,  produced  by  continuous  feeble 
stimulation  of  the  face  (slightly  stroking  the  skin  or  electrical  applications),  or  of  the  optic 
nerve  (as  by  gazing  steadily  at  a  small  brilliant  object),  or  of  the  auditory  nerve  (by  uniform 
sounds) ;  while  sudden  and  strong  stimulation  of  the  same  nerves,  especially  blowing  upon  the 
face,  abolishes  the  condition.  Berger  attributes  great  importance  [as  did  Carpenter  and  Braid 
long  ago]  to  the  psychological  factor,  whereby  the  attention  was  directed  to  a  particular  part  of 
the  body.  The  facility  with  wliich  diH'crcnt  persons  become  hypnotic  varies  very  greatly. 
When  the  hypnotic  condition  has  been  produced  a  number  of  times,  its  subsequent  occurrence 
is  facilitated,  e.g.,  by  merely  pressing  uj)on  the  brow,  by  placing  the  body  passively  in  a  certain 
position,  or  by  stroking  the  skin.  In  some  people  the  mere  idea  of  the  condition  sufliccs.  A 
hypnotised  person  is  no  longer  able  to  open  his  eyelids  when  they  are  pressed  together.  This 
is  followed  by  spasm  of  the  apparatus  for  accommodation  in  the  eye,  the  range  of  accommodation 
is  diminished,  and  there  may  be  deviation  of  the  position  of  the  eyeballs  ;  then  follow  phenomena 
of  stimulation  of  the  sympathetic  in  the  oblongata ;  dilatation  of  the  fissure  of  the  eyelids  and 
the  pupil,  exophthalmos,  and  increase  of  the  respiration  and  pulse.  At  a  certain  stage,  there 
may  be  a  great  increase  in  the  sensitiveness  of  the  functions  of  the  sense-organs,  and  also  of  the 
muscular  sensibility.  Afterwards  there  may  be  analgesia  of  the  part  stroked,  and  loss  of  taste ; 
the  sense  of  temperature  is  lost  less  readily,  and  still  later  that  of  sight,  of  smell,  and  of  hearing. 
Owing  to  the  abolition  or  suspension  of  consciousness,  stimuli  applied  to  the  sense-organs  do 
not  produce  conscious  impressions  or  perceptions.  But  stimuli  applied  to  the  sense-organs  of  a 
hypnotised  person  cause  movements,  which,  however,  are  unconscious,  although  they  sinmlate 
voluntarj'  acts.  In  persons  with  greatly  increased  reflex  excitability,  voluntary  movements 
may  excite  reflex  spasms ;  the  person  may  be  unable  to  co-ordinate  his  organs  for  speech. 

Types. — According  to  Grlitzuer,  there  are  several  forms  of  hypnotism  : — (1)  Passive  sleep, 
where  words  are  still  understood,  which  occurs  especially  in  girls  ;  (2)  owing  to  the  increased 
reflex  excitability  of  the  striped  muscles,  certain  groiops  of  muscles  may  be  contracted — a  condi- 
tion which  may  last  for  days,  especially  in  strong  people  ;  at  the  same  time  ataxia  may  occur, 
and  the  muscles  may  fail  to  perform  their  functions  (artificial  katalepsy).  During  the  stage  of 
lethargy  in  hysterical  persons,  the  tendon  reflexes  are  often  absent  {Charcot  aiid  Bicker) ;  (3) 
autonomy  at  call,  i.e.,  the  hypnotised  person — in  most  cases  the  consciousness  is  still  retained — 
obeys  a  command,  in  his  condition  of  light  sleep.  When  the  hand  is  grasped  or  the  head  stroked, 
he  executes  involuntary  movements— runs  about,  dances,  rides  on  a  stool,  and  the  like ;  (4) 
hallucinations  occur  only  in  some  individuals  when  they  waken  from  a  deep  sleep,  the  hallucina- 
tions (usually  consisting  of  the  sensation  of  sparks  of  tire  or  odours)  being  very  strong  and  well- 
pronounced  ;  (5)  imitation  is  rare,  ordinary  movements,  such  as  walking,  are  easily  imitated, 
the  finer  movements  occur  rarely.  The  "echo-speech"  is  produced  by  pressure  upon  the  neck, 
speaking  into  the  throat,  or  against  the  abdomen.  Pressure  over  the  right  eyebrow  often  ushers 
in  the  speech.  Colour-sensation  is  suspended  by  placing  the  Avarm  hand  on  the  eye,  or  by 
stroking  the  opposite  side  of  the  head  {Cohn).  Stroking  the  limbs  in  the  reverse  direction 
gradually  removes  the  rigidity  of  the  limbs  and  causes  the  person  to  waken.  Blowing  on  a  part 
does  so  at  once.  Insane  persons  can  be  hypnotised.  Disagreeable  results  follow  only  when  the 
condition  is  induced  too  often  and  too  continuously. 

Hypnotism  in  Animals. — A  hen  remains  in  a  fixed  position  when  an  object  is  suddenly  placed 
before  its  eyes,  or  when  a  straw  is  placed  over  its  beak,  or  when  the  head  of  the  animal  is  pressed 
on  the  ground  and  a  chalk  line  made  before  its  beak  (Kircher's  experimentum  mirabile,  1644). 
[Langley  has  hypnotised  a  crocodile.]  Birds,  rabbits,  and  frogs  remain  passive  for  a  time  after 
they  have  been  gently  stroked  on  the  back.    Crayfish  stand  on  their  head  and  claws  {Czcrnuxk). 

375.  STEUCTUEE  OF  THE  CEREBEUM— MOTOE  COETICAL  CENTRES. -[Cerebral  Con- 
volution.—A  vertical  section  of  a  cerebral  convolution  consists  of  a  thin  layer  of  grey  matter 
externally  enclosing  a  white  core  (fig.  478).  The  cortex  consists  of  cells  and  fibres  embedded 
in  a  matrix,  and  to  the  nerve-cells  nerve-fibres  proceed  from  the  white  matter.  The  nerve-cells 
of  the  cortex  vary  in  size,  form,  and  distribution  in  the  difiereut  layers  and  also  in  difl^erent 
convolutions.  Taking  such  a  convolution  as  the  ascending  frontal  or  motor-area  type,  we  ^t 
the  appearances  shown  in  fig.  474.  It  is  covered  on  its  surface  by  the  pia  mater  (1)  Ihe 
most  superficial  layer  is  narrow,  and  consists  of  much  neuroglia,  a  network  of  branched  nerve- 
fibrils  a  few  scattered  small  multipolar  nerve-cells,  and  a  layer  of  very  small  medullated  nerve- 
fibres  ■  (2)  a  layer  of  close-set  small,  angular,  or  short  pyratnidal  nerve-ccUs ;  (3)  the  tliickest 
layer  or  formation  of  the  cornu  ammonis,  consisting  of  many  layers  of  larger  pyramidal  cells, 


MOTOR  CORTICAL  CENTRES. 


687 


mmm 

mmm. 


mm 


4 


Fig.  474. 

Cortex  of  motor  area 
of  brain  of  monkey 
( X  150).  1,  super- 
ficial layer ;  2,  small 
angular  cells  ;  3,  py- 
ramidal cells  ;  4,  gan- 
glionic cells  and  cell- 
clusters  ;  5,  fusiform 
cells  {Ferr  ier,  after  Sevan 
Lewis). 


which  are  larger  in  the  deeper  than  in 
the  more  superficial  layers.  They  are 
not  so  closely  packed  together,  as  many 
granules  lie  between  thom.  At  the 
lowest  part  of  this  layer,  the  cells  are 
larger  than  elsewhere,  presenting  some 
resemblance  to  the  cells  of  the  anterior 
cornu  of  the  grey  matter  of  the  spinal 
cord.  By  some  it  is  described  as  a 
special  layer,  and  termed  the  ganglion- 
cell  layer.  This  layer  is  specially  well 
marked  in  those  convolutions  which 
are  described  as  containing  motor 
centres.  Amongst  the  large  cells  are  a 
few  small  angular-looking  cells,  which 
become  more  numerous  lower  down, 
and  from  (4)  a  narrow  layer  of  numer- 
ous small,  branched,  irregular,  gangli- 
onic cells— the  "  granular  formation  " 
of  Meynert.  In  the  motor  areas  mixed 
with  these  are  large  pyramidal  cells, 
disposed  in  groups  called  "cell-clus- 
ters." (5)  A  layer  of  spindle-shaped 
fusiform  branched  cells — the  claustral 
formation  of  Meynert — lying  for  the 
most  part  parallel  to  the  surface  of  the 
convolution.  No  layer  is  composed 
exclusively  of  one  form  of  cell.  The 
above  represents  the  motor  type.  Then 
follows  the  white  matter  (m),  consisting 
of  medullated  nerve-fibres,  which  run 
in  groups  into  the  grey  matter,  where 
they  lose  their  myelin.  The  fibres  are 
somewhat  smaller  than  in  the  other 
parts  of  the  nervous  system  (diameter 
inch),  and  between  them  lie  a  few 
nuclear  elements.] 

[In  the  sensory  type,  as  in  the  occi- 
pital lobe  (fig.  475),  the  first  and  second 
layers  are  not  unlike  the  corresponding 
layers  in  the  motor  type,  and  the  fusi- 
form cells  in  the  seventh  layer  also 
resemble  the  latter.  The  layer  of  pyra- 
midal cells  (3)  is  not  so  large,  while  its 
deeper  part,  sometimes  called  the  "gan- 
glion-cell layer,"  contains  no  large 
cells.  (5)  Between  the  t%o  is  (4)  a 
layer  wdth  numerous  angiilar  granule- 
like bodies  or  cells,  called  the  "  granule- 
layer."] 

[The  hippocampus  major  contains, 
besides  a  layer  of  neui'oglia  and  some 
white  matter  on  the  surface,  a  regular 
series  of  pjramidal  cells,  which  give  it 
a  characteristic  appearance.  This  is  the 
part  which  varies  most.  It  is  to  be  re- 
membered that  the  transition  from  one 
type  to  the  other  takes  place  gi'adually.] 
[Pyramidal  Cells  of  the  Cortex.— 
Each  cell  is  more  or  less  pyramidal  in 
shape,  giving  off  several  processes — [a) 
an  apical  process,  which  is  often  very 
long,  and  runs  towards  the  surface  of 
the  cerebrum,  where  it  is  said  to  ter- 
minate in  an  ovoid  corpuscle,  closely 
resembling  those  in  which  the  ultimate 
branches  of  Purkinje's  cells  of  the  cere- 
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Fig.  476. 
Cortex  of  occipital  lobe.  1 , 
superficial  layer ;  2,  small 
angular  cells  ;  3,  5,  pyra- 
midal cells  ;  4,  granule 
layer ;  6,  granules  and 
ganglionic  layer  ;  7, 
spindle-cells  [Fcrricr, 
after  Bcvaii,  Lewis). 
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belhini  oiul ;  (li)  tho  unbrauchod  median  basilar  process,  wliicli  is  an  axial  cylinder  process,  and 
becomes  continuous  with  the  axial  cyliiulei-  of  a  nerve-fibre  of  the  white  matter.    It  ultimately 


becomes  invested  by  myelin. 

a 


Pig.  476. 


((,•)  The  lateral  processes  uro  given  oil'  chieliy  near  the  base  of 
the  cell,  and  they  soon  branch  to 
form  part  of  tlie  ground  plexus  of 
librils  which  everywhere  pervades 
the  grey  matter.  ] 

Each  cell  is  surrounded  by  a 
lymph-space,  and  so  are  the  blood-  ' 
vessels,  in  the  latter  case  forming 
a  perivascular  space,  which  com- 
municates with  tho  pericellular 
lymjih-space,  ns  in  lig.  476. 

[Nerve-fibres  in  the  Cortex.— 
The  ordinary  methods  of  hardening 
the  brain  do  not  enable  us  to  detect 
Perivascular    and    pericellular  the  enormous  number  of  medul- 
lymph-spaces.     a,    capillary  lated    nei-ve-fibres  in   the  grey 
with  a  lymph-space  communi-  matter.    By  using  Exner's  osmic 
eating  with  the  pericellular  ^'^'^'^  method,  or  Weigert's  or  Pal's 
lymph-space  b,  round  the  cell  method,  we  obtain  such  a  result 
a  lymph-space  c,  containing  as  is  shown  in  fig.  477.    Under  the 
two  lymph-corpuscles,   x  150.  pia  (P)  is  a  layer  of  connective- 
tissue  (a)  devoid  of  nerve-fibres. 
Beneath  it  is  a  layer  (6)  occupying  about  the  half  of  the  outer 
layer,  which  is  almost  entirely  taken  up  by  medullated  nerve-fibres  ; 
most  of  these  are  fine,  but  a  few  of  them  are  coarse,  and  run  parallel 
to  the  surface  and  tangential  to  the  arc  of  the  outer  contour  of  the 
convolution.    Internal  to  this  is  a  layer  of  medullated  fibres  (c), 
which  cross  each  other  in  various  directions  ;  while  a  similar  net- 
work (d)  occurs  in  the  small-colled  layer.    (2)  In  the  layer  of  large 
pyramidal  cells  (3)  there  are  bundles  of  medullated  fibres,  running 
radially  (e) ;  but  at  the  lower  part  of  this  layer  there  is  a  very  dense 
network  (/),  forming  (in  a  Weigert's  preparation)  a  dense,  dark 
band,  corresponding  to  the  outer  layer  of  Baillanger.    In  the  layers 
marked  {g  and  h),  which  are  partlj'  in  the  third  and  partly  in  the 
fourth  cortical  layer,  tho  radial  arrangement  is  more  marked  and 
more  compact,  and  the  thick  fibres  are  more  numerous.    In  the 
middle  is  (A)  a  narrow  dense  network  corresponding  to  Baillanger's 
inner  layer.    The  lower  part  of  the  fourth  layer,  and  the  whole  of 
the  fifth,  are  occupied  by  i.    It  is  to  be  remembered,  that  all  the 
convolutions  do  not  present  exactly  the  same  structure  and  arrange- 
ment (Obersteiner).] 

[Variations. — The  grey  matter  differs  in  different  parts  of  the 
brain.  In  the  grey  matter  of  the  cornu  ammonis,  the  large  pyra- 
midal cells  of  (3)  make  up  the  chief  mass ;  in  the  claustrum  (4)  is 
most  abundant.  In  the  central  convolutions  (ascending  frontal 
and  parietal),  according  to  Betz,  Mierzejewski,  and  Bevan  Lewis, 
very  large  pyramidal  cells  are  found  in  the  lower  part  of  the  third 
layer.  Similar  cells  have  been  found  in  the  posterior  extremities 
of  the  frontal  convolutions  in  some  animals — the  posterior  parietal 
lobule,  and  para-central  lobule,  all  of  which  have  motor  functions. 
In  those  convolutions  which  are  regarded  ns  subserving  sensory 
functions,  a  somewhat  difl'erent  type  prevails,  e.g.,  the  occipital 
gyri  or  annectant  convolution  {B.  Lewis).  The  very  large  pyramidal  cells  are  absent,  while 
the  granule  layer  exists  as  a  well-marked  layer  between  the  layer  of  large  pyramidal  cells  and  the 
ganglion  cell -layer  (fig.  475).] 

[Fuchs  finds  that  there  are  no  medullated  fibres  either  in  the  cortex  or  medulla  until  the  end 
of  the  first  month  of  life.  The  medullated  fibres  appear  in  the  uppermost  layer  at  the  fifth 
month,  and  in  the  second  at  the  end  of  the  first  year,  the  radial  bundles  in  the  deeper  layers  at 
the  second  month.  The  medullated  fibres  increase  until  the  seventh  or  eighth  year,  when  they 
have  the  same  arrangement  as  in  the  adult.] 

[Blood-Vessels.— Tiie  adventitia  of  the  small  cerebral  vessels  contains  pigment  and  granular 
cells,  filled  with  oil-granules.  In  the  new-born  child,  the  blood-vessels  of  the  brain  arc  beset 
with  cells,  filled  with  fatty  granules.  Perhaps  the  granules  supply  part  of  the  material  for  the 
formation  of  the  myelin  sheath  on  the  nerve-fibres.  About  the  fifth  year,  the  fat  is  replaced 
by  a  yellow  pigment.    In  ndidts,  yellow  or  brown  glancing  pigmeut-grauules  are  found  m  the 


Fig.  477. 
Vertical  section  of  a  frontal 
convolution  (Weigert's 
method)  x  50.  P,  pia 
mater ;  1-5,  five  layers  of 
Meynert ;  a,  superficial 
layer  of  connective-tis- 
sue ;  b,  i,  successive  layers 
of  medullated  nerve- 
fibres  :  k,  white  matter. 


BLOOD-VESSELS  OF  THE  CEREBRUM. 


689 


adventitia  of  the  arteries.  lu  the  adveutitia  of  the  veins  tliero  is  no  pigment,  but  generally 
some  fat  The  "rey  matter  is  much  more  vascular  than  the  white,  and  when  injected,  a 
section  of  a  convolution  presents  the  appearance  shown  in  tig.  478.  The  nutritive  arteries 
consist  of— («)  the  long  mediillary  arteries  (1)  which  pass  from  the  pia  mater  through  the  grey 
matter  into  the  ceatraf  white  matter  or  centrum  ovale.  They  are  terminal  arteries,  and  do  not 
communicate  with  eacli  other  in  their  course;  thus,  they  supply  imlopendent  vascular  areas; 
nor  do  they  anastomose  with  any  of  the  arteries  derived  from  the  ganglionic  system  of  blood- 
vessels ;  12  to  15  of  them  are  seen  in  a  section  of  a  convolution,  (b)  The  short  cortical  nutritive 
arteries' (2)  are  smaller  and  shorter  than  the  foregoing.  Although  some  of  them  enter  the 
white  matter,  they  chiefly  supply  the  cortex,  where  they  form  an  open  meshed  plexus  in  the  first 
layer  («),  while  in  the  next  layer  (6)  the  plexus  of  capillaries  is  dense,  the  plexus  again  being 
wider  in  the  inner  layers  (c).] 

[Central  or  Ganglionic  Arteries. — From  the  trunks  constituting  the  circle  of  Willis  (fig.  m 
§  381),  branches  are  given  off,  which  pass  upwards  and  enter  the  brain  to  supply  the  basal  ganglia 
with  blood.  They  are  arranged  in 
several  groups,  but  they  are  all  ter- 
minal, each  one  supplying  its  own 
area,  nor  do  they  anastomose  with 
the  arteries  of  the  cortex.] 

Cerebral  Arteries. — From  a  prac- 
tical point  of  view,  the  distribution 
of  the  blood-vessels  of  the  brain  is 
important.  The  artery  of  the  Syl- 
vian fissure  supplies  the  motor  areas 
of  the  brain  in  animals  ;  in  man, 
the  precentral  lobule  is  supplied  by 
a  branch  of  the  anterior  cerebral 
artery  {Buret).  The  region  of  the 
third  left  frontal  convolution,  which 
is  connected  with  the  function  of 
speech,  is  supplied  by  a  special 
branch  of  the  Sylvian  artery.  Those 
areas  of  the  frontal  lobes  whose  in- 
jury results  in  disturbance  of  the 
intelligence,  are  supplied  by  the 
anterior  cerebral  artery.  Those 
regions  of  the  cortex  cerebri,  whose 
injury,  according  to  Ferrier,  causes 
hemian£esthesia,  are  supplied  by  the 
posterior  cerebral  artery. 

[In  connection  with  the  localisa- 
tion of  the  centres  in  the  cortex,  it 
is  important  to  be  thoroughly  ac- 
quainted with  the  arrangement  of 
the  cerebral  convolutions.  Each 
half  of  the  outer  cerebral  surface  is 
divided  by  certain  fissures  into  five 
lobes— frontal,  parietal,  occipital, 
temporo-sphenoidal,  and  central, 
or  island  of  Reil  (fig.  481).  The 
frontal  lobe  (fig.  479)  consists  of  three  convolutions,  with  numerous  secondary  folds  runnino- 
nearly  horizontal,  named  superior  (Fj),  middle  (F,),  and  inferior  (F3)  frontal  convolutions. 
Behind  these  is  a  large  convolution,  the  ascending  frontal  (A),  which  ascends  almost  vertically, 
immediately  behind  these— separated  from  them,  however,  by  the  prfecentral  fissure  (/o),  and 
mapped  off  behind  by  the  fissure  of  Rolando,  or  the  central  sulcus  (c).] 

[The  parietal  lobe  (fig.  479,  P)  is  limited  in  front  by  the  fissure  of  Rolando,  below  in  part  by 
the  Sylvian  fissure,  and  behind  by  the  parieto-occipital  fissure.  It  consists  of  the  ascendincr 
parietal  (posterior  central)  convolution  (fig.  479,  B),  which  ascends  just  behind  the  fissure  of 
Kolando,  and  parallel  to  the  ascending  frontal,  with  which  it  is  continuous  below  ;  above,  it 
becomes  continuous  with  the  superior  parietal  lobule  (Pj),  while  the  latter  is  separated  from  the 
inlerior  parietal  lobule  {"pli  courbc")  by  the  interparietal  sulcus.  The  inferior  parietal  lobule 
consists  ot  (a)  a  part  arching  over  the  upper  end  of  the  Sylvian  fissure,  the  supra-marginal 
convolutlou  (P  ),  which  is  continuous  with  the  superior  temporo-sphenoidal  convolution. 
Behind  IS  (i)  the  angular  gyrus  (P^'),  which  arches  round  the  posterior  end  of  the  parallel 
nssure,  and  becomes  connected  with  the  middle  temporo-sphenoidal  convolution.! 
[The  temporo-sphenoidal  or  temporal  lobe  (fig.  479,  .T)  consists  of  three  horizontal  coiivolu- 
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Fig.  478. 

1,  medullary  arteries  ;  and  1',  1',  in  groups  between  the 
convolutions  ;  2,  ^,  arteries  of  the  cortex  cerebri ;  a,  large 
meshed  plexus  in  first  layer  ;  b,  closer  plexus  in  middle 
layer ;  c,  opener  plexus  in  the  grey  matter  next  the  white 
substance,  with  its  vessels  {d). 
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tions — superior,  middle,  and  inferior — tlic  two  former  being  separated  by  tlie  parallel  sulcus, 
while  the  whole  lobe  is  mapped  oil'  i'rom  the  frontal  by  the  Sylvian  fissure  (S).] 

[The  occipital  lobe  (lig.  479,  0)  is  small,  forms  the  rounded  jwsterior  end  of  the  cerebrum, 
and  is  seiiaratcd  from  the  parietal  lobe  by  tlie  parieto-occipital  fissure,  which  lissure  is  bridged 
over  at  the  lower  part  by  the  four  annectant  gyri  {plis  de  passage  of  Gratiolet).  It  has  three 
convolutions— superior  (0,),  middle  (O.J,  and  inferior  (0;,)— on  its  outer  surface.] 

[The  central  lobe  or  island  of  Eeil,  consists  of  live  or  six  short,  straight  convolutions  (gyri 
opevti — fig.  481),  radiating  outwards  and  backwards  from  near  the  anterior  perforated  spot, 
and  can  only  be  seen  when  the  margins  of  the  Sylvian  lissure  are  pulled  asunder.  The 
operculum,  consisting  of  the  extremities  of  the  inferior  frontal,  ascending  parietal,  and  frontal 
convolutions,  lie  outside  it,  cover  it,  and  conceal  it  from  view.] 

[On  the  inner  or  mesial  surface  of  the  cerebrum  are— the  gyrus  fornicatuB  (fig.  480,  Gf),  or 
convolution  of  the  corpus  callosum,  which  runs  parallel  to  and  bends  round  the  anterior  and 


Fig.  479. 

Left  side  of  the  human  brain  (diagrammatic).    F,  frontal ;  P,  parietal;  0'  P^^^y. 
temporo-sphenoidal  lobe;  S,  fissure  of  Sylvius;  S'  horizontal  S',  f ^^"'l^V^S 
c,  sulcus  centa-alis,  or  fissure  of  Rolando  ;  A,  ascending  frontal,  and  .'^^^^^^^'^^P^S^e 
convolution;  Y„  superior,  F,,  middle,  and  F3,  inferior  frontal  -^i'. P  ' 

and  /„  infei'ior' frontal  fissures  ; /a,  sulcus  proecentralis  ;  P,  «"P";^''p^PXSr  ^-^ls '  iv 
inferior  parietal  lobule,  consisting  of  P„,  supra-margmal  gjTUS,  and  P, ,  "^Pf  \f      '  3' 
sulcus  iiterparietalis ;  cm,  termination  of  calloso -marginal  fissure  ;  Oi>     J  JJo,  secon^ 
•    O3,  third  occipital  convolutions;  1^0,  parietal-occipital  fissure  ;     .^'^''^J^^tl  ^^^o- 
fissure  ;  0.,  inferior  longitudinal  occipital  fissure  ;  T^,  f^rst,  T„  second,  T3,  thud  tempore 
sphenoidal  convolutions  ;  t^,  first,  t^,  second  temporo-sphenoidal  fissiues. 

posterior  extremities  of  the  corpus  callosum,  terminating  posteriorly  t^^-g'-^^ 
gyrus  hippocampi  (fig.  480,  H),  and  ending  anterior  y  in  a  crooked  ext  em  ty,  the  suwcuim 
™  ammonis  (fig.  480,  U).    Above  it  is  the  calloso-marginal  fissme  (tig.  480,  cm),  ana 

running 
fissure 

it  is  merely  the  mesial  aspect  of  the  ascending  parietal  convolution,    ihe  paiicto  oc  i 
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fissure  torminatos  below  in  the  calcarine  fissure  (fig.  480,  oc),  and  the  latter  runs  backwards  in 
the  occipital  lobe  dividing  it  into  two  branches,  ou',  oc".  Between  the  parieto-occipital  and 
calcarine  fissures  lies  the  wedge-shaped  lobule  termed  the  cuneus  (fig.  480,  Oz).  Tlie  calcarino 
fissure  indicates  on  the  surface  the  position  of  the  calcar  avis  or  hippocampus  minor,  in  the 
posterior  cornu  of  the  lateral  ventricle.  The  dentate  fissure  or  mlcus  hippucampi  (lig.  480,  7i) 
marks  the  position  of  the  elevation  of  the  hippocampus  major,  or  cornu  ammonis,  in  the  lateral 
ventricle.  The  temporo-Bphenoidal  lobe  terminates  anteriorly  in  the  uncinate  gyrus,  while, 
runnino-  along  the  former  and  the  occipital  lobes,  is  the  collateral  fissure  (occipito-temporal 
sulcus),  which  marks  tlio  position  of  the  eminentia  collateralis  in  the  descending  cornu  of  the 
lateral  ventricle,  while  it  also  separates  the  superior  from  the  inferior  temporo-occipital  con- 
volutions (T4  and  T5).]  • 

Motor  Centres. — In  1870  Fritsch  and  Hitzig  discovered  a  series  of  circum- 
scribed re£?ions  on  the  surface  of  the  cerebral  convolutions,  whose  stimulation 


Median  aspect  of 'the  right  hemisphere.  CC,  corpus  callosum  divided  longitudinally;  Gf, 
gyrus  fornicatus  ;  H,  gyrus  hippocampi;  h,  sulcus  hippocampi;  U,  uncinate  gyrus;  cm, 
calloso-marginal  fissure ;  F,  first  frontal  convolution  ;  c,  terminal  portion  of  fissure  of 
Kolando  ;  A,  ascending  frontal ;  B,  ascending  parietal  convolution  and  paracentral  lobule  ; 
P/,  praecuneus  or  quadrate  lobule ;  Oz,  cuneus  ;  Po,  parieto-occipital  fissure ;  o-^,  trans- 
verse occipital  fissure ;  oc,  calcarine  fissure ;  oc',  superior,  oc",  inferior  ramus  of  the  same  ; 
D,  gyrus  descendens ;  T4,  gyrus  occipito-tempoi'alis  lateralis  (lobulus  fusiformis);  Tg, 
gyi-us  occipito-temporalis  medialis  (lobulus  lingualis). 

by  means  of  electricity  causes  co-ordinated  movements  in  quite  distinct  groups  of 
muscles  of  the  opposite  side  of  the  body  (fig.  483,  I,  II). 

Methods— Stimulation.  — The  surface  of  the  cerebrum  is  exposed  in  an  animal  (dog,  monkey) 
by  removing  a  part  of  the  skull  covering  the  so-called  motor  convolutions  and  dividing  the 
dm-a  mater.  "When  the  convolutions  are  fully  exposed,  a  pair  of  blunt  non-polarisable  (§  328) 
needle  electrodes  are  applied  near  each  other  to  various  parts  of  the  cerebral  surface.  We  may 
employ  the  closing  or  opening  shock  of  a  constant  current,  or  the  constant  current  may  be 
rapidly  interrupted,  the  current  being  of  such  a  strength  as  to  be  distinctly  perceived  when  it  is 
appiiexl  to  the  tip  of  the  tongue  [Fritsch  and  Hitzig).  Or,  the  induced  current  may  be  used, 
n  ol°o^  ^"-l^}  ^  strength  that  it  is  readily  felt  when  applied  to  the  tip  of  the  tongue  {Ferrier, 
10  i  6).    I  he  cerebrum  is  completely  insensible  to  severe  operations  made  upon  it. 

The  areas  of  the  cerebral  cortex,  whose  stimulation  discharges  the  characteristic 
movements,  are  regarded  by  some  as  actual  centres,  because  the  reaction-time  after 
stimulation  of  the  centres  and  the  duration  of  the  muscular  contraction  are  longer 
than  when  the  subcortical  fibres  which  lead  towards  the  deeper  parts  of  the  brain 
are  stimulated.    Another  circumstance  favouring  this  view  is,  that  the  excitability 
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of  these  areas  is  inHuenced  by  the  stimulation  of  afferent  nerves  {Bubnoff  and 
Htidenhain).  It  may  be  tliat  these  centres  are  acted  upon  by  voluntary  impulses  in 
the  execution  of  voluntary  movements.  Hence,  they  have  been  called  imjdimiotor 
centres."    [At  any  rate,  these  areas  have  a  definite  relation  to  certain  motor  acts, 

and  perhaps  it  is  well  to  speak  of  them  as 
"  areas  of  representation  "  of  the  function  to 
which  they  are  related.]  The  motor  areas 
of  the  cerebrum  (dog,  cat,  sheep)  are  charac- 
terised by  the  presence  of  specially  large 
pyramidal  cells  (Betz,  Merzejewsky,  Bevan 
Lewis) ;  while  similar  cells  were  found  by 
Obersteiner  in  the  areas  marked  4  and  8  (fig. 
483),  and  Betz  found  them  in  the  ascending 
frontal  convolution  of  man,  in  the  third 
frontal  convolution,  and  in  the  island  of 
Reil.  O.  Soltmann  found  that  stimulation 
of  the  motor  areas  in  newly-born  animals  is 
without  result,  while  only  the  deeper  fibres 
of  the  corona  radiata  are  excitable. 

Modifying  Conditionfl. — In  the  condition  of  deep 
narcosis  produced  by  chloroform,  ether,  chloral, 
morphia,  or  in  apnoea,  the  excitability  of  the  centres 
is  abolished  (Schiff),  whilst  the  subcortical  con- 
ducting paths  still  retain  their  excitability  {Bubnoff 
and  Hcidenliain).  Small  doses  of  these  poisons 
and  also  of  atropin  at  first  increase  the  excitability 
of  the  centres.  Moderate  loss  of  blood  excites 
them ,  while  a  great  loss  of  blood  diminishes  and 
then  abolishes  the  excitability  {Munk  and  Orschan- 
Yia  481  Slight  inflammation  increases,  while  cooling 

Orbital  surface  of  the  left*  frontal  lobe  and  diminishes  the  excitability  If  the  cortex  cerebri 
the  island  of  Reil,  the  tip  of  the  temporo-  be  removed  m  animals  the  excitability  of  the 
sphenoidal  lobe  removed  to  show  the  fibres  of  the  corona  radiata  is  completely  abolished 
latter.    17,  convolution  of  the  margin  of  about  the  fourth  day,  just  as  in  the  case  of  a  pen 


pheral  nerve  separated  from  its  centre  (Albcrtoni, 
Dupioy,  Franck  and  Pitrcs). 

Stimulation  of  Subcortical  Parts. — Aa  the  fibres 
of  the  corona  radiata  converge  towards  the  centre 
of  the  hemisphere,  it  is  evident  that,  after  removal 
of  the  cortex,  stimulation  of  these  fibres  in  the 


the  longitudinal  fissure  ;  0,  olfactory  fis- 
sure, with  the  olfactory  lobe  removed  ; 
TR,  triradiate  fissure  ;  1"  and  1"',  con- 
volutions on  the  orbital  surface ;  1,1,1,1, 
under  surface  of  the  infero-frontal  con- 
volution; 4,  undersurface  of  the  ascending  t    'c        1,     •    T,       ;   .A  l„r 

frontal,  ^nd  5  of  the  ascending  parietal  1-?-^.^/!^!^^'?:?^^^.."  '^t 
convolutions  ;  C,  central  lobe  or  island. 


same  motor  results  {Gliky  and  Ecklmrd).  The 
stimulus  is  applied  merely  to  a  deeper  part  of  the 
motor  path.  If  the  stimulus  be  applied  to  parts  situated  still  more  deeply,  as  for  example  to 
the  internal  capsule,  general  contraction  of  the  muscles  on  the  opposite  side  is  the  result. 

Time  Relations  of  the  Stimulation. — According  to  Franck  and  Pitres,  the  time  which  elapses 
between  the  moment  of  stimulation  of  the  cortex  and  the  resulting  movement,  after  de- 
ducting the  period  of  latent  stimulation  for  the  muscles,  and  the  time  necessary  for  the  con- 
duction of  the  impulse  through  the  cord  and  nerves  of  the  extremities,  is  0-045  second. 
Heidenhain  and  Bubnoff  found  that,  during  moderate  morphia  narcosis,  when  the  stimulating 
current  was  increased  in  strength,  the  muscular  contraction  and  the  reaction-time  became 
shorter.  After  removal  of  the  cortex,  the  occurrence  of  the  muscular  contraction  from  the 
moment  of  stimulation  of  the  white  matter  is  diminished  i  to  J.  The  form  of  the  muscular 
contraction  is  longer  and  more  extended  when  the  cortex,  than  when  the  subcortical  paths,  are 
stimulated.  If  the  animal  (dog)  be  in  a  state  of  high  reflex  excitability,  these  differences  dis- 
appear ;  in  both  cases  the  contraction  follows  very  rapidly  {Bubnoff  and  Heidenhain).  If  the 
stimulus  be  very  strong  the  muscles  of  the  same  side  may  contract,  but  somewhat  laicr  than 
those  of  the  opposite  side.  If  the  motor  areas  for  the  fore  and  hind  limbs  be  stimulated 
simultaneously,  the  latter  contract  somewhat  after  the  former. 

Number  of  Stimuli.— If  40  stimuli  per  second  be  applied  to  a  motor  area,  then  the  corre- 
sponding muscles  yield  40  single  contractions  ;  while  with  46  single  stimuli  per  second  there 
results  sTcontinued  complete  contraction  {Franck  and  Pitrcs). 


In  one  and  the  same  annual, 
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the  same  number  of  stimuli  is  required  to  produce  a  continuous  contraction,  whether  the  cortical 
centre,  the  motor  nerve,  or  even  the  muscle  itself  be  stimulated.  With  very  feeble  stinuUi, 
summation  of  stimuli  takes  place,  for  the  muscular  contraction  only  begins  after  several  in - 
ettective  stimuli  have  been  applied.  [It  is  generally  held  that  the  rhythm  of  a  contracting 
muscle  is  the  same  as  the  rhythm  of  the  stimuli  applied  to  its  motor  nerve,  but  Scliater  and 
Horsley  contend  that  this  holds  good  for  rates  of  stimuli  to  about  10  or  12  per  second.^  Ihey 
find  that  the  same  is  tnie  for  the  cortex  cerebri,  corona  radiata,  and  medulla  spinalis,  viz.,  that 
the  muscular  response  does  not  vary  with  the  rhytlim,  i.e.,  number  of  stimuli  per  sec),  but 
that  the  rhj'thm  is  constant— about  10  per  sec. —and  independent  of  the  number  of  stimuli  per 
sec.,  provided  they  are  above  10  per  sec.  applied  to  these  parts.  Indeed,  all  voluntary  contrac- 
tions show  a  similar  rate  of  undulation  in  the  muscle-curve.  Perhaps  the  rhythm  of  the 
efferent  impulses  is  modified  iu  the  motor  nerve-cells  of  the  spinal  cord.] 

[The  matter,  as  regards  electrical  stimulation  of  the  cortex  cerebri,  resolves  itself 
into  this,  that  stimulation  of  certain  cortical  areas  alw^ays  causes  contraction  in 


Fig.  482. 

View  of  the  brain  from  above  (semi-diagrammatic).    S,,  end  of  ramus  of  the  Sylvian  fissure. 
The  other  letters  refer  to  the  same  parts  as  in  fig.  479. 

definite  muscles  or  groups  of  muscles,  resulting  in  definite  co-ordinated  movements 
on  the  opposite  side  of  the  body  ;  the  areas  have  been  called  "  motor  areas."  They 
have  been  mapped  out  and  ascertained  in  a  large  number  of  animals,  and  the 
question  comes  to  be — Are  there  similar  areas  in  man  1] 

Primary  Fissures  and  Convolutions  of  the  Dog's  Brain.  —The  position  of  the  motor  centres  in 
the  dogs  brain  is  indicated  in  fig.  483,  I  and  II.  The  dog's  brain  is  marked  by  two  "primary 
nssures,  viz.,  the  sulcus  cruciatus  (S),  which  intersects  the  longitudinal  fissure  at  a  right 
angle  at  the  junction  of  its  anterior  with  its  middle  third.  This  fissure  has  been  called  the 
sulcus Jrontahs,  or  the  fissura  coronalis.    The  second  primary  fissure  is  the  fossa  Sylvii  (F). 
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Fig.  483. 

I.rCerebmm  of  the  dog  from  above  ;  II,  from  the  side  ;  I,  II,  III,  IV,  the  four  primary  con 
volutions,— S,  sulcus  cruciatus  ;  F,  Sylvian  fossa;  u,  olfactory  lobe;  ojTtic  nerve;  I 
motor  area  for  the  muscles  of  the  neck  ;  2,  extensors  and  abductors  of  the  fore  limb ;  5 
flexors  and  rotators  of  the  fore  limb  ;  4,  the  muscles  of  the  hind  limb  ;  5,  the  facial 
muscles  ;  6,  lateral  switching  movements  of  the  tail ;  7,  retraction  and  abduction  of  th 
fore  limb  ;  8,  elevation  of  the  shoulder  and  extension  of  fore  limb  (movements  as  in  walk 
ino-)  ;  9,  9,  orbicularis  palpebrarum,  zygomaticus,  closure  of  the  eyelids.  II,  a,  a,  retrac 
tion  and  elevation  of  the  angle  of  the  mouth  ;  h,  opening  of  the  mouth  and  movements  c 
the  oral  centre  ;  c,  c,  platysma  ;  d,  opening  of  the  eye  ;  I,  t,  thermic  centre,  according  t 
Eulcnburg  and  Landois.  Ill,  cerebrum  of  the  rabbit  from  above  ;  IV,  cerebrum  of  th 
pigeon  from  above  ;  V,  cerebrum  of  the  frog  from  above  ;  VI,  cerebrum  of  the  carji  froi 
above— (in  all  these  o  is  the  olfactory  lobe  ;  1,  cerebrum  ;  2,  optic  lobe ;  3,  cerebellum 
4,  medulla  oblongata). 

Sylvii  (F).    The  second  convolution  (II)  runs  nearly  jiarallel  to  the  first.    The  fourth  primar 
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convolution  (IV)  bounds  the  longitudinal  fissure,  and  is  separated  from  its  ."'^f  f^'^WO^^^ 
convo  uuuu  v     ;  anteriorly  it  embraces  the  sulcus  cruciatus  (&),  so  that  it  is  mviuoa 

1  tTbv  this  sukura  p      the  gyrus  pr^vcruciatus  or  prajfrontalis,  lying  ni  front  of 
In    aid  t  e  vrus  po  t^  (poltfrontalis)  lying  behind  it.    The  third  primary  coii- 

*  I.H     fVl I   i  insi'f^^^^^  the  fourth.    Some  authoi's  count  the  convolutions    rom  the 

[ot  ii  tls^r  oErds.  In  lig.  483,  I  and  II,  the  .notor  areas  or  c.^  ar.  indica  ed 
w  Jots  on  tho  individual  primary  convolutions.  Wo  must  remember,  howevei,  tliat  tne 
c  n  o  are  nS  ni  r  points,  but  that  they  vary  in  si.e  from  that  of  a  pea  "l^^ards,  <u3Corf^^^^^^^^ 
?he  size  of  the  animal.    Motor  areas  have  been  mapped  out  m  the  brain  ot  the  monkey,  labbit, 

^VsSonoJ&otor  Centres  (Dog).-Fri^ 

motor  areas  whoso  position  may  be  readily  tound  on  referring  to  hg.  483  :— 1,  is  the  centie  tor 
Z  mcX'of  tZ  Lk;  2,  for  the  extensors  and  adductors  of  the /or«  3,  for  the  flexion 

Snl  Son  of  the  foJ-e  leg;  4,  for  the  movements  of  the  kind  Urab  M  Luciani  and 
Tamburini  resolved  into  two  antagonistic  centres  ;  5  for  the  muscles  of  the  face  or  tlie  iacial 
centre.  In  1873  Ferrier  discovered  the  following  additiona  centres  :-6,  for  the  lateral  sw  tch- 
in-  movements  of  the  tail;  7,  for  the  retraction  and  abduction  of  the  lore  limb  ;  8,  foi  the 
ekvation  of  the  shoulder  and  extension  of  the  fore  limb,  as  m  walking ;  the  area  mari  ed 
9  9  9  controls  the  movements  of  the  orbicularis  palpebrarum,  and  of  the  zygomaticus  (closure 
of  tiie  eyelids),  together  with  the  upward  movement  of  the  eyeball  and  narrowing  of  the  piipii. 
Stimulation  of  the  areas  a,  a  (fig.  II)  is  followed  by  retraction  and  elevation  ot  the  angle  of 
the  mouth,  with  partial  opening  of  the  month  ;  at  6,  Ferrier  observed  opening  of  the  mouth 
with  protrusion  and  retraction  of  the  tongue,  while  the  dog  not  unfrequently  how  ed.  He 
called  this  centre  the  "oral  centre."  Stimuktion  of  c  c  causes  retraction  of  the  angle  of  the 
mouth,  owing  to  the  action  of  the  platysma,  while  c'  causes  elevation  ot  the  angle  of  the  mouth 
and  of  one-half  of  the  face,  until  the  eye  may  be  closed,  just  as  in  9.  Stimulation  of  d  is 
followed  by  opening  of  the  eye  and  dilatation  of  the  pupil,  while  the  eyes  and  head  are  turned 
towards  the  other  side.  According  to  H.  Munk,  the  prefrontal  region  has  an  miluence  upon 
the  attitude  of  the  body  (?).  The  perineal  muscles  contract  when  the  gyrus  postcruciatus  is 
stimulated.  Stimulation  of  the  gyrus  prtecruciatus  on  its  anterior  and  sloping  aspect  causes 
movements  in  the  pharynx  and  larynx. 

The  position  of  the  individual  motor  areas  may  vary  somewhat,  and  they  may  be 
slightly  diflferent  on  the  two  sides  {Luciani  and  Tamburini). 

Strong  Stimuli.— If  the  stimulation  be  very  strong,  not  only  the  muscles  on 
the  opposite  side,  but  those  on  the  same  side,  may  contract.  These  latter  move- 
ments belong  to  the  class  of  associated  movements,  and  are  due  to  conduction 
through  commissural  fibres.  Those  muscles,  which  usually  (muscles  of  mastication) 
or  always  (muscles  of  eye,  larynx,  and  face)  act  together,  appear  to  have  a  centre 
not  only  in  the  opposite  but  also  in  the  hemisphere  of  the  same  side  (Bxner).  _  [All 
observers  have  found  that  stimulation  of  the  facial  centre  causes  identical  (associated) 
movements  on  both  sides  of  the  face,  so  that  both  sides  of  the  face  seem_  to  be 
represented  in  each  hemisphere.  Schafer  and  Horsley's  experiments  make  it  very 
probable  that  some  other  muscles,  e.(/.,  some  of  the  trunk  muscles,  pectorals,  and 
recti  abdominis,  are  represented  bilaterally  in  the  hemispheres.  This  is  an 
important  point  in  relation  to  recovery  after  the  supposed  destruction  of  a  centre, 
and  has  an  intimate  bearing  on  the  question  of  "  Substitution,"  in  reference  to  the 
restoration  of  nerve-function  (p.  682).] 

Mechanical  stimulation,  e.g.,  scraping  the  motor  areas  for  the  limbs,  produces 
movements  in  these  parts  (Luciani). 

Cerebral  Epilepsy. — It  is  of  great  practical  diagnostic  importance  to  ascertain  if 
stimulation  of  the  motor  areas  in  man,  due  to  local  diseases  (inflammation,  tumours, 
softening,  degenerative  irritation),  causes  movements.  [Hughlings-Jackson  has 
shown  that  local  diseases  of  the  cortex  may  cause  spasmodic  contractions  in  certain 
groups  of  muscles,  a  condition  known  as  "  Jacksonian  Epilepsy,"  and  he  explains 
in  this  way  the  occurrence  of  unilateral  local  epileptiform  spasms,  which  were 
observed  by  Ferrier  and  Landois  to  occur  after  inflammatory  irritation.]  Luciani 
observed  these  spasms  in  dogs,  and  sometimes  they  were  so  violent  and  general  as 
to  constitute  an  attack  of  epilepsy.  This  condition  became  hereditary,  and  the 
animals  ultimately  died  from  epilepsy  (§  373).    According  to  Eckhard,  epileptic 


696 


EFFECT  OF  STIMULI  ON  THE  MOTOE  CENTRES. 


attacks  are  never  produced  by  stimulation  of  the  surface  of  the  posterior  convolu- 
tions. 

Stroiif;  stivmilatiou  of  tbo  motor  rugioiiH  niiiy  give  rise  in  dogs  to  a  coiTii)lete  general  convul- 
sive epileptic  attack,  wliicli  usimlly  begins  with  contriictions  of  the  groujjs  of  muscles  specially 
related  to  tlie  stimulated  ceutro  {Fcrricr,  Enlenbimj  awl  Landois,  AlbcHoni,  Luciuni  and 
Tamlmrini) ;  then  often  ]iasses  to  the  corresponding  limb  of  the  opposite  side  (associated  move- 
ments) ;  and  lastly,  all  the  muscles  of  tlio  Ijody  are  thrown  into  tonic  and  then  into  clonic 
spasms.  The  opposite  side  of  the  body  has  been  observed  to  pass  into  spasm  from  below  up- 
wards, after  the  contractions  were  developed  in  the  other  side.  Tlio  spasmodic  excitement 
passes  from  centre  to  centre,  an  intermediate  motor  region  never  being  passed  over.  After  this 
condition  has  once  been  ])roduced,  the  slightest  stimulation  may  siillice  to  bring  on  a  new 
epileptic  attack  (§  373).  During  the  attack,  the  cerebral  circulation  is  accelerated.  According 
to  Eckhard  and  Danillo,  epileptic  attacks  cannot  be  discharged  from  the  posterior  part  of  the 
cerebrum  by  means  of  weak  currents.  Stimulation  of  the  Bubcortical  white  matter  cau.ses 
epilepsy,  which,  however,  begins  in  the  muscles  of  the  same  side  {Bubmff  and  Eeidcnluiin). 
These  contractions  are  due  to  an  escape  of  the  electrical  current,  which  thus  reaches  the  medulla 
oblongata  (§  373). 

If  certain  motor  areas  are  extirpated,  the  epileptic  attack  is  absent  from  the  muscles  con- 
trolled by  these  areas  {Luciani).  Separation  of  the  motor  cortical  area  by  means  of  a  horizontal 
section  during  au  attack  cuts  short  the  latter  {Munk).  During  an  epilejjtic  attack  it  is  possible 
to  excise  the  motor  area  of  one  extremity,  and  thus  exclude  this  limb  from  the  attack  whilst  the 
rest  of  the  body  is  convulsed. 

Drugs. — The  continued  use  of  potassium  bromide  prevents  the  production  of  epilepsy  on  stimu- 
lating the  cortical  areas. 

Chemical  Stimulation. — Substances  such  as  occur  in  urine,  e.g.,  kreatinin, 
kreatin,  acid  potassic  phosphate,  and  sediment  of  urates,  when  sprinkled  on  the 
motor  areas  of  the  dog,  cause  pronounced  eclampsic,  clonic  convulsions,  which  recur 
spontaneously,  and  are  followed  by  deep  coma.  These  symptoms  are  like  those  of 
urtemic  poisoning.  The  sensory  centres,  especially  that  for  vision,  seem  also  to  be 
afifected  by  chemical  stimulation  {Landois). 

[Motor  Centres  in  the  Monkey. — Ferrier  has  mapped  out  a  large  number 
of  centres  on  the  outer  surface  of  the  brain  in  the  monkey,  and  to  each  centre  he 
has  given  a  number.  These  numbers  have  been  transferred  to  corresponding  con- 
volutions on  the  human  brain,  numbered  accordingly.  These  areas  are  specially 
distributed  on  the  convolutions  around  the  fissure  of  Eolando,  including  in  the 
monkey,  the  posterior  extremities  of  the  posterior  and  middle  frontal  convolutions, 
the  ascending  frontal,  ascending  parietal,  and  part  of  the  parietal  lobule.] 

[Fig.  484  represents  these  areas  transferred  to  the  corresponding  areas  in  man.  (1)  On  the 
superior  parietal  lobule  (advance  of  the  opposite  hind  limb,  as  in  walking).  (2),  (3),  (4)  Around 
the  upper  extremity  of  the  fissure  of  Eolando  (complex  movements  of  the  opposite  leg  and  arm, 
and  of  the  ti'unk,  as  in  swimming),  {a),  (6),  (c),  {d),  On  the  ascending  parietal  or  posterior 
central  convolution  (individual  and  combined  movements  of  the  fingers  and  wrist  of  the  opposite 
hand  or  prehensile  movements).  (5)  Posterior  end  of  the  superior  frontal  convolution  (exten- 
sion forward  of  the  opposite  arm  and  hand).  (6)  Upper  part  of  the  ascending  frontal  or  anterior 
central  convolution  (supination  and  flexion  of  the  opposite  fore-arm).  (7)  Middle  of  the  same 
convolution  (retraction  and  elevation  of  the  opposite  angle  of  the  mouth).  (8)  At  the  lower 
end  of  the  same  convolution  (elevation  of  the  ala  nasi  and  upper  lip,  and  depression  of  the 
lower  lip  on  the  opposite  side).  (9),  (10)  Broca's  convolution  (opening  of  the  mouth  with  pro- 
trusion and  retraction  of  the  tongue— aphasic  region).  (11)  Between  10  and  the  lower  end  of 
the  ascending  parietal  convolution  (retraction  of  the  opposite  angle  of  the  mouth,  the  head 
turns  towards  one  side).  (12)  Posterior  part  of  the  superior  and  middle  frontal  convolu- 
tions (the  eyes  open  widely,  the  pupils  dilate,  and  the  head  and  eyes  turn  towards  the 
opposite  side).  (13),  (13')  Supra-marginal  and  angular  gyrus  (the  eyes  move  towards  the 
opposite  side,  and  upwards  or  downwards— centre  of  vision).  (14)  Superior  teniporo-spheuoidal 
convolution  (pricking  of  the  opposite  ear,  pupils  dilate,  and  the  head  and  eyes  turn  to  the 
opposite  side— hearing  centre).] 

[Experiments  on  Monkeys. — Electrical  stimulation  of  the  anterior  part  of  the 
frontal  lobes  yields  negative  results ;  but  behind  the  anterior  end  of  the  sagittal 
limb  of  the  precentr^l  sulcus,  there  are  lateral  movements  of  the  head  and  eyes. 
If  the  anterior  third  or  fourth  be  removed,  Schiifer  and  Horsley  observed  no  motor 
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paralysis  nor  any  deficiency  of  general  or  special  sensibility.  Excitation  of  the 
external  surface  (motor  area)  led  Ferrier  to  map  out  the  areas  named  on  p.  69-5. 
Schiifer  and  Horsley's  experiments  agree  with  Ferrier's,  and  they  map  out  the 


Fig.  484. 

The  brain  with  the  chief  convolutions  (after  Eckcr).  See  also  figs.  498,  499  in  their  relation  to 
the  skull.  The  numbers  1  to  14,  and  the  letters  a  to  cl,  indicate  cortical  areas  (p.  696). 
S,  Sylvian  iissure  ;  C,  central  sulcus,  or  fissure  of  Eolando  ;  A,  anterior,  and  B,  posterior 
central  couvolutions  ;  Fj,  upper,  Fj,  middle,  and  F3,  lowest  frontal  convolutions  ; 
superior,  and  /j,  inferior  frontal  fissure  ;  /g,  sulcus  prfEcentralis  ;  Pj,  superior,  P,,  inferior 
parietal  lobe,  with  P„,  gyrus  supra-marginalis  ;  Pj^  gyrus  angularis  ;  ip,  sulcus  inter- 
parietalis  ;  cm,  end  of  calloso-marginal  fissure ;  Oj,  0^,  O3,  occipital  convolutions  ;  po, 
parieto-occipital  fissure ;  T^,  Tj,  T3,  temporo-sphenoidal  convolutions ;  K^,  K2,  K.,,  points  in 
the  coronal  suture  ;  4j,  A^,  in  the  lambdoidal  suture. 

motor  area  into  a  number  of  main  areas,  each  of  which  is  particularly  concerned 
with  the  movement  of  a  particular  part  or  limb,  and  in  some  of  which,  centres  con- 
cerned with  more  specialised  movements  may  be  marked  out.  The  arm-area  is 
roughly  triangular  (fig.  485),  and  "  occupies  most  of  the  upper  half  of  the  ascend- 
ing parietal  and  ascending  frontal  gyri,  from  a  little  beneath  the  level  of  the  sagittal 
part  of  the  precentral  fissure  below,  nearly  to  the  margin  of  the  hemisphere  above, 
together  with  the  adjacent  part  of  the  frontal  lobe  below  the  small  antero-posterior 
sulcus."  It  bends  round  and  is  continuous  with  a  part  of  the  marginal  gyi-us. 
The  special  movements  of  the  arm  are  indicated  in  fig.  485.] 

[The  face-area  gives  rise  not  only  to  movements  of  the  facial  muscles,  but  also  of 
the  whole  of  the  upper  end  of  the  alimentary  tube.    It  comprises  the  whole  of  the 


698 


MOTOK  CENTRES  IN  THE  MARGINAL  CONVOLUTION. 


ascending  parietal  and  frontal  convolutions  below  the  arm-area,  down  to  the  fissure 
of  Sylvius,  and  including  the  external  surface  of  the  operculum.] 

[The  head-area,  or  area  for  visual  direction,  comprises  part  of  the  frontal  lobe 
from  the  margin  of  the  hemisphere  to  the  face-area.  In  front  it  is  bounded  by  the 
non-excitable  part  of  the  frontal  lobe.  Its  stimulation  gives  the  results  obtained 
by  Ferrier  on  stimulating  his  No.  12  centre.  The  leg-area  is  partly  situate  on 
the  mesial  surface,  but  it  extends  over  to  the  external  surface  from  the  parieto- 
occipital fissure  nearly  to  the  level  of  the  anterior  end  of  the  small  sulcus  marked 
X.  The  trunk-area  scarcely  extends  over  the  margin  to  reach  the  external 
surface.] 

[Schafer  and  Horsley  have  extended  Ferrier's  researches,  and  shown  that  motor 
centres  exist  in  the  marginal  convolution  (fig.  486),  which  is  excitable  only  in 
that  portion  corresponding  in  extent  (antero-posteriorly)  to  the  excitable  portion 


Fig.  485.  I'ig-  486. 

Fig.  485.— Diagram  of  the  motor  areas  on  tbe  outer  surface  of  a  monkey's  brain  {Eorslerj  and 

ScMifar).    Fig.  486. — Diagram  of  the  motor  areas  on  the  marginal  convolution  of  a 

monkey's  brain  {Horsley  and  Schafer). 
of  the  outer  surface  of  the  hemisphere.  Anteriorly  it  reaches  forward  to  a  Hue 
which  is  opposite  the  junction  of  the  posterior  and  middle  thirds  of  the  superior 
frontal  convolution  (centre  12),  while  posteriorly  it  extends  backwards  opposite  to 
the  parietal  lobule,  including  the  paracentral  lobule,  which  contains  large  multipolar 
pyramidal  motor  cells.  The  rest  of  the  mesial  surface  is  excitable.  _  They  find  that 
the  centres  are  arranged  from  before  backwards  in  the  following  order: — (1) 
Movements  of  the  head— this  area  is  very  small,  and  belongs  to  the  large  head- 
area  on  the  external  surface ;  (2)  of  the  fore-arm  and  hand ;  (3)  of  the  arm_  at  the 
shoulder ;  (4)  of  the  upper  dorsal  part  of  the  trunk ;  (6)  of  the  leg  at  the  hip  ;  (7) 
of  the  lower  leg  at  the  knee ;  (8)  of  the  foot  and  toes.] 

Excitation  of  the  Area  AS  produces  movements  of  the  arm  (fig.  489).  These  vary  according' 
to  the  spot  stimulated,  but  towards  the  anterior  part  of  the  area,  movements  of  the  wrist  and 
fore-arm,  towards  the  posterior  part  movements  of  the  arm  and  shoulder,  are  more  Irequent  y 
the  result  of  the  excitation.  Excitation  of  Tr  produces  movements  of  the  ti-uuk,  generally 
archin"  and  rotation.  Those  movements  which  are  called  forth  by  stimulatmg  the  anterior 
part  of  the  area  are  usually  confined  to  the  upper  part  of  the  trunk  (thoracic  region),  and  are 
often  associated  with  movements  of  the  shoulder  and  arm  ;  those  called  forth  by  stimulating 
the  posterior  part  are  movements  of  the  abdominal  and  pelvic  regions  and  of  the  tail,  and  are 
often  associated  with  movements  of  the  hip  and  leg.  Excitation  of  the  area  L  produces  move- 
ments in  the  lower  limb.  These  vary  according  to  the  part  stimulated,  extension  of  the  hip 
being  especially  associated  with  excitation  of  the  anterior  part  ot  the  area,  and  contraction  ot 
the  hamstrings  with  excitation  of  the  middle  part.] 

[Do  similar  Centres  exist  in  Man?— The  results  of  clinical  and  pathological 
investigations  show,  that  similar  although  not  absolutely  identical  areas  exist  in 
man     The  motor  areas,  or  those  which  have  a  special  relation  to  voluntary  motion 
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in  man,  exist  in  part  on  the  convolutions  bounding  the  fissure  of  Rolando,  and 
occupy 'the  "central"  convolutions,  i.e.,  the  ascending  frontal  and  ascending 
parietal  convolutions  along  with  the  superior  parietal  lobule,  and  along  the  mesial 
surface  of  the  hemisphere,  the  paracentral  lobule  and  precuneus  (fig.  488).  In  this 
reo-ion  the  upper  third  of  the  ascending  frontal  and  parietal  convolutions  along 
wilh  tiie  superior  parietal  are  the  leg  area  (fig.  488,  leg),  the  middle  third  of  the 
ascendintj  parietal  and  ascending  frontal  for  the  arm,  and  the  upper  part  of  the 
lowest  third  of  these  convolutions  for  the  face,  while  the  very  lowest  part  of  the 
ascending  frontal  convolution  is  the  area  for  the  movements  of  the  lips  (L)  and 
tongue  (T).  (Compare  figs.  485,  490.)  The  last  area,  with  the  posterior  extremity 
of  the  third  left  frontal  convolution,  is  the  centre  for  voluntary  speech.  We  can- 
not say  whether  these  "  centres  "  are  sharply  mapped  off  from  each  other.  In  any 
case  a  very  strong  stimulation  of  one  centre  may  involve  an  adjacent  area.  So  far 
as  is  yet  known,  centres  Nos.  5  and  12,  as  represented -on  the  monkey's  brain— 
those  on  the  posterior  extremity  of  the  superior  and  middle  frontal  convolutions, — 
(5)  for  extension  forward  of  the  arm  and  hand,  and  (12)  for  opening  the  eyes  and 
turning  the  head  towards  the  opposite  side  (as  in  surprise),  are  not  represented  in 
the  human  brain.  So  accurately  have  certain  of  these  areas  been  located,  that 
surgeons,  in  suitable  cases,  have  been  able  to  excise  a  tumour  causing  certain 
symptoms,  with  relief  of  those  symptoms.] 

[We  may,  therefore,  assert  as  a  general  proposition  that  the  muscles  of  one 
lateral  half  of  the  body  are  regulated  by  certain  areas  in  the  opposite  cerebral 
hemisphere.] 

[Gowers  maintains  that  the  motor  region  is  not  exclusively  motor,  but  that  destruction  of  this 
area  also  leads  to  some  loss  of  sensation.  Starr  also  asserts  that  perceptions  occur  in  the  grey 
matter  of  the  cortex  of  the  ' '  central "  region'and  parietal  convolutions,  and  that  the  various  sensory 
areas  for  the  various  parts  of  the  body  lie  about,  and  coincide  to  some  extent  with,  the  motor 
various  areas  for  similar  parts,  but  the  sensory  area  is  more  extensive  than  the  rnotor  area, 
extending  into  the  parietal  behind  the  motor  area,  which  is  confined  to  the  ascending  frontal 
and  parietal  convolutions.] 

II.  Method  of  Destruction  or  Ablation  of  Parts  of  tbe  Cortex. — Much  confusion  in  this 
matter  has  arisen  from  comparing  the  results  obtained  on  animals  of  different  species.  [It  seems 
quite  certain  that  the  results  obtained  in  the  dog  are  quite  different  from  those  in  the  monkey. 
The  motor  areas  may  be  simply  excised  with  a  knife,  or  the  surface  of  the  brain  may  be  washed 
away  with  a  stream  of  water,  as  was  done  by  Goltz  in  dogs.] 

[In  the  dog,  the  areas  which  are  described  as  motor  may  be  removed  either  by  the  knife 
(Hermann)  or  by  means  of  a  stream  of  water  so  directed  as  to  wash  away  the  grey  matter 
{Goltz).  In  both  cases,  although  there  was  some  paralysis  on  the  opposite  side  of  the  body, 
this  was  but  temporary,  for  the  paralysis  disappeared  within  a  few  days,  the  animals  having 
very  decided  control  over  their  muscles,  although  Goltz  admits  that  certain  acts,  especially 
those  which  the  dogs  had  been  trained  to  execute,  e.g.,  giving  a  paw,  were  executed  "  clumsily," 
indicating  some  failure  of  complete  control,  which  Goltz  ascribed  to  loss  of  tactile  sensibility. 
Goltz  thinks  that  the  extent  of  the  injury  has  more  to  do  with  the  result  than  the  locality. 
The  restoration  of  motion  was  not  due  to  the  action  of  the  corresponding  centre  of  the  opposite 
side,  as  destruction  of  this  centre,  although  it  produced  the  usual  symptoms  on  the  side  which 
it  governed,  had  no  effect  on  the  previous  result  {Carville  and  Duret).'\ 

[In  the  monkey,  there  can  be  no  doubt  from  the  experiments  of  Ferrier  that 
destruction  of  a  motor  centre,  e.g.,  that  for  the  arm,  results  in  2^ermaneut  paralysis 
of  the  arm  of  the  opposite  side,  and  if  the  centres  for  the  arm  and  leg  are  destroyed, 
there  is  permanent  hemiplegia  of  the  opposite  side.  "  In  order  that  the  hemiplegia 
or  paraplegia  produced  by  cortical  ablation  shall  be  complete,  it  is  necessary  to 
include  the  part  of  the  marginal  gyrus  corresponding  in  longitudinal  extent  to  the 
excitable  areas  of  the  external  surface."  The  amount  of  paralysis  produced  by 
ablation  of  the  marginal  gyri  alone  is  as  great  as  that  caused  by  removal  of  the 
much  more  extensive  external  areas ;  but  the  complexity  of  the  muscular  move- 
ments which  are  governed  from  these  areas  is  much  greater  than  in  those  governed 
from  the  marginal  gyrus  {Sckdfer  and  Horslei/).] 
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[In  man,  records  of  destructive  lesions  of  the  motor  areas  in  whole  or  part  have 
now  accumulated  to  such  an  extent  as  to  leave  no  doubt,  that  if  there  be,  say,  a 
destructive  lesion  of  the  middle  third  of  the  cortex  of  the  ascending  frontal  and 
ascending  jiarietal  convolutions,  there  will  be  paralysis  of  the  arm  of  the  opposite 
side ;  and  the  same  is  true  for  the  other  centres.] 

[In  extirpation  or  ablation  of  the  motor  centres,  again,  much  confusion 
has  arisen  from  comparing  the  results  obtained  on  different  animals.  In  the  dog, 
there  is  no  permanent  motor  paralysis,  in  the  monkey  and  man  there  is.  The 
difference  is  this,  that  in  the  dog  the  lower  centres,  perhaps  the  basal  ganglia,  are 
able  to  subserve  the  execution  of  those  co-ordinated  movements  required  for  stand- 
ing, progression,  &c.  As  we  proceed  higher  in  the  animal  scale,  the  motor  cortical 
centres  assume  more  and  more  of  the  functions  subserved  by  the  basal  ganglia  in 
lower  animals.  There  is,  as  it  were,  a  gradual  displacement  of  motor  centres  to 
the  cortical  region,  as  we  ascend  in  the  zoological  scale.] 

Differences  in  Animals.— The  higher  the  development  of  the  intelligence  of  animals,  the 
more  have  their  niovoments  been  learned,  and  the  more  have  they  gradually  come  to  be  con- 
trolled by  the  will ;  in  them  the  disturbance  of  the  motor  phenomena  becomes  more  pronounced 
and  persistent  after  destruction  of  the  cortical  psychomotor  centres.  Whilst  in  the  lower 
vertebrates,  including  the  birds,  extirpation  of  the  whole  hemispheres  does  not  materially 
interfere  with  movements,  the  co-ordinated  reflex  movements  being  sufficient — in  dogs 
occasionally,  but  exceptionally,  extirjiation  of  several  motor  areas  produces  visible  permanent 
disturbance  of  motor  acts — and  in  monkeys  and  man  (§  378),  the  paralytic  phenomena  may  be 
intense  and  persistent. 

Acquired  Movements. — Among  the  movements  performed  by  men  are  many  which  have  been 
acquired  after  much  practice,  and  have  been  subjected  to  voluntary  couti'ol,  e.g.,  the  move- 
ments of  the  hands  for  many  manual  occupations.  After  a  lesion  of  certain  motor  areas,  such 
movements  are  reacquired  only  very  slowly  and  incompletely,  or  it  may  be  not  at  all.  [The 
interference  with  these  finer  acquired  movements  sometimes  becomes  very  marked  in  lesions  of 
the  motor  areas  produced  by  hsemorrhage,  and  in  some  cases  of  hemiplegia.]  Those  move- 
ments, however,! which  are,  as  it  were,  innate  [or  as  they  are  sometimes  termed  fundamental 
in  opposition  to  acquired],  and  are  under  the  control  of  the  will  without  much  practice — such 
as  the  associated  movements  of  the  eyes,  face,  some  of  those  of  the  limbs — are  either  rapidly 
restored  after  the  lesion,  or  they  appear  to  suffer  but  slightly  after  a  lesion  of  the  cerebral  cortex; 
the  facial  muscles  are  never  so  completely  paralysed  as  from  a  lesion  of  the  trunk  of  the  facial 
nerve  ;  usually  the  eye  can  be  closed  in  the  former  case.  The  movements  necessary  for  sucking 
have  been  performed  by  hemicephalic  infants. 

Theoretical. — Hitzig  ascribes  the  disturbance  of  movement,  after  the  removal  of  the  motor 
centres,  to  the  loss  of  the  "  muscular  sensibility."  Schiff  refers  it  to  the  loss  of  tactile  sensibility. 
According  to  Ferrier,  the  tactile  and  sensory  impressions  are  not  appreciably  diminished  or 
altered.  The  descending  degeneration  of  the  pyramidal  tracts  in  the  lateral  columns,  according 
to  Schiff,  occurs  after  section  of  the  posterior  half  of  the  cervical  spinal  cord,  or  even  after 
section  of  the  posterior  part  of  the  lateral  columns.  After  dividing  the  latter,  and  allowing 
secondary  degeneration  to  take  place,  it  is  not  possible  to  discharge  movements  by  stimulating 
the  cortex  cerebri.  [Schiff  divided  the  posterior  column  of  the  cord,  and  found  that  stimula- 
tion of  the  opjDosite  motor  cortex  failed  to  excite  movements  in  the  opposite  fore  limbs.  He 
supposed  that  this  result  was  due  to  ascending  degeneration.  Horsley  finds,  however,  that 
Schiff's  results  are  due  to  transverse  aseptic  mj'elitis  at  the  seat  of  operation,  thus  causing  a 
"block"  there  in  the  motor  tract]  The  posterior  columns,  and  their  continuation  upwards 
to  the  brain,  are  supposed  to  carry  the  impulses  upwards  to  the  cerebrum  (ascending  the 
limb  of  the  reflex  arc),  where,  after  being  modified  in  the  centres,  they  are  carried  outwards  by  the 
pyramidal  tracts  (descending  limb  of  the  reflex  arc).  [Some  hold  that  the  posterior  columns 
are  directly  connected  with  the  cortical  motor  area,  while  others  think  that  a  sensory  perceptive 
centre  is  interposed  between  the  afferent  and  efferent  impulses.]  Between,  but  deeper  in  the 
brain,  lie  the  centres  for  tactile  sensibility,  Landois  and  Eulenburg  observed  in  a  dog,  from 
which  the  motor  centres  for  the  extremities  had  been  removed  on  both  sides,  that  the  move- 
ments became  completely  atetc,  i.e.,  the  animal  could  not  execute  such  co-ordinated  move- 
ments as  walking,  standing,  &c.  Goltz  regards  the  disturbances  of  movement  after  injury  of 
the  cortex  as  due  to  inhibition.  Schiff  maintains  that  when  the  cortex  cerebri  is  stimulated  we 
do  not  stimulate  a  cortical  centre,  but  only  the  sensory  channels  of  a  reflex  arc,  the  continua- 
tion of  the  posterior  columns,  so  that  on  this  supposition  the  movements  resulting  from 
.stimulation  of  the  motor  points  would  be  reflex  movements.  The  centres  lie  deeper  in  the 
brain.    This  view  is  not  generally  entertained. 

Modifying  Conditions. — The  excitability  of  the  motor  centres  is  capable  of 


CONDITIONS  AFFECTING  THE  MOTOR  CENTRES. 


being  considerably  modified.  Stimulation  of  sensory  nerves  diminishes  it ;  thus, 
the  curve  of  contraction  of  the  muscles  becomes  lower  and  longer,  while  the 
reaction-time  is  lengthened  simultaneously.  Only  when,  owing  to  strong  stimula- 
tion, the  reflex  muscular  contractions  are  vigorous,  the  excitability  of  the  cortical 
centres  appears  to  be  increased.  Specially  noteworthy  is  the  fact  that,  in  a  certain 
stage  of  morphia-narcosis,  a  stimulus  which  is  too  feeble  to  discharge  a  contrac- 
tion becomes  effective  at  once,  if  immediately  before  the  stimulus  is  applied  to  the 
cortical  centre,  the  skin  of  certain  cutaneous  areas  be  subjected  to  gentle  tactile 
stimulation.  When  strong  pressure  is  applied  to  the  foot,  the  contractions  become 
tonic  in  their  nature,  so  that  all  stimuli,  which  under  normal  conditions  produce  only 
temporary  stimulation,  now  stimulate  these  centres  continuously.  If,  during  the 
tonic  contraction,  one  gently  strokes  the  back  of  the  foot,  blows  on  the  face,  gently 
taps  the  nose,  or  stimulates  the  sciatic  nerve,  suddenly  relaxation  of  the  muscles 
again  occurs.  These  phenomena  call  to  mind  the  analogous  observations  in 
hypnotised  animals  (§  374).  Another  very  remarkable  observation  is,  that  when 
either  owing  to  a  reflex  effect,  or  to  strong  electrical  stimulation  of  a  cortical  centre, 
contraction  of  the  corresponding  muscles  is  produced,  ih^nfeehle  stimulation  of  the 
Same  centre,  but  a,lso  of  other  centres,  suppresses  the  movement.  Thus,  we  have 
the  remarkable  fact  that,  according  to  the  strength  of  the  stimulus  applied  to  the 
motor  apparatus,  we  can  either  produce  movement  or  suppress  a  movement  already 
in  progress  {Buhnoff  and  Heidenhain). 

[Excision  of  the  Thyroid  affects  the  nerve-centres.  After  thyroidectomy  (twenty-iour  hours) 
the  tetanus  obtained  by  stimulating  the  cortex  is  greatly  changed.  It  ceases  when  the  stimu- 
lating current  is  shut  off,  as  suddenly  as  that  observed  on  stimulating  the  corona  radiata.  In 
more  advanced  cases,  the  tetanus  is  soon  exhausted,  and  is  often  followed  by  clonic  epileptoid 
spasms.  In  the  latter  stages,  after  thyroidectomy,  there  may  be  only  a  feeble  tetanus,  or  none 
at  all,  on  stimulating  the  motor  areas,  so  great  is  the  State  of  depression  of  function  of  these 
centres  (Horsley).] 

[Warner  has  directed  attention  to  visible  muscular  movements  apart  from  those  studied  in 
epilepsy,  chorea,  athetosis — and  including  attitude,  gait,  movements  of  the  eyeballs,  iDositionof 
the  hand,  and  posture  in  general,  &c. — as  expressive  of  states  of  the  brain  and  nerve'-centres.] 

376.  SENSORY  CORTICAL  CENTRES.— [There  must  be  some  connection 
between  the  surface  of  the  brain  and  the  aff"erent  channels  through  which  sensory 
impulses  pass  inwards,  and  although  the  channels  for  sensory  impulses  are,  perhaps, 
not  so  definitely  localised  as  those  for  voluntary  motion,  still  we  know  that  sensory 
impulses  for  the  opposite  half  of  the  body  travel  upwards  through  the  posterior 
third  of  the  posterior  limb  of  the  internal  capsule  (fig.  500,  S),  to  radiate  in  all 
probability  into  the  occipital  and  temporo-sphenoidal  lobes.  Parts  of  these  convolu- 
tions are  sometimes  spoken  of  as  "  sensory  centres  "  or  "  psycho-sensorial "  areas.] 

[The  same  methods  have  been  applied  to  the  investigation  of  these  centres,  viz.,  stimulation 
and  extirpation.  Stimulation. —Ferrier  found  that  electrical  stimulation  of  the  angular  gyrus 
(monkey)  caused  movements  of  the  eyeballs  towards  the  side,  with  sometimes  associated  move- 
ments ot  the  head,  but  he  regarded  these  as  reflex  movements,  so  that  for  this  and  other  reasons 
he,  in  his  earliest  contributions,  considered  the  angular  gyrus  and  adjacent  parts  as  the  "centre 
lor  vision.  On  stimulating  the  first  temporo-sphenoidal  convolution,  the  monkey  pricked  the 
opposite  ear,  the  pupils  dilated,  while  the  head  and  ears  turned  to  the  opposite  side,  it  exhibited 
movements  similar  to  those  caused  by  a  loud  sound ;  these  movements  are  also  reflex  pheno- 
mena, so  that  he  located  the  "auditory  centre"  in  this  region,  and  on  somewhat  similar 
a\x.  the  result  of  inferences  from  the  stimulation  and  extirpation  of  other  parts,  he 
referred  the  centres  for  smell  and  taste  to  the  tip  of  the  temporo-spheiioidal  lobe,  and  for  touch 
to  the  hippocampus  major,  but  all  these  statements  have  not  been  confirmed.] 

Lt^oltz  experimented  on  dogs  by  washing  away  the  cortex  cerebri,  and  found  that  when  a 
ofThp  Ip^'T""  •  ^''^  "  after  recovery  from  the  immediate  eff-ects 

has  notCmr?L^T''^P''"\'^^^  and  other  sensory  defects,  but  so  far  Goltz 

nosteriorZi  nf  t^^^^  'T.^"^^  ^^'^^^'^'^  i'*^'^"^^!  °^  ^^"^  «^terior  and 

obstacles  but  if J 1^' '  /fi"'  ^1  '^"^  ''''  ^"^^  "^-^       ^y^'  to  avoid 

Sor?ft'  xvl^n      1  to  recognise  food  or  flesh      suck,  when  placed 

befoie  It,  while  exhibitions,  which,  before  the  operation,  greatly  excited  the  dog,  ceased  to  do 
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so.  Goltz  caused  his  survant  to  dross  liiiiiscilf  in  ii  jnuiiiiiiL'r'H  red  coloured  garb,  which 
previously  had  greatly  excited  the  dog,  but  after  the  oiieratiou  the  dog,  although  it  was  not 
blind,  was  no  longer  excited  thereby.  Nor  was  it  afterwards  cowed  by  tlie  ai)])eurance  of  a 
whip.  After  a  time  there  was  recovery  to  a  certain  extent  if  the  aniuial  was  trained,  whether 
by  the  deposition  of  now  impressions,  or  by  opening  up  new  channels,  or  by  the  partial 
recovery  of  some  parts  of  the  gi'cy  matter  not  removed,  it  is  impossible  to  say.] 

[Slunk  has  nnipped  out  the  surface  of  the  brain  into  a  series  of  "sensory"  or  psycho-sensorial 
centres,  but  ho  distinguishes  between  complete  and  total  extirpation  of  these  centres  and  the 
phenomena  which  follow  these  operations.] 

When  these  centres  are  partially  disorganised,  the  mechanism  of  the  sensory 
activity  may  remain  intact,  but  "the  conscious  link  is  wanting."  A  dog  with  its 
centres  thus  destroyed,  sees,  hears,  or  smells,  but  it  no  longer  knows  what  it  sees, 
hears,  or  smells.  These  centres  are  in  a  certain  sense  the  seat  of  experience  that 
has  been  acquired  through  the  organs  of  sense.  Stimulation  of  these  centres 
may  give  rise  to  movements,  such  as  occur  when  sudden  intense  sensory  impressions 
are  produced.  These  movements,  therefore,  are  to  be  regarded  as  reflex,  partly  as 
extensive  co-ordinated  reflex  movements,  and  are  in  no  way  to  be  confounded  with 
the  movements  which  result  from  direct  stimulation  of  the  motor  cortical  centres. 
To  this  belongs  ,  dilatation  of  the  pupil  and  the  fissure  of  the  eyelids,  as  well  as 
lateral  movements  of  the  eyeball. 

1.  The  "visual  area,"  according  to  Munk,  embraces  the  outer  convex  part  of 
the  occipital  lobe  of  the  dog's  brain.    [This  area  and  its  connections  are  represented 

in  fig.  487.  It  is,  therefore,  in  the  area  supplied  by 
the  posterior  cerebral  artery.]  If  the  occipital  lobes  be 
completely  destroyed,  the  dog  remains  permanently 
blind  ("  cortical  or  absolute  blindness  ").  If,  how- 
ever, only  the  central  circular  area  be  destroyed,  there 
is  loss  of  the  conscious  visual  sensation,  which  may  be 
called  "  psychical  iDlindness  "  {3funJc)  [a  condition  of 
visual  defect  like  that  observed  by  Goltz  in  the  dog,  in 
which  the  dog  saw  an  object,  e.g.,  its  food,  but  failed 
to  recognise  it  as  such.  There  is  a  certain  amount  of 
recovery  if  the  whole  visual  area  be  not  removed. 
According  to  Schafer,  the  visual  area  of  the  cerebral 
cortex  in  the  monkey  comprises  the  whole  of  the  oc- 
cipital lobe,  and  perhaps  a  part  of  the  angular  gyrus. 
He  finds,  with  Munk,  that  removal  of  one  occipital 
lobe  is  followed  by  hemianopia,  i.e.,  blindness  m  the 
lateral  half  of  each  retina  corresponding  to  the  side 
operated  on.  The  blindness  passes  off.  Eemoval  of 
both  occipital  lobes  is  said  to  produce  total  and  per- 
manent blindness,  whereas  destruction  of  the  cortex  of 
both  angular  gyri  is  not  followed  by  any  appreciable 
permanent  defect  of  vision.  Ferrier,  however,  does  not 
accept  these  statements.] 
[Ferrier  and  Yeo  find  that  after  operations  conducted  ^^tiseptical^,  rem^^^^^^^^  o 
both  occipital  lobes  (monkeys)  does  not  cause  any  ^^^^f^.^^^^^^^^^^^^^^^^ 
vision  or  other  bodily  or  mental  derangement,  provided  the  lesion  does  not  extena 
beTond   he  1^^^^^^^^^  fissure.    &or  does  destruction  of  both  ^^^^^^^^ 

cause  permanent  loss  of  vision ;  such  loss  of  vision  lasts  only  three  daj^s  so  tlmt  m 
Ferrier's  original  experiments,  the  animals  lived  for  too  short  a  time  aftei  the 


Fig.  487. 
Course  of  the  psycho-optic 
fibi'es  (after  Munk). 


after  the 
Destruction  of  both 


nT,ovaHnn    tn  enable'  a  iust  conclusion  to  be  arrived  at.  .  , 

S  'ulai        aiS  lobes  causes  total  and  permanent  blindness  -  both 

in  monkeys!  without'any  impairment  of  the  other  senses  or  motor  po.ei.  Thi. 
region  Ferrier  calls  the  "  occipito-angular  region. 
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[Stimulation  of  the  angular  gyrus  causes  movements  of  the  eyes  to  the 
opposite  side,  with  closure  of  the  eyelids  and  contraction  of  the  pupil.  The  eye- 
balls were  directed  upwards  or  downwards  according  as  the  electrodes  were  applied 
to  the  anterior  or  posterior  limb  of  the  angular  gyrus  (Ferrier).  Stimulation  of 
the  whole  of  the  cortex  of  the  occipital  lobe,  including  its  mesial  and  under 
surfaces,  causes  conjugate  deviation  of  the  eyes  to  the  opposite  side,  the  direction 
of  movement  varying  with  the  position  of  the  electrodes.] 

Mixuthner  denies  the  existence  of  cortical  blindness,  and  believes  that,  after  destruction  of 
the  middle  of  the  visual  centre,  the  reason  why  the  dog  does  not  recognise  the  object  with  the 
opposite  eye  is  because,  owing  to  there  being  only  indirect  vision,  there  is  no  distinct  impression 
on  the  retina.  The  position  of  the  visual  centre  has  been  variously  stated  by  different 
observers.  According  to  Ferrier,  in  the  dog  it  lies  in  the  occipital  part  of  the  III  primary  con- 
volution, near  the  spot  marked  e,  e,  e,  in  iig.  483  ;  according  to  his  newer  researches,  ia  the 
occipital  lobe  and  gyrus  angularis. 

Connection  with  the  Eetina. — ^Mnnk  asserts' that  in  dogs  lotJi  retinoe  are  connected  with  each 
visual  cortical  centre,  and  in  such  a  manner  that  the  greatest  part  of  each  retina  is  connected 
with  the  opposite  cortical  centre,  and  only  by  its  most  external  lateral  marginal  part  with  the 
centre  of  the  same  side  (fig.  487).  If  we  imagine  the  surface  of  one  retina  to  be  projected  upon 
the  centres,  then  the  most  external  margin  of  the  first  is  connected  with  the  centre  of  the  same 
side,  the  inner  margin  of  the  retina  with  the  inner  area  of  the  opposite  centre,  the  upper  margin 
with  the  anterior  area,  and  the  lower  marginal  part  of  the  retina  with  the  posterior  area  of  the 
opposite  side.  The  (shaded)  middle  of  the  centre  corresponds  to  the  position  of  direct  vision  of 
the  retina  of  the  opposite  side  (compare  §  344). 

Stimulation  of  the  visual  centre  in  dogs  causes  movements  of  the  eyes 
towards  the  other  side,  sometimes  with  similar  movements  of  the  head  and  con- 
traction of  the  pupils.  If  one  eye  be  excised,  from  new-born  dogs,  the  opposite 
visual  centre,  after  several  months,  is  less  developed  (Munk).  After  extirpation 
of  the  visual  centre  in  young  dogs,  the  channels  which  connect  it  with  the  optic 
nerve  undergo  degeneration  (Mouakoiv)  (§  344). 

In  monkeys,  the  centre  occupies  the  occipital  lobe.  Unilateral  desti'uction  causes  temporary 
blindness  of  the  halves  of  both  retinte,  i.e.,  hemianopia  on  the  side  of  the  injury.  The  visual 
centre  in  pigeons  (fig.  483,  IV,  where  1  is  placed)  lies  somewhat  behind  and  internal  to  the 
highest  curvature  of  the  hemispheres  {M'Kendrick,  Ferrier,  Musehold).  The  visual  centre 
in  the  frog  lies  in  the  optic  lobe  {Blaschko). 

[The  visual  path  is  along  the  optic  nerve  to  the  chiasma,  where  the  fibres  from  the  nasal  half 
of  each  retina  cross  to  the  optic  tract,  some  of  the  fibres  perhaps  becoming  connected  with  the 
external  corpora  geniculata,  and  some  with  the  pulviuar  of  the  optic  thalamus  and  corpora 
quadrigemina,  while  the  great  mass  sweeps  backwards  to  the  occipital  lobes  as  the  optic  expan- 
sion of  Gratiolet.  Destruction  of  this  path  behind  the  chiasma  causes  hemiopia  or  hemianopia, 
and  certain  diseases  of  the  occipital  cortex  cause  a  similar  result.  Perhaps,  however,  there  is 
another  centre  in  the  angular  gyi'us  (and  supra-marginal  lobe),  for  in  cases  of  word-blindness 
disease  has  been  found  in  these  regions.  Sometimes  flashes  of  light  or  the  appearance  of  a  ball 
of  fire  form  the  aura  in  epilepsy,  and  Hughlings  Jackson  thinks  that  discharging  lesions  of  the 
right  occipital  lobe  cause  coloured  vision  more  frequently  than  on  the  left.] 

2.  The  centre  for  hearing,  or  "  auditory  area,"  lies  in  the  dog,  according  to 
Ferrier,  in  the  region  of  the  second  primary  convolution  at  f,f,  f  (fig.  483,  II), 
while  in  the  monkey  and  man  it  is  in  the  first  temporal  or  temporo-sphenoidal 
gyrus  (Ferrier's  centre,  No.  14).  Munk  locates  it  in  the  same  region.  According 
to  Munk,  destruction  of  the  entire  region  causes  deafness  of  the  opjwsite  ear,  while 
destruction  of  the  middle  shaded  part  alone  causes  "psychical  deafness"  {"  Seelen- 
tauhheit ").  Electrical  irritation  of  the  upper  two-thirds  of  the  superior  temporal 
convolution  is  followed  by  a  reaction  which  closely  resembles  that  produced  by  a 
sudden  fright,  or  that  produced  by  a  sudden  unexpected  noise.  [There  is  a  quick 
retraction  of  the  opposite  ear,  i.e.,  "  pricking  "  of  the  ear  as  if  toward  the  supposed 
origin  of  the  sound,  combined  generally  with  turning  of  the  head  and  eyes  to  that 
side,  and  dilatation  of  the  pupil]  Ferrier  locates  the  centre  for  hearing  in  the 
monkey  in  the  superior  temporo-splienoidal  convohitiori,  and  he  finds  that,  w'hen  the 
centres  on  both  sides  are  extirpjated,  the  animal  is  absolutely  deaf;  it  takes  no 
cognisance  of  a  pistol  fired  in  its  neighbourhood.   [From  his  experiments  on  monkeys. 
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Schiifer  denies  absolutely  the  conclusions  of  the  above-named  experiments.  iSchiifer 
points  out  thafit  is  not  difficult  to  substantiate  hearing  in  monkeys  ;  it  is  diificult 
to  substantiate  deafness,  for  quite  normal  monkeys  will  often  fail  to  pay  the  least 
attention  to  loud  sounds.  In  six  monkeys,  Schiifer  asserts  that  after  more  or  less 
complete  destruction  of  the  superior  temporal  gyrus  on  both  sides,  hearing  was  not 
perceptibly  ailected.  In  one  case,  both  temporal  lobes  were  completely  removed 
without  any  permanent  diminution  in  the  acuteness  of  hearing.  These  results  are 
opposed  to  the  ordinary  clinical  teaching  on  this  subject.]  In  man,  injuries  to  the 
first  and  second  temporo-sphenoidal  convolutions  on  one  side  do  not  appear  to 
cause  complete  deafness  of  one  ear,  as  it  seems  that  the  sense  of  hearing  for  each 
ear  is  perhaps  represented  on  both  sides.  Bilateral  lesions  of  these  convolutions 
in.  man  cause  complete  deafness.  Disease  of  these  two  convolutions  is  associated 
with  word-deafness  (p.  713).  Wernicke  cites  the  case  of  a  person  first  affected 
with  word-deafness,  who  afterwards  became  completely  deaf;  and  after  death,  a 
bilateral  lesion  was  found  in  the  first  temporo-sphenoidal  convolution.  These  con- 
volutions are  supplied  with  blood  by  the  middle  cerebral  or  Sylvian  artery. 

[The  auditory  paths  are  from  the  auditory  nuclei  in  the  medulla  oblongata 
through  the  pons,  where  they  perhaps  cross  into  the  tegmentum,  thence  into  the 
"  sensory  crossway,"  and  onwards  to  the  auditory  centre.] 

[Auditory  Autsb. — Equally  important  with  these  effects  of  disease  are  the  sensory  impressions, 
or  "aviraB,"  which  sometimes  usher  ip  an  attack  of  epilepsy  ;  sometimes  these  aurse  consist  of 
sounds  or  noises,  and  in  these  cases  the  seat  of  the  disease  is^often  in  the  first  temporo-sphenoidal 
convolution.] 

[3.  The  olfactory  centre  has  not  been  so  definitely  located  as  some  of  the 
others.  There  is  strong  presumptive  evidence  that  it  is  situated  in  the  hippo- 
campal  region  of  the  temporal  lobe,  at  its  lower  extremity.  This  view  is  strength- 
ened by  the  anatomical  relations  of  this  region  to  the  olfactory  tract  and  anterior 
commissure  {Ferrier).  M'Lane  Hamilton  has  recorded  a  case  of  epilepsy  ushered 
in  by  an  aura  of  a  disagreeable  odour,  in  which  there  was  atrophy  of  the  grey 
matter  of  the  right  uncinate  gyrus.] 

[Olfactory  Path. — Although  the  outer  root  of  the  olfactory  tract  runs  direct  to  the  uncinate 
gyrus,  in  hemiancesthesia  resulting  from  injury  to  the  "sensory  crossway,"  smell  is  lost  on  the 
opposite  side,  while  it  is  lost  on  the  same  side  when  the  uncinate  gyrus  is  involved.  It  may  be 
that  the  impulses  go. first  to  their  own  side,  and  cross  afterwards.] 

[4.  We  do  not  know  the  centre  for  taste,  and  even  the  course  of  the  nerve  of 
taste  is  disputed.    Ferrier  places  it  close  to  that  of  smell.] 

On  stimulating  the  subiculum  in-  monkeys,  dogs,  cats,  and  rabbits,  he  observed  pecuhar 
movements  of  the  lips  and  partial  closure  of  the  nostrils  on  the  same  side  (§  365).  In  man, 
subjective  olfactory  and  gustatory  perceptions  are  regarded  as  irritative  phenomena,  while  loss 
of  these  sensory  activities,  often  complicated  with  other  cerebral  phenomena,  is  regarded  as  a 
symptom  of  their  paralysis.  <.  ,  . 

[The  gustatory  path  crosses  in  the  posterior  part  of  the  posterior  segment  of  the  internal  cap- 
sule. "While  Cowers  admits  that  the  chorda  tyuipani  is  the  nerve  of  taste  for  the  anterior  two- 
thirds  of  the  tongue,  he  thinks  that  it  reaches  the  facial  nerve  from  the  spheno-palatine  ganglion 
through  the  Vidian  nerve.  He  denies  that  the  glosso-pharyngeal  is  concerned  m  taste,  and 
"  he  believes  that  taste  impressions  reach  tlie  brain  solely  by  the  roots  of  the  5th  nerve."  He 
admits  that  the  nerves  of  taste  to  the  back  part  of  the  tongue  may  be  distribuicd  with  the 
glosso-pharyngeal,  reaching  them  through  the  otic  ganglion  by  the  small  superficial  petrosal  and 
tympanic  plexus.] 

[5.  Ferrier  places  the  centre  for  tactile  sensation  in  the  hippocampal  region,  close 
to  the  distribution  of  part  of  the  posterior  cerebral  artery  ;  so  far  this  has  not  been 
confirmed.  The  centre  for  the  sensation  of  pain  has  not  been  defined  ;  probably  it 
is  very  diffuse.  The  limbic  lobe,  according  to  Broca,  includes  the  hippocampal 
convolution  and  the  gyrus  fornicatus.  Ferrier  found  that  removal  of  the  hippo- 
campal region  resulted  in  a  diminution  of  the  sensibility  of  the  opposite  side  of  the 
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body.  Horsley  and  Schiifer  observed  only  a  temporary  hemianajsthesia,  but  they 
found  that  an  extensive  lesion  of  the  gyrus  fornicatus  was  followed  by  hemianjes- 
thesia,  more  or  less  marked  and  persistent.  From  their  experiments,  these  observers 
conclud'e  that  the  limbic  lobe  "  is  largely,  if  not  exclusively,  concerned  in  the  appreci- 
ation of  sensations,  painful  and  tactile."] 

6.  Munk  is  of  opinion  that  the  surface  of  the  cerebrum  in  the  region  of  the  motor  centres  acts 
at  the  same  time  as  "sensory  areas"  Fiihlsphm'e"),  i.e.,  they  serve  as  centres  for  the  tactile 
iiQcl  muscular  sensations  and  those  of  the  innerv.ation  of  the  opposite  side.  He  asserts  that  after 
injury  to  these  regions  the  corresponding  functions  are  ailected. 

Accordiug  to  Bechterew,  the  centres  for  the  perception  of  tactile  impressions,  those  of  inner- 
vation, of  the  muscular  sense,  and  painful  impressions  are  placed  in  the  neighbourhood  of 
the  motor  areas  (dog)  ;  the  first  immediately  behind  and  external  to  the  motor  areas,  the  others 
in  the  region  close  to  the  origin  of  the  Sylvian  fissure.  [So  far  this  agrees  with  the  views  of 
Starr  (p.  699).] 

Goltz,  who  first  accurately  described  the  disturbances  of  vision  following  upon  injuries  to  the 
cortex  in  dogs,  is  opposed  to  the  view  of  sensory  localisation.  He  believes  that  each  eye  is 
connected  with  both  hemispheres.  He  asserts  that  the  disturbance  of  vision,  after  injury  to 
the  brain,  consists  merely  in  a  diminished  colour-  and  space-sense.  The  recovery  of  the  visual 
perception  of  one  eye  after  injury  of  one  side  of  the  cortex  cerebri,  he  explains  by  supposing 
that  this  injury  merely  causes  a  temporary  inhibition  of  the  visual  activity  in  the  opposite  eye, 
Avhich  disappears  at  a  later  period.  Instead  of  psychical  blindness  and  deafness  he  speaks  of  a 
"  cerebro- optical "  and  "  cerebro-acoustical  weakness." 

377.  THERMAL  CORTICAL  CENTRES.— Euleu berg  and  Landois  discovered  an  area  on 
the  cortex  cerebri,  whose  stimulation  produced  an  undoubted  effect  upon  the  temperature  and 
condition  of  the  blood-vessels  of  the  opposite  extremities.  This  region  (fig.  483,  I,  t)  generally 
embraces  the  area  in  which,  at  the  same  time,  the  motor  centres  for  the  flexors  and  rotators  of 
the  fore  limb  (3),  and  for  the  muscles  of  the  hind  limb  (4)  are  placed.  The  areas  for  the  anterior 
and  posterior  limbs  are  placed  apart,  that  for  the  anterior  limb  lies  somewhat  more  anteriorly, 
close  to  the  lateral  end  of  the  crucial  sulcus.  Destruction  of  this  region  causes  increase  of  the 
temperature  of  the  opposite  extremities;  the  temperature  may  vary  considerably  (1-5°  to  2°, 
and  even  rising  to  13°  C).  This  result  has  been  confirmed  by  Hitzig,  Bechterew,  Wood,  and 
others.  This  rise  of  the  temperature  is  usually  present  for  a  considerable  time  after  the  injury, 
although  it  may  undergo  variations.  Sometimes  it  may  last  three  months,  in  other  cases 
it  gradually  reaches  the  normal  in  two  or  three  days.  In  well-marked  cases,  there  is  a  dimin- 
ution of  the  resistance  of  the  wall  of  the  femoral  artery  to  pressure,  and  the  pulse-curve 
is  not  so  high  {Reinkc).  Local  electrical  stimulation  of  the  area  causes  a  slight  temporary 
cooUng  of  the  opposite  extremities,  which  may  be  detected  by  the  thermo-electric  method. 
Stimulation  by  means  of  common  salt  acts  in  the  same  way,  but  in  this  case  the  phenomena  of 
destruction  of  the  centre  soon  appear.  As  yet,  it  has  not  been  proved  that  there  is  a  similar  area 
for  each  half  of  the  head.  The  cerebro-epileptic  attacks  (§  375)  increase  the  bodily  temperature, 
partly  owing  to  the  increased  production  of  heat  by  the  muscles  (§  302),  partly  owing  to  dimin- 
ished radiation  of  heat  through  the  cutaneous  vessels,  in  consequence  of  stimulation  of  the 
thermal  cortical  nerves.  The  experiments  led  to  no  definite  results  when  performed  on  rabbits. 
According  to  Wood,  destruction  of  these  centres  occasions  an  increased  production  of  heat  that 
can  be  measured  by  calorimetric  methods,  while  stimulation  causes  the  opposite  result. 

These  experiments  explain  how  psychical  stimulation  of  the  cerebrum  may  have  an  effect 
upon  the  diameter  of  the  blood-vessels  and  on  the  temperature,  as  evidenced  by  sudden  paleness 
and  congestion  (§  378,  III.).  ^ 

[Heat  Production.— Injury  to  the  fore-brain  has  no  effect  on  the  temperature.  If  the  brain 
ot  a  rabbit  be  punctured  through  the  large  foutanelle,  and  the  stylette  be  forced  throucrh  the 
grey  matter  on  the  surface,  white  matter,  and  the  median  portion  of  the  corpus  striatum  right 
to  the  base  of  the  brain,  there  is  a  rapid  rise  of  the  temperature  which  may  last  several  days 
Injury  to  the  grey  cortex  does  not  affect  the  temperature.  After  puncture  of  the  corpus  stri- 
atum, the  highest  temperature  is  reached  only  after  twenty-four  to  seventy  hours  but  when 
the  puncture  reaches  the  base  of  the  brain  this  result  occurs  in  two  to  four  "hours  Electrical 
stimulation  of  these  areas  causes  the  same  effect  on  the  temperature.  Direct  injury  to  certain 
paits  of  the  brain  is  followed  by  a  rise  of  the  temperature-or  fever.  See  also,  p.  329,  for  further 
evidence  of  the  existence  of  thermal  centres.  There  is  at  the  same  time  an  increase  of  the  0 
xaken  in,  the  tO^  given  off  and  a  decided  increase  of  the  N  given  oft',  indicating  an  increase  in 
SrtroodTf  *°      iiicreased  production  of  heat  {Arontohn  and  Sachs, 

cer^ebrrl^n.*!?^"'^*^'^--^""!,''  ^/^n-;^°]*^  ^^'^  ^  ^'^^'^''^  "^'^^"^  t°  the  cortex 

awnv  1  ■  1  "  opening  in  the  skull  of  a  dog,  and  by  means  of  a  stream  of  water  wa.shes 
away  the  desired  amount  ot  brain-matter.  He  describes,  first  of  all,  inhibitory  phenomena 
which  are  temporary  and  due  to  a  temporary  suppression  of  the  activity  of  the  nervous 
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apparatus,  which,  however,  is  not  injured  anatomically;  this  may  be  explained  in  the  same  way 
as  the  suppression  of  rellcxes  by  strong  stimulation  of  sensory  nerves  (§  361,  3).  In  addition, 
there  are  tlio  permanent  phenomena,  due  to  the  disappearance  of  the  activity  of  the  nervous 
apparatus,  which  is  removed  by  the  operation.  A  dog,  with  a  large  mass  of  its  cerebijil  cortex 
I'emoved,  may  bo  compared  to  an  eating,  complex,  rellex  machine.  It  behaves  like  an  intensely 
stupid  ilog,  walks  slowly,  with  its  head  hanging  down  ;  its  cutaneous  sensibility  is  diminished 
in  all  its  qualities — it  is  less  sensitive  to  pressure  on  the  skin;  it  takes  less  cognisance  of 
variations  of  temperature,  and  does  not  comprehend  how  to  feel  ;  it  can  witli  diliiculty 
accommodate  itself  to  the  outer  world,  especially  with  regard  to  seeking  out  and  taking  its  food. 
On  the  other  hand,  there  is  no  paralysis  of  its  muscles.  The  dog  still  sees,  but  it  does  not 
understand  what  it  does  see  ;  it  looks  like  a  somnambulist,  who  avoids  obstacles  without 
obtaining  a  clear  perception  of  their  nature.  It  hears,  as  it  can  be  wakened  from  sleep  by  a 
call,  but  it  hears  like  a  person  just  wakened  from  a  deep  sleep  by  a  voice — such  a  person  does 
not  at  once  obtain  a  distinct  perception  of  the  sound.  The  same  is  the  case  with  the  other 
senses.  It  howls  from  hunger,  and  eats  until  its  stomach  is  filled  ;  it  manifests  no  symptoms 
of  sexual  excitement. 

Goltz  supposes  that  every  part  of  the  brain  is  concerned,  in  the  functions  of  willing,  feeling, 
perception,  and  thinking.  Every  section  is,  independently  of  the  others,  connected  by  con- 
ducting paths  with  all  the  voluntary  muscles,  and,  on  the  other  hand,  with  all  the  sensory  nerves 
of  the  body.    He  regards  it  as  possible  that  the  individual  lobes  have  different  functions. 

After  removal  of  the  anterior  or  frontal  convolutions  and  the  motor  areas,  there  is  at  first 
unilateral  motor  and  sensory  paralysis  and  affection  of  vision.  After  some  months,  there  remains 
only  the  loss  of  the  muscular  sense.  If  the  operation  be  bilateral,  the  phenomena  are  more 
marked ;  there  are  innumerable  purposeless  associated  movements,  and  the  dogs  become 
vicious.  Marked  and  permanent  disturbance  in  the  capacity  to  utilise  the  impressions  from  the 
sense-organs  is  not  a  necessary  consequence  of  removal  of  the  frontal  convolutions. 

Removal  of  the  occipital  lobes  interferes  most  with  vision.  Bilateral  removal  makes  the 
animal  almost  blind.  The  dog  remains  obedient  and  lively.  There  is  no  disturbance  of  motion 
or  of  the  muscular  sense. 

Inhibitory  Phenomena.— Injury  to  the  brain  also  causes  inhibitory  phenomena,  such  as  the 
disturbances  of  motiou,  the  complete  hemiplegia  which  is  frequently  observed  after  large 
unilateral  injuries  of  the  cortex  cerebri ;  these  are  regarded  by  Goltz  as  inhibitory  phenomena, 
due  to  the  injury  acting  on  lower  infra-cortical  centres,  whose  action  inhibits  movement,  but 
these  movements  are  recovered  as  soon  as  the  inhibitory  action  ceases. 

378.  TOPOGRAPHY  OF  THE  CORTEX  CEREBRI.— A  short  resume  of 
the  arrangement  of  convolutions,  according  to  Ecker,  is  given  in  §  375. 

I.  The  cortical  motor  areas  for  the  face  and  the  limbs  are  grouped  around  the 


area,  the  aphasic  region  (modified  from  Gowers).  Fig.  489.— Inner  surface  of  right  hemi- 
sphere. AS,  area  governing  the  movements  of  the  arm  and  shoulder  ;  Tr,  of  the  trunk  ; 
leg,  those  of  the  leg ;  Gf,  gyrus  fornicatus  ;  CO,  corpus  callosum  ;  U,  uncinate  gjTUS  ;  0, 
occipital  lobe. 


fissure  of  Rolando,  including  the  ascending  frontal,  ascending  parietal,  and  part  of 
the  parietal  lobule  (fig.  488).  The  centre  for  the  face  occupies  the  lowest  third  of 
the  ascending  frontal  convolution,  and  reaches  also  to  the  lowest  fifth  of  the  ascend- 
ing parietal.    The  arm  centre  occupies  the  middle  third  of  the  ascending  frontal  and 
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middle  three-fifths  of  the  ascending  parietal  convolutions,  while  the  leg  centre  lies 
at  the  upper  end  of  the  sulcus  and  extends  backwards  into  the  parietal  lobule  (and 
perhaps  on  to  the  superior  frontal  convolution)  (fig.  488).  The  leg  centre  is  con- 
tinued over  on  to  the  paracentral  lobule,  opposite  the  upper  end  of  the  fissure  of 
Rolando,  in  the  marginal  convolution  on  the  mesial  aspect  of  the  hemisphere  (fig. 
490),  where  the  centres  for  the  muscles  of  the  trunk  also  exist  (p.  698).  The  centre 
for  speech  is  in  the  posterior  part  of  the  third  left  frontal  convolution  (fig.  488). 

Blood  Supply. — Tliesc  convolutions  are  supplied  with  blood  from  4  to  5  branches  of  the 
Sylvian  artery,  which  may  sometimes  be  plugged  with  an  embolon.  When  a  clot  lodges  in 
this  artery,  the  branches  to  the  basal  ganglia  may  remain  pervious,  whilst  the  cortical  branches 
may  bo  plugged  {Buret,  Hcichncr)  (§  3'81). 

[Hemiplegia  consists  of  motor  paralysis  of  one-half  of  the  body,  although,  as  a 
rule,  all  the  muscles  are  not  paralysed  to  the  same  extent ;  in  some  there  may  be 
complete  paralysis,  i.e.,  they  are  entirely  removed  from  voluntary  control,  while  in 
others,  there  is  merely  impaired  voluntary  control.  It  may  be  caused  by  affections 
of  the  cortical  areas  or  by  lesion  of  the  motor  tracts  above  the  medulla,  and  the 

paralysis  is  always  on  the  side 
opposite  to  the  lesion,  owing  to 
the  decussation  of  the  motor  paths 
in  the  medulla.  If  the  case  be  a 
severe  one,  we  have  what  Charcot 
terms  hemiplegie  centrale  vulgaire, 
or  "complete  hemiplegia,"  due  to 
lesion  of  the  cortical  centres  for 
the  face,  arm,  and  leg.  While  the 
arm  and  leg  are  completely  para- 
lysed, the  lower  part  of  the  face  is 


Fig.  490. 

Fig.  490. — Transverse  section  of  a  cerebral  hemisphere.  CC«,  corpus  callosum  ;  NC,  caudate 
nucleus  ;  NL,  lenticular  nucleus  ;  IC,  internal  capsule  ;  CA,  internal  carotid  artery ;  «SL, 
lenticulo-striate  artery  ;  ("  Arterj'  of  htemorrhage  ") ;  F,  A,  L,  T,  position  of  motor  areas 
governing  the  movements  of  the  face,  arm,  leg,  and  trunk  muscles  of  the  opposite  side 
{Horsley).    Fig.  491. — Scheme  of  the  innervation  of  bilaterally  associated  muscles  {Ross). 

more  affected  than  the  upper  half,  which  is  usually  not  much  aft'ected.  All  those 
movements  under  voluntary  control,  and  especially  those  that  have  been  learned, 
are  abolished,  whilst  the  associated  and  bilateral  movements,  which  even  animals 
can  execute  immediately  after  birth,  remain  more  or  less  unaffected.  Hence,  the 
hand  is  more  paralysed  than  the  arm ;  this,  again,  than  the  leg ;  the  lower  facial 
branches  more  than  the  upper ;  the  nerves  of  the  trunk  scarcely  at  all  (Ferrier). 
When  an  extraordinary  effort  is  made,  it  will  be  found  that  there  is  some  impair- 
ment of  the  power  of  the  muscles  of  mastication  and  respiration,  although  the 
muscles  on  opposite  sides  act  together  {Gotvers).    The  trunk-muscles,  as  a  rule,  are 
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but  slightly  affected,  or  not  at  all,  as  their  centre  is  elsewhere.    There  may  be 
alterations  of  sensibility  and  of  the  reflexes.] 

[Coiiductiou  through  the  whole  of  the  pyramidal  fibres  coming  fiom  one  hemisphere  may  be 
interrupted,  and  yet  all  the  muscles  on  the  opposite  side  of  tlie  Ijody  are  not  paralysed.  The 
muscles  which  are  comparatively  uiialfected  are  those  a.ssociated  in  their  action  with  the  muscles 
of  the  opposite  side,  e.g.,  the  respiratory  muscles.  Broadbeut  assumes  that  such  muticles  have 
a  bilateral  representation  in  the  motor  areas.  Supi)ose  in  fig.  491,  B,  B',  to  represent  the  cerebral 
cortex ;  M,  M,  motor  centres  in  it ;  N,  N',  nerve  nuclei  in  the  spinal  cord  or  medulla  oblongata  ; 
P,  P',  the  pyramidal  tracts  passing  to  spinal  nuclei  N,  N' ;  wi,  7/t',  nerves  proceeding  from  the  last. 
1,  2,  3,  4,  5,  represent  dilferent  lesions.  In  the  case  of  muscles  on  opposite  sides  of  the  body, 
which  act  independently,  e.g.,  those  of  the  hand,  this  is  all  the  mechauLsm,  but  in  bilaterally 
associated  muscles  there  is  another  mechanism,  viz.,  commissural  fibres  between  the  nerve 
nuclei,  the  one  c  conducting  from  right  to  left,  and  c'  from  lelt  to  right.  When  there  is  an 
injury  at  1  or  3,  impulses  can  still  pass  from  the  uninjured  side  M  to  N'  and  through  c'  to  the 
muscles  m,  m'.    In  this  way,  both  muscles  receive  motor  impulses  from  one  hemisphere  {Moss).] 

Conjugate  deviation  of  the  eyes,  with  rotation  of  the  head,  is  frequently  yjresent  in  the  early 
period  of  hemiplegia,  although  it  usually  disappears.  When  a  person  turns  his  head  to  one  side, 
there  is  an  associated  movement  of  certain  of  the  ocular  muscles  with  those  of  the  neck.  The 
head  and  eyes  are  usually  turned  to  the  side  of  the  lesion  ;  this  is  termed  "  conjugate  deviation," 
so  that  the  power  of  voluntarily  moving  the  eyes  and  head  to  the  paralysed  side  is  temporarily 
lost.  The  unopposed  muscles  rotate  the  head  and  eyes  to  the  sound  side.  If  the  lesion  be  in 
the  posterior  ]3art  of  the  pons,  the  deviation  is  to  the  paralysed  side  {Privosl). 

[Subsequent  Effects.— If  there  be  a  haimorrhage,  say  into  these  motor  regions,  or  from  the 
lenticulo-striate  artery,  so  as  to  c'ompress  the  pyramidal  fibres  in  the  knee  and  anterior  two- 
thirds  of  the  posterior  segment  of  the  internal  capsule,  then  there  is  usually  tonic  or  persistent 
contraction  of  the  muscles  affected.  These  tonic  spasms  may  accompany  the  hemorrhage,  or 
come  on  a  few  days  after  it,  and  set  up  the  condition  of  early  rigidity.  The  contraction  or 
spasm — if  any— accompanying  the  haemorrhage,  is  due  to  direct  irritation  of  the  pyramidal 
fibres,  while  that  which  comes  on  a  few  days  later,  and  usually  lasts  a  few  weeks,  is  also  due 
to  irritation  of  these  fibres,  probably  produced  by  inflammatory  action  in  and  around  the  seat 
of  the  lesion.  The  aflected  limb  is  stiff  and  resists  passive  movement.  After  a  few  weeks,  late 
rigidity  sets  in  and  is  persistent,  and  it  is  characterised  by  stiaictural  changes  in  the  pyramidal 
paths  which  lead  to  other  results.  There  is  Becondary  descending  degeneration  in  the  pyramidal 
tracts,  which  causes  "contracture"  in  the  paralysed  limbs,  while  at  the  same  time,  the  deep 
or  tendinous  and  periosteal  reflexes  (ankle-clonus,  rectus-clonus,  and  the  deep  reflexes  of  the 
arm-tendons,  are  exaggerated).  The  spastic  rigidity  is  usually  more  marked  in  the  arm  than  in 
the  leg,  and  it  generally  afl"ects  the  flexors  more  than  the  extensors,  so  that  the  upper  arm  is 
drawn  close  to  the  trunk,  the  elbow,  arm,  and  fingers  flexed ;  in  the  leg,  the  extensors  of  the 
lee  overcome  the  peronei.  Hitzig  has  pointed  out  that  the  contracture  is  less  during  sleep,  and 
after  rest.  The  muscles  at  first  can  be  stretched  by  sustained  pressure,  but  alter  months  or 
years,  structural  changes  occur  in  the  muscles,  ligaments,  and  tendons,  and  the  limbs  assume  a 
permanent  and  characteristic  attitude.]  j     i-»  • 

In  hemipleo-ic  persons,  the  power  of  the  unparalysed  side  is  sometimes  diminished,  whicn  is 
not  sufficiently  explained  by  the  fact  that  some  bundles  of  the  pyramidal  tracts  remain  on  the 
same  side  {Broimi  Seqiiard,  Charcot).  j      i  i 

Acquired  Movements.— Some  movements  performed  by  man  are  learned  only  after  mucli 
practice  and  are  only  completely  brought  under  the  influence  of  the  will  after  a  time,  such  a^, 
the  movements  of  the  hand  in  learning  a  trade.  Such  movements  are  reacquired  only  very 
slowly,  or  not  at  all,  after  injury  to  the  motor  areas  in  which  they  are  represented.  Those 
movements,  however,  which  the  body  performs  without  previous  training,  such  as  the  associated 
movements  of  the  eyeballs,  the  face,  and  some  of  those  of  the  legs,  are  rapidly  recovered  after 
such  an  injury,  or  they  suffer  but  little,  if  at  all.  Thus,  the  facial  muscles  seem  never  to  be  so 
completely  paralysed  after  a  lesion  of  the  facial  cortical  centre,  as  in  aflections  of  the  trunk  ot 
the  facial  nerve ;  the  eye  especially  can  be  closed.  Sucking  movements  have  been  observed  in 
hemicephalous  fostuses. 

Degeneration  of  the  Pyramidal  Tracts.— After  destruction  of  the  cortical 
motor  areas,  descending  degeneration  of  the  cortico-motor  paths,  or  ''pyramidal 
tracts"  takes  place  (§  365).  Degenerative  changes  have  been  found  to  occur  withm 
the  white  matter  under  the  cortex  in  the  anterior  two-thirds  of  the  posterior  segment 
of  the  internal  capsule,  [in  the  middle  third  of  the  crusta  (figs.  492,  *,  493,  LJ,  pons, 
in  the  anterior  pyramids  of  the  medulla  oblongata  (fig.  492),  and  thence  they  have 
been  traced  into  the  pyramidal  paths  (direct  and  crossed)  of  the  spinal  cord  {Charcot, 
Singer)     It  is  evident  that  lesions  of  these  tracts  at  any  part  of  their  course  must 
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have  the  same  result,  viz.,  to  produce  hemiplegia.  (For  the  subsequent  effects  see 
p.  649.)  In  a  case  of  congenital  absence  of  the  left  fore-arm,  Edinger  found  that 
the  right  central  convolutions  were  less  developed. 


Fig.  492. 


F  III 

Fig.  493. 

Fig.  492. — Secondary  descending  degeneration  in  middle  third  of  right  crus  and  medulla,  after 
destruction  of  the  cortical  motor  centres  on  the  right  side.  Fig.  493. — Horizontal  section 
of  the  cerebral  peduncle  in  secondary  degeneration  of  the  pyramidal  tracts,  where  the  lesion 
was  limited  to  the  middle  third  of  the  posterior  segment  of  the  internal  capsule.  F,  healthy 
crusta  ;  L,  locus  niger  ;  P,  internal  third  of  the  crusta  on  the  diseased  side  ;  D,  secondary 
degeneration  in  the  middle  third  of  the  crusta ;  CQ,  corpora  quadrigemina  with  the  iter 
below  them. 

It  is  doubtful  if  the  muscular  sense  is  represented  in  the  motor  areas  ;  Nothnagel  supposes  it 
to  be  located  in  the  temporal  parietal  lobes.  It  is  to  be  noted,  however,  that  in  man  there  may 
be  general  loss  of  the  muscular  sense  or  of  motor  representations,  and,  on  the  other  hand,  a  pure 
motor  paralysis  without  loss  of  the  former. 

Ataxic  motor  conditions,  similar  to  those  that  occur  in  animals  (p.  700),  take  place  in  man, 
and  are  known  as  cerehrcd  ataxia. 

The  position  of  the  centres  is  given  at  p.  696. 

[But  we  may  have  localised  lesions  aff'ecting  one  or  more  of  the  cortical  motor 
areas  ;  these  are  called  monoplegise.  Cases  in  man  are  now  sufficiently  numerous 
to  permit  of  accurate  diagnosis.]  Crural  monoplegia  [rare  lesions  recorded  in  the 
convolutions  at  the  upper  end  of  the  fissure  of  Kolando,  and  the  continuation  of 
this  area  on  to  the  paracentral  lobule  of  the  marginal  convolution],— hrachio- 
crural,  more  common,  in  the  upper  and  middle  thirds  of  the  ascending  frontal  and 
ascending  parietal  convolutions — brachial,  brachio-facial — facial,  the  last  in  the 
lowest  part  of  the  central  convolations. 

Paralysis  of  the  muscles  of  the  neck  and  throat  indicates  a  lesion  of  the  central  convolutions, 
and  so  does  paralysis  of  the  muscles  of  the  eye.  Lesions  of  the  cortex  always  cause  simultaneous 
movements  of  the  head  and  eyeballs. 

Irritation  of  the  Motor  Centres.— If  the  motor  centres  are  irritated  by  patho- 
logical processes,  such  as  hypertBmia,  or  inflammation  in  a  syphilitic  diathesis — 
more  rarely  by  tumours,  tubercle,  cysts,  cicatrices,  fragments  of  bone— there  arise 
spasmodic  movements  in  the  corresponding  muscle-groups.  This  condition  of  a 
sudden  discharge  of  the  grey  matter  resulting  in  local  spasms  is  called  "  Jacksonian, 
or  cerebral  epilepsy." 

[Convulsions  and  spasms  may  be  discharged  from  motor  cortical  lesions,  and 
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these,  whethei-  they  affect  the  general  or  localised  areas,  give  rise  to  unilateral  con- 
volutions and  monospasm  respectively. 

Monospasm. — According  to  tlio  seat  of  the  spasm,  it  i.s  called  facial,  brachial,  crural  monu- 
spasm,  &c.  Of  course  those  spasms  may  affect  several  grou])s  of  muscles.  Bartholow  aipl 
Sciainanna  have  stimulated  the  exposed  human  brain  successfully  with  electricity. 

Cerebral  Epilepsy. — Very  powerful  stimulation  of  one  side  may  give  rise  to 
hilateval  spasms,  with  loss  of  consciousness.  In  this  case,  impulses  are  conducted 
to  the  other  hemisphere  by  commissural  fibres  (§  379). 

Movements  of  the  Eye. — Nothing  defnute  is  known  regarding  the  centre  in  the  cortex  for 
voluntary  combined  movements  of  the  eyeballs  in  man.  In  paralytic  atieetions  of  the  cortex  and 
of  the  paths  proceeding  from  it,  we  occasionally  lind  both  eyes  with  a  lateral  deviation.  If  the 
paralytic  affection  lies  in  one  cerebral  hemisphere,  the  conjugate  deviation  of  the  eyeballs  Is 
towards  the  sound  side  (p.  588).  If  it  is  situated  in  the  conducting  paths,  after  the.se  have 
decussated,  viz.,  in  the  pons,  the  eyes  are  turned  towards  the  paralysed  side  {Provost). 

If  the  ]iart  be  irritated  so  as  to  produce  spasms  in  the  opposite  half  of  the  body,  of  course  the 
eyes  are  turned  in  the  direction  opposite  to  that  in  pure  paralysis.  Instead  of  the  lateral 
deviation  of  the  eyeballs  already  described,  there  is  occasionally  in  cerebral  paralysis  merely  a 
lueakcmng  of  the  lateral  recti  muscles,  so  that  during  rest  the  eyes  are  not  yet  turned  towards 
the  sound  side,  but  they  cannot  be  turned  strongly  towai'ds  the  affected  side  {LeicJUcuslcru, 
Eunnius).  The  centre  for  the  levator  palpebrce  supei-ioris  appears  to  be  placed  in  the  angular 
gyrus  {Grasset,  Lanclouzy). 

II,  The  Centre  for  Speech. — The  investigations  of  Bouilland  [1825],  Dax 
[1836],  Broca  [1861],  Kussmaul,  Broadbent,  and  others  have  shown  that  the  third 
left  frontal  convolution  of  the  cerebrum  (figs.  484,  F3,  and  488)  is  of  essential 
importance  for  speech,  while  probably  the  island  of  Reil  also  is  concerned.  The 
island  is  deeply  placed,  and  is  seen  on  lifting  up  the  overhanging  part  of  the  brain 
called  the  operculum,  lying  between  the  two  branches  of  the  Sylvian  fissure  (S). 
The  motor  centres  for  the  organs  of  speech  (lips,  tongue)  lie  in  this  region,  and 
here  also  the  psychical  processes  in  the  act  of  speech  are  completed.  In  the  great 
majority  of  mankind,  the  centre  for  speech  is  located  in  the  left  hemisphere.  The 
fact  that  most  men  are  right-handed  also  points  to  a  finer  construction  of  the  motor 
apparatus  for  the  upper  extremity,  which  must  also  be  located  in  the  left  hemisphere. 
Men,  therefore,  with  pronounced  right-handedness  ("  droiters ")  are  evidently  left- 
irained  ("gauchers  du  cerveau" — Broca).  By  far  the  greater  number  of  mankind 
are  left-brained  S23ea7cers"  (Kussmaul);  still  there  are  exceptions.  As  a  matter 
of  fact,  cases  have  been  observed  of  left-handed  persons  who  lost  their  power  of 
speech  after  a  lesion  of  the  right  hemisphere  (Ogle).  Investigations  on  the  brains 
of  remarkable  men  have  shown  that  in  them  the  third  frontal  convolution  is  more 
extensive  and  more  complex  than  in  men  of  a  lower  mental  calibre.  In  deaf-mutes 
it  is  very  simple ;  microcephales  and  monkeys  possess  only  a  rudimentary  third 
frontal  {Riidinger). 

The  motor  tract  for  speech  passes  along  the  upper  edge  of  the  island'" of  Keil,  then  into  the 
substance  of  the  hemispheres  internal  to  the  posterior  edge  of  the  knee  of  the  internal  capsule  ; 
from  thence,  through  the  crusta  of  the  left  cerebral  peduncle  into  the  left  half  of  the  pons, 
where  it  crosses,  then  into  the  medulla  oblongata,  which  is  the  place  where  all  the  motor  nerves 
(trigeminus,  facial,  hypoglossal,  vagus,  and  the  respiratory  nerves)  concerned  in  speech  arise. 
Total  destruction  of  these  paths,  "'therefore,  causes  total  aphasia ;  while  partial  destruction 
causes  a  greater  or  less  disturbance  of  the  mechanism  of  articulation,  which  has  been  called 
*' anarthria"  by  Leyden  and  Wernicke. 

Conditions.— Three  activities  are  required  for  speech— (1)  the  normal  movement 
of  the  vocal  apparatus  (tongue,  lips,  mouth,  and  respiratory  apparatus) ;  (2)  a 
knowledge  of  the  signs  for  objects  and  ideas  (oral,  written  and  imitative  or  mimetic 
signs) ;  (3)  the  correct  union  of  both. 

Aphasia  (d  priv.  and  ^ao-is  speech).— Injury  of  the  speech-centre  causes  either  a 
loss  or  more  or  less  considerable  disturbance  of  the  power  of  speech.  The  loss  of 
the  power  of  speech  is  called  a2)hasia."  [Aphasia,  as  usually  understood,  means 
the  partial  or  complete  loss  of  the  power  of  articulate  speech  from  cerebral  causes.] 
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The  following  forms  of  aphasia  may  be  distinguished :  —  ,       ,         1.  • 

1  Ataxic  aphasia  (or  the  oro-liiigiml  hemiparesis  of  Ferricr),  i.e.,  the  loss  of  speech  owing 
to  iiiability  to  oxeciito  the  various  nioveinouts  of  the  mouth  necessary  tor  speech.  henever 
such  a  person  attempts  to  speak,  he  merely  executes  inco-ordiuated  grimaces  and  utters  inarti- 
culate sounds.  [The  muscles  concerned  in  articulation,  however,  are  not  paralysed,  but  tliere. 
is  an  absence  of  co-ordination  of  these  muscles  due  to  disease  of  the  cortical  centre.]  Hence,  the 
patient  cannot  repeat  what  is  said  to  him.  Nevertheless,  the  psychical  processes  necessary  lor 
speech  are  completely  retained,  and  all  words  are  remembered  ;  and  hence,  these  persons  can 
still  "ive  expression  to  their  thoughts  gra]5hically  or  by  writing.  If,  however,  the  finely 
adjusted  movements  necessary  for  writing  are  lost,  owing  to  an  ailection  of  the  centre  for  the 
hand,  then  there  arises  at  the  same  time  the  condition  of  agi-aphia,  or  inability  to  execute  those 
movements  necessary  for  writing.  Such  a  person,  when  he  desires  to  express  his  ideas  in 
writing,  only  succeeds  in  making  a  few  unintelligible  scrawls  on  the  paper.  Occasionally  such 
patients  sutler  from  loss  of  the  power  of  imitation  or  the  execution  of  particular  movements  of 
the  limbs  and  body  constituting  pantomime  speech  or  amimia  {Ktcssmaid). 

2.  Amnesic  Aphasia,  or  Loss  of  the  Memory  of  Words. — Should  the  patient,  however,  hear 
the  word,  its  significance  recurs  to  him.  The  movements  necessary  for  speech  remain  intact ; 
hence,  such  a  patient  can  at  once  repeat  or  write  down  what  is  said  to  him.  Sometimes  only 
certain  kinds  of  words  are  forgotten,  or  it  may  be  even  only  parts  of  certain  words,  so  that  only 
part  of  these  words  is  spoken.  [Nouns  and  proper  names  usually  go  first.]  Cases  of  amnesic 
aphasia,  or  the  mixed  ataxic-amnesic  form  of  disturbance  of  speech,  point  to  a  lesion  of  the 
third  frontal  convolution  and  of  the  island  of  Reil  on  the  left  side.  Another  form  of  amnesic 
aphasia  consists  in  this,  that  the  words  remain  in  one's  memory  but  do  not  come  when  they 
are  wanted,  i.e.,  the  association  between  the  idea  and  the  proper  word  to  give  expression  to  it 
is  inhibited  (Kussmaul).  It  is  common  for  old  people  to  forget  the  names  of  persons  or  proper 
names  ;  indeed,  such  a  phenomenon  is  common  within  physiological  limits,  and  it  may  ulti- 
mately pass  into  the  pathological  condition  of  amnesia  senilis.  Amongst  the  disturbances  of 
speech  of  cerebral  origin,  Kussmaul  reckons  the  following  : — 

3.  Paraphasia,  or  the  inability  to  connect  rightly  the  ideas  with  the  proper  words  to  express 
these  ideas,  so  that,  instead  of  giving  expression  to  the  proper  ideas,  the  sense  may  be  inverted, 
or  the  form  of  words  may  be  unintelligible.  It  is  as  if  the  person  were  continually  making  a 
"slip  of  the  tongue." 

4.  Agrammatism  and  ataxaphasia,  or  the  inability  to  form  the  words  grammatically  and  to 
arrange  them  synthetically  into  sentences.    Besides  these,  there  is — 

5.  A  pathological  slow  way  of  speaking  (bradyphasia),  or  a  pathological  and  stuttering  way 
of  reading  (tumultus  sermonis),  both  conditions  being  due  to  derangement  of  the  cortex 
(Kussmaul).  The  disturbances  of  speech  depending  essentially  upon  affections  of  the  periiiheral 
nerves,  or  of  the  muscles  of  the  organs  of  the  voice  and  speech,  are  already  referred  to  in 
§§  319,  349,  and  354. 

[In  word-blindness,  the  person  cannot  name  a  letter  or  a  word,  so  that  he  can- 
not understand  symbols,  such  as  printed  or  written  words,  or  it  may  be  any  familiar 
object,  although  he  can 
see  quite  well,  while  he 
can  speak  fluently  and 
write  correctly.] 

[In  word-deafness, 
the  person  hears  other 
sounds  and  is  not  deaf, 
but  he  does  not  hear 
words.] 

[The  study  of  aphasia 
in  its  various  forms  is 
simplified  by  a  study  of 
the  mode  of  acquisition  of 
language  by  a  child.  The  _,.  Fig.  494. 

child  hears  spoken  words  ^^^j  ^95. — Schemes  of  aphasia.    A,  centre  for  auditory  images; 

and  obtains  auditory  me-  fo'^  motor  images ;  B,  perception  centre  ;  Oc,  eye  ;  E,  reading 

mories  or  impressions  of     centre  ;  1  to  7,  lesions  {Lichthcim). 

these  sounds  (called  by  Lichtheim  "  auditory  word-representations "),  and  this  must  form 
the  starting-point  of  language,  and  by  and  by  it  begins  to  co-ordinate  its  muscles  to  pro- 
duce sounds  imitative  of  these.  Thus  we  have  two  centres,  one  for  "auditory  images" 
(fig.  ''94,  A),  and  the  other  for  "motor  images"  (fig.  494,  M),  and  these  two  must  be  con- 
nected, thus  establishing  a  reflex  arc.    There  is  a  receptive  and  au  emissive  department  as 
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repvcsentod  in  the  sdiomc.  We  must  assume  the  existence  of  a  higher  centre  (li)  "in  whirl, 
concepts  are  olaboratu.l  where  these  sounds  become  inteliifrible.  Volitional  language  requires 
a  connection  between  H  and  M,  as  well  as  between  A  and  M.  But  we  have  also  reading  and 
writing.  Suppose  0  to  represent  a  centre  for  visual  impressions  (printed  words  or  writlnL-l  • 
those  wo  can  understand  through  the  connection  between  such  visual  impressions  and  auditoi  v 
impressions,  whereby  a  path  is  established  through  OA  (fig.  495).  In  reading  aloud  however 
the  oro-lmgual  muscles  must  be  co-ordinated,  so  we  have  the  path  0AM  opened  up  In 
writing,  or  copying  written  characters,  the  movements  of  the  hand  are  special,  and  perhaiis 
require  a  special  centre,  or  at  least  a  special  arrangement  of  the  channels  for  impulses  in  the 
centre  ;  the  movements  are  learned  under  the  guidance  of  ocular  impressions,  so  we  connect  0 
and  h,  h  being  the  centre  guiding  the  movements  in  writing.  As  to  volitional  writiu"  the 
impulse  passes  through  M— but  does  it  pass  directly  to  E,  or  indirectly  through  A?  Liclitheim 
assumes  that  it  goes  direct  from  M  to  E.  It  is  evident  that  there  are  seven  channels  which 
may  be  interrupted,  each  one  giving  rise  to  a  diflercnt  form  of  aphasia  (1  to  7).] 

[Looked  at  from  another  point  of  view,  either  the  ingoing  («)  or  outgoing  (m)  channels  or 
centi-es,  or  the  commissural  fibres  between  both,  may  be  affected.  If  the  motor  centre  is 
affected,  wo  have  Wernicke's  "  motor  aphasia" ;  if  the  sensory,  his  "  Bensory  aphasia."] 

[In  tlie  most  common  form,  or  ataxic  aphasia  {Kussvmul),  which  was  that  described  by 
Broca,  or  the  "motor  aphasia"  of  Wernicke,  the  lesion  is  in  fig.  494,  in  M,  i.e..  in  the  motor, 
or  what  Ross  calls  the  emissive  department.  In  such  a  case,  it  is  obvious  that  there  will  be 
loBS  of  (1)  volitional  speech,  (2)  repetition  of  words,  (3)  reading  aloud,  (4)  volitional  writing, 
and  (5)  writing  to  dictation  ;  while  there  will  exist  (a)  understanding  of  spoken  words,  (i)  also 

of  written  words,  ■  (c)  and  the  faculty  of  copying. 
If  the  lesion  be  in  A,  we  have  the  "sensorial  aphasia" 
of  Wernicke,  i.e.,  in  the  acoustic  word-centre;  we 
find  loss  of  (1)  understanding  of  spoken  language, 
(2)  also  of  written  language,  (3)  faculty  of  repeatmg 
words,  (4)  and  of  writing  to  dictation,  (5)  and  of 
reading  aloud  ;  there  will  exist  {a)  the  faculty  of 
writing,  (6)  of  copying  words,  and  (c)  of  volitional 
speech,  but  the  volitional  speech  is  imperfect,  the 
wrong  word  being  often  used,  so  that  there  is  the 
condition  of  i"  paraphasia."  If  the  connection  be- 
tween A  and  M  be  destroyed,  other  results  will 
follow,  and  such  cases  of  "commissural"  ajihasia 
have  been  described  by  Wernicke.  If  the  interruji- 
tion  be  between  B  and  M,  we  have  a  not  uncommon 
variety  of  motor  aphasia  (4),  where  there  is  loss  of 
(1)  volitional  speech,  and  (2)  volitional  wi-iting,  and 
there  exist  [a)  understanding  of  spoken  language,  (6) 
of  written  language,  (c)  and  the  faculty  of  copying; 
but  it  differs  from  Broca's  aphasia  in  that  there  also 
exists  the  faculty  {d)  of  repeating  words,  (c)  of  writ- 
ing to  dictation,  (/),  and  of  reading  aloud.  If  the 
lesion  is  in  Mm  (5),  the  symptoms  will  be  those  of 
Broca's  aphasia,  but  there  will  exist  (1)  the  faculty  of 
volitional  writing,  and  (2)  of  witing  to  dictation. 
Many  examples  of  this  occur  where  patients  have 
lost  the  faculty  of  speaking,  but  can  express  their 
thoughts  in  writing.  In  lesions  of  the  path  AB  (6), 
there  will  be  loss  of  (1)  understanding  of  spoken 
language,  and  (2)  of  written  language,  and  there  will 
exist  (a)  volitional  speech  (but  it  will  be  para- 
phasic),  {b)  volitional  writing  (but  it  will  have  the 
characters  of  paragraphia),  (c)  the  facultj'  of  repeat- 
ing words,  (d)  reading  aloud,  (c)  writing  to  dictation, 
person  will  be  quite  unable  to  understand  what  he 


The 


and  (/)  power  of  copying  words 
repeats,  reads  aloud,  or  copies.] 

[Fig.  496  shows  diagrammatically  the  conditions  in  motor  and  sensory  aphasia.  From 
the  eye  and  ear  centripetal  fibres  (v  and  a)  ascend  to  terminate  in  the  visual  (Y)  and  auditory 
centres  (A),  in  the  cortex,  while  afi'erent  fibres  (s,  s',  s"),  indicated  by  dotted  lines,  also  pass 
from  the  articulations,  muscles  of  the  hand,  and  orbit  to  the  cerebrum.  "  The  dotted  lines  on  the 
surface  of  the  cortex  represent  the  association  system  of  fibres  which  connects  the  centi-es 
^vith  each  other.  The  centres  for  vocal  (V)  and  written  expression  (W)  are  connected  hy  centri- 
fugal fibres,  m  andm',  with  the  hand  and  larynx  respectively  {Ross).] 

III.  The  thermal  centre  for  the  extremities  is  associated  with  the  motor  areas  (§  377).  Injury 
or  degeneration  of  these  areas  causes  inequality  of  the  temperature  on  both  sides  {Bcchterew). 
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IV.  The  sensory  regions  are  those  areas  in  which  conscious  perceptions  of 
the  sensory  impressions  are  accomplished.  Perhaps  they  are  the  substratum  of 
sensory  perceptions,  and  of  the  memory  of  sensory  impressions. 

1.  The  visual  centre,  according  to  Munk,  includes  the  occipital  lobes  (fig.  484, 
0^  0^),  while,  according  to  Ferrier,  it  also  includes  the  angular  gyrus.  Huguenin 
observed,  in  a  case  of  long-standing  blindness,  consecutive  disappearance  of  the 
occipital  convolutions  on  both  sides  of  the  parieto-occipital  fissure,  while  Giovanardi, 
in  a  case  of  congenital  absence  of  the  eyes,  observed  atrophy  of  the  occipital  lobes, 
which  were  separated  by  a  deep  furrow  from  the  rest  of  the  brain.  Stimulation  of 
the  centre  gives  rise  to  the  phenomena  of  light  and  colour.  Injury  causes  disturb- 
ance of  vision,  especially  hemiopia  of  the  same  side  (§  344 —  Westphal).  When 
one  centre  is  the  seat  of  irritation,  there  is  photopsia  of  the  same  halves  of  both 
eyes  {Charcot).  Stimulation  of  both  centres  causes  the  occurrence  of  the  phenomena 
of  light  or  colour,  or  visual  hallucinations  in  the  entire  field  of  vision.  Cases  of 
injury  to  the  brain,  where  the  sensations  of  light  and  space  are  quite  intact,  and 
where  the  colour  sense  alone  is  abolished,  seem  to  indicate  that  the  colour  sense 
centre  must  be  specially  localised  in  the  visual  centre  (Samelsohn).  After  injury  of 
certain  parts,  especially  of  the  lower  parietal  lobe,  "usj'c/wcrti  blindness  "  may  occur. 
A  special  fcjrm  of  this  condition  is  known  as  "  word-blindness "  or  alexia 
(Coecitas  verbalis),  which  consists  in  this  that  the  patient  is  no  longer  able  to 
recognise  ordinary  written  or  printed  characters  (p.  711). 

Charcot  records  an  interesting  case  of  psychical  blindness.  After  a  violent  paroxysm  of  rage, 
an  intelligent  man  suddenly  lost  the  memory  of  visual  impressions  ;  all  objects  (persons,  streets, 
houses)  which  were  well  known  to  him  appeared  to  be  quite  strange,  so  that  he  did  not  even 
recognise  himself  in  a  mirror.    "Visual  perceptions  were  entirely  absent  from  his  dreams. 

Clinical  observations  on  hemianopia  (§  344)  show  that  the  field  of  vision  of  each  eye  is 
divided  into  a  larger  outer  and  a  smaller  inner  portion,  separated  from  each  other  by  a  vertical 
line  passing  through  the  macula  lutea.  Each  right  or  left  half  of  both  visual  fields  is  related 
to  one  hemisphere  ;  both  left  halves  are  projected  upon  the  left  occipital  lobes,  and  both  right 
upon  the  right  occipital  lobes  (fig.  487).  Thus,  in  binocular  vision,  every  picture  (when  not 
too  small)  must  be  seen  in  two  halves  ;  the  left  half  by  the  left,  the  right  half  by  the  right 
hemisphere  ( Wernicke). 

As  a  result  of  pathological  stimulation  of  the  visual  centre,  especially  in  the  insane,  visual 
spectres  may  be  produced.  Pick  observed  a  case  where  the  hallucinations  were  confined  to  the 
right  eye.  Celebrated  examples  of  ocular  spectra  occurred  in  Cardanus,  Swedenborg,  Mcolai, 
J.  Kerner,  and  Holderlin. 

After  degeneration  of  the  cortical  centre,  the  fibres  which  connect  the  occipital  lobes  with  the 
external  geniculate  body,  the  anterior  corpora  quadrigemina,  pulvinar,  these  structures  them- 
selves, and  the  origin  of  the  optic  tract  undergo  degeneration  {v.  Monakow). 

2.  The  auditory  centre  lies  on  both  sides  (grossed)  in  the  temporo-sphenoidal 
lobes  [according  to  Ferrier  in  the  superior  temporal  convolution] ;  when  it  is  com- 
pletely removed,  deafness  results,  while  partial  (left  side)  injury  causes  psychical 
deafness.  [See  p.  704  for  contradictory  results.]  Amongst  the  phenomena  caused 
by  partial  injury  is  surditas  verbalis  (word-deafness),  which  may  occur  alone  or  in 
conjunction  with  coecitas  verbalis.  Wernicke  found  in  all  cases  of  word-deafness 
softening  of  the  first  left  temporo-sphenoidal  convolution  (p.  704).  In  left-handed 
persons,  the  centre  lies  perhaps  in  the  right  temporo-sphenoidal  lobes  ( Westjjhal). 

Clinical. — We  may  refer  word-blindness  and  word-deafness  to  the  aphataxic  group  of  diseases, 
in  so  far  as  they  resemble  the  amnesic  form.  A  person  word-blind  or  word-deaf  resembles  one 
who  in  early  youth  has  learned  a  foreign  tongue,  which  he  has  completely  forgotten  at  a  later 
period.  He  hears  or  reads  the  words  and  written  characters  ;  he  can  even  repeat  or  write  the 
words,  but  he  has  completely  lost  the  significance  of  the  signs.  While  an  amnesic  aphasic 
person  has  only  lost  the  key  to  open  his  vocal  treasure,  in  a  person  who  is  word-blind  or  word- 
deaf  even  this  is  gone.  From  a  case  of  recovery  it  is  known  that  to  the  patient  the  words  sound 
like  a  confused  noise.  Huguenin  found  atrophy  of  the  temporo-sphenoidal  lobes  after  long- 
continued  deafness. 

3.  Gustatory  and  Olfactory  Centre. — In  the  uncinate  gyrus  on  the  inner  side 
of  the  temporo-sphenoidal  lobe  (especially  on  the  inner  side  of  that  marked  U  in 
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fig.  480),  Feri-ier  locates  the  joint  centres  for  smell  and  taste.    These  two  centres 
do  not  seem  to  be  distinct  locally  from  each  other. 

4.  Tactile  Areas. —According  to  Tripier  and  others,  all  the  tactile  cerebi'al 
fields  from  different  parts  of  the  body  coincide  with  the  motor  cortical  centres  for 
these  parts  [compare  p.  7051. 

Occasionally,  in  epileptics,  strong  stimulation  of  the  seusoiy  centres,  as  expressed  in  the 
excessive  subjective  sensations,  accompanies  the  spasmodic  attacks  (compare  §  393,  12).  Such 
epileptiform  hallucinations,  however,  occur  without  sjjasms,  and  are  accompanied  oulj'  by  dis- 
turbances of  consciousness  of  very  short  duration  (Bcrgcr). 

Course  of  the  Sensory  Paths. — The  nerve-fibres  which  conduct  impulses  from  the 
sensory  organs  to  the  sensory  cortical  centres  pass  through  the  j^osteriw  third  of  the 
posterior  limb  o  f  the  internal  capsule  between  the  optic  thalamus  and  the  lenticular 
nucleus  (fig.  500,  S).  Hence,  section  of  this  part  of  the  internal  capsule  causes 
hemiansesthesia  of  the  opposite  half  of  the  body  (Charcot).  In  such  a  case, 
sensory  functions  are  abolished — only  the  viscera  retaining  their  sensibility.  There 
may  also  be  loss  of  hearing,  smell,  and  taste, — and  hemiopia  (Bechterew). 

Pathological. — In  cases  where  there  is  more  or  less  injury  or  degeneration  of  these  paths, 
there  is  a  corresponding  greater  or  less  pronounced  loss  of  the  pressure  and  temperature  sense, 
of  the  cutaneous  and  muscular  sensibility,  of  taste,  smell,  and  hearing.  The  eye  is  rarely  quite 
blind,  but  the  sharpness  of  vision  is  interfered  with,  the  field  of  vision  is  narrowed,  while  the 
colour  sense  may  be  partially  or  completely  lost.  The  eye  on  the  same  side  may  suffer  to  a 
slight  extent. 

V.  Numerous  cases  of  injury  of  the  anterior  frontal  region,  without  interference 
with  motor  or  sensory  functions,  have  been  collected  by  Charcot,  Ferrier,  and 

others.  On  the  other  hand,  en- 
feeblement  of  the  intelligence 
and  idiocy  are  often  observed  in 
acquired  or  congenital  defects  of 
the  prefrontal  region.  In  highly 
intellectual  men,  Eiidinger  found 
in  addition  a  considerable  de- 
velopment of  the  temporo-sphe- 
noidal  lobe.  According  to 
Flechsig,  there  is  no  doubt  that 
the  frontal  lobes  and  the  tem- 
poro-occipital  zone  are  related 
to  intellectual  processes,  more 
especially  the  "  higher"  of  these. 

Topography  of  the  Brain. — The 
relations  of  the  chief  fissures  and  con- 
volutions of  the  brain  to  the  surface 
of  the  skull  are  given  in  fig.  484,' 
the  brain  being  represented  after 
Ecker.  [Turner  and  others  have 
given  minute  directions  for  finding 
the  position  of  the  different  con- 
volutions by  reference  to  the  sutures 
and  other  "prominent  parts  of  the 
skull.  The  annexed  diaCTani  by 
R.  W.  Reid  shows  the  relation  of 
the  convolutions  to  certain  fixed 


Relation  of  the  fissures  and  convolutions  to  the  surface  of  liaes  (fig.  497).] 
the  scalp,    -f ,  most  prominent  part  of  the  parietal  emi-     [The  position 


of  the  fissure  of 


nence ;  a,  convex  line  bounding  parietal  lobe  below  ;  h,  Eolando,  where  its  upper  end  joins 
convex  line  bounding  the  temporo-sphenoidal  lobe  behind  the  great  longitudinal  fissure,  is  ob- 
{E.  W.  Raid).  tained  by  measuring  on  the  scalp  K 

in  the  middle  line  the  distance  between  the  glabella  and  the  external  occipital  protuberance,  or 
the  inion,  which,  in  ordinary  heads,  varies  from  11  to  13  inches  (fig.  499).  Measured  from 
before  backwards,  along  this  line,  the  distance  from  the  glabella  to  the  top  of  the  fissure  is  5o  / 
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ceut.  of  the  length  of  the  whole  line.  The  direction  of  the  fiasuro  is  downwards  and  for- 
rds.  and  the  long  axis  of  the  fissure  forms,  yvitii  the  average  mesial  line,  an  angle  of  67", 


per 

the  angle  opening  forwards.  Its 
average  length  is  3 J  inches.] 

[The  fissure  of  Slyyius  is  found 
by  drawing  a  line  from  the  ex- 
ternal angular  process  of  the  frontal 
bono  backwards  to  the  occipital 
protuberance,  taking  the  nearest 
route  between  these  two  points. 
A  point,  U  inch  backwards  from 
the  angular  process  along  this  line, 
marks  the  origin  of  the  fissure  ; 
while  a  sti-aight  line  drawn  to  the 
centre  of  the  parietal  eminence 
marks  the  course  of  its  posterior 
limb.  The  parieto-occipital  fissure 
will  be  two  inches  behind  the  upper 
end  of  the  Rolandic  fissure  {A.  W. 
Bare).  . 

[Corpus  Callosum.  — It  is  usually 
stated  that  the  corpus  callosum 
connects  the  convolutions  of  one 
side  of  the  brain  with  those  on  the 
other,  i.e.,  that  it  is  an  inter- 
hemispherical  commissure.  D.  J. 
Hamilton,  however,  is  of  opinion 
that  it  is  not  an  inter-hemispheric 
commissure,  but  is  due  to  cortical 
fibres  coming  from  the  cortex 
cerebri  to  be  connected  with  the 
basal  ganglia  of  the  opposite  side. 
On  this  view,  the  "corona  radiata," 
as  usually  understood,  consists  only 
of  the  fibres  which  pass  from  the 
cerebral  peduncle  directly  up  to  the 
cortex  on  the  same  side,  and  are 
contained  in  the  posterior  division 
and  knee  of  the  internal  capsule. 
They  correspond  to  the  motor 
pyramidal  tracts.  Hamilton  main- 
tains that  all  the  other  fibres  of 
the  internal  capsule  pass  into  the 
crossed  callosal  tract,  and,  instead 
of  running  directly  up  to  the  cortex 
on  the  same  side,  cross  in  the 
corpus  callosum  to  the  cortex  of 
the  opposite  side.  Beevor,  relying 
on  the  examination  of  the  brain  of 
monkeys,  by  Weigert's  method, 
denies  that  any  fibres  of  the  corpus 
callosum  pass  into  the  external  or 
internal  capsules,  and  he  supports  Fi 
the  old  view  that  the  corpus  cal- 
losum is  a  commissure  between  the 
two  hemispheres.] 

Erb  observed  a  case  of  its  almost 
complete  destruction  without  any 
considerable  effect  on  motility, 
co-ordination,  sensibility,  [reflexes, 
senses,  speech,  or  any  marked  im- 
pairment of  intelligence. 
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Fig.  499. 

498. — The  fissures  of  Rolando  and  Sylvius  are  marked 
as  broad  dark  lines.  The  shaded  circles  mark  approxi- 
mately the  motor  areas.  1,  lower  extremity;  2,  3,  4,  5,  6, 
and  a,  i,  c,  d,  upper  extremity  ;  7,  8,  9,  10,  11,  oro- 
lingual  muscles  {A.  TV.  Hare).  Fig.  499. — Head,  skull, 
and  cerebral  fissures.  OPr,  occipital  protuberance  ;  EAP, 
external  angular  process  ;  SF,  Sylvian  fissure  ;  A,  its 
ascending  limb  ;  FR,  fissure  of  Rolando  ;  PE,  parietal 
eminence ;  MMA,  middle  meningeal  artery ;  TS,  tip  of 
temporo-sphenoidal  lobe ;  B,  Broca's  convolution ;  IF, 
inferior  frontal  sulcus ;  POF,  parieto-occipital  fissure ; 
IPF,  intra-parietal  sulcus  {A.  W.  Hare). 

-MID  BRAIN. — [The  corpus  striatum  consists  of  two  parts,  an  intra-ventricular 
portion  projecting  into  tlie  lateral  ventricle,  the  caudate  nucleus,  and  an  extra- 
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ventricular  portion,  the  lenticular  nucleus.  Between  the  head  of  the  caudate 
nucleus  internally,  and  the  lenticular  nucleus  externally,  lies  the  anterior  division 
of  the  internal  capsule.  The  fibres  which  pass  between  these  ganglia  do  not 
seem  to  form  connections  with  them.  The  expanded  head  of  the  caudate  nucleus 
is  in  front,  and  lies  inside  and  around  the  front,  of  the  lenticular  nucleus,  with 
which  and  the  anterior  perforated  space  it  is  continuous;  it  sweeps  backwards 
into  a  tailed  extremity,  which  nearly  surrounds  the  lenticular  nucleus  like  a  loop.  ' 
The  lenticular  nucleus  is  biconvex  in  a  horizontal  section,  but  triangular  and 
subdivided  into  three  divisions  when  seen  in  a  vertical  section  (fig.  501).  The 
older  observations  on  the  corpora  striata  in  man  may  be  dismissed,  as  a  distinction 
was  not  drawn  between  injury  to  its  two  parts  on  the  one  hand  and  the  internal 
capsule  on  the  other.] 

[The  caudate  nucleus  and  lenticular  nucleus  in  their  development  are  co- 
ordinate with  the  development  of  the  cortex  cerebri.    Electrical  stimulation  of 
these  ganglia  causes  general  muscular  contractions  in  the  opposite  half  of  the  body, 
which  are  due  to  simultaneous  stimulation  of  the  neighbouring  cortico-muscular  li 
paths.    The  same  result  is  obtained  as  if  all  the  motor  cortical  centres  were  stimu-  " 
lated  simultaneously.] 

Gliky  did  not  observe  movements  on  stimulating  the  corpus  striatum  in  rabbits  ;  it  would  J 
seem  that,  in  these  animals  the  motor  paths  do  not  traverse  these  ganglia,  but  merely  pass  along-  ^ 
side  of  them. 

[Lesions  of  the  lenticular  nucleus  or  of  tlie  caudate  nucleus  do  not  seem  to  give 
rise  to  any  permanent  symptoms,  provided  the  internal  capsule  be  not  injured.] 
Destruction  of  the  internal  capsule,  however,  causes  paralysis  of  motion  or 
sensibility,  or  both,  on  the  opposite  side  of  the  body,  according  to  the  part  of  it 
which  is  injured.  The  corpus  striatum  is  quite  insensible  to  painful  stimulation 
(Longet). 

Pathological. — In  man,  a  lesion,  not  too  small,  destroying  the  anterior  part  of  the  corpus 
striatum  is  followed  by  permanent  paralj'sis  of  the  opposite  side,  provided  the  internal  capsule 
is  injured,  but  the  paralysis  gradually  disappears,  if  the  lenticular  and  caudate  nucleus  only  are 
affected  (compare  §  365).  Sometimes  there  is  dilatation  of  the  blood-vessels  in  consequence  of 
vaso-motor  paralysis  (§  377)  if  ,the  posterior  part  is  injured  {Notlinagcl)  ;  redness  and  a  slightly 
increased  temperature  of  the  paralysed  extremities,  at  least  for  a  certain  time  ;  swelling  or 
cedema  of  the  extremities  ;  sweating  ;  anomalies  of  the  pulse  detectable  by  the  splij-gmograph  ; 
decubitus  acutus  on  the  paralysed  side  ;  abnormalities  of  the  nails,  hair,  skin  ;  acute  inflamma- 
tions of  joints,  especially  of  the  shoulder.  Later,  contracture  or  permanent  contraction  of  the 
paralysed  muscles  takes  place  {Hugucnin,  Charcot).  In  some  cases  there  is  cutaneous  ansesthesia, 
and  occasionally  enfeeblement  of  the  sense-organs  of  the  paralysed  side,  and  both  when  the 
posterior  third  or  sensory  crossway  of  the  posterior  section  of  the  internal  capsule  is  aflected. 
Usually,  however,  hemiplegia  and  hemicmucstJicsia  occur  together. 

Optic  Thalamus. — Ferrier  did  not  observe  any  movements  on  stimulating  the 
optic  thalami  with  electricity.  As  the  pulvinar,  or  posterior  extremity  of  the  optic 
thalamus,  is  in  part  the  origin  of  the  optic  nerve,  and  is  also  connected  by  fibres 
with  the  cortex  cerebri,  it  is  probably  related  to  the  sense  of  sight.  Injury  to  its. 
posterior  third  in  man,  results  in  disturbance  of  vision  (Nothnagel).  Ferrier 
surmises  that  the  sensory  fibres  pass  through  the  optic  thalami  on  their  way  to  the 
cortex,  so  that  when  they  are  destroyed,  insensibility  of  the  opposite  half  of  the 
body  is  produced.  Piemoval  of  the  optic  thalamus,  or  destruction  of  the  part  ia 
the  neighbourhood  of  the  inspiratory  centre  in  the  wall  of  the  third  ventricle, 
influences  the  co-ordinated  movements  in  the  rabbit  {Christiani). 

"We  know  very  little  definitely  as  to  the  functions  of  these  organs.  After  injury  to  one 
thalamus,  there  ha.s  been  observed  enfeeblement  or  paralysis  of  the  muscles  of  the  opposite  side, 
together  with  mouvements  de  manege;  aud  sometimes  hemiana^sthcsia  of  the  opposite  side, 
with  or  without  affections  of  the  motor  areas,  have  been  recorded.  Extirpation  of  certain 
cortical  areas  (rabbit)  is  followed  by  atrophy  of  certain  parts  of  the  thalamus  {v.  MonakoK). 

[Internal  Capsule. — In  connection  with  the  functions  of  the  basal  ganglia,  it  is 
most  important  to  remember  their  relation  to  the  internal  capsule.    The  corpus 
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striattrm  consists  of  an  intra-ventricular  part,  the  caudate  nucleus ;  and  an  extra- 
ventricular  part,  the  lentictdar  micleiis.  The  lenticular  nucleus  consists  of  three 
parts,  best  seen  in  a  vertical  section  (fig.  501,  1,  2,  3),  with  white  matter  between 
them'  the  striae  meduUares.    The  anterior  limb  of  the  internal  capsule  sweeps 


Sotimi  lucidum. 


Columnae  forai^ia 


Corpus  striatum. 


Sti'b  terminalis 


lalmaus  opticus. 


biuni  ('"Tijnnc 
LIU  aniicum. 
tlunculxis  cerebri, 


ad  corpora 
quadrige- 
iniua. 
.eduUam 


ad: 
oblougatiiin, 


iul  poutem. 


Gyrus  fornicatus 
Corpus  cftllosuiu 


Cornu  anticum. 


Caput  nuclei  caudatL 


Capsula  interna 
(auterior  liuib). 

Capsula  externa. 

Island  of  ReiL 

Nucleus  lentiformia. 
Claustrum. 


Capsula  interna 
(posterior  liinb). 
-  Thalamus  opticj*. 

Corpus  genicula- 
tum  mediate. 

Cam  ate  nucleua 


Hippocampus. 


Calcai-  ttVia. 


A '.a,  ciuereae 


Obex. 


Funiculus  gracUls. 

Fig.  500. 

Human  brain,  with  the  hemispheres  removed  by  a  horizontal  incision  on  the  right  side.  4, 
trochlear  ;  8,  acoustic  nerve  ;  6,  origin  of  the  abducens  ;  F,  A,  L,  position  of  the  pyramidal 
(motor)  fibres  for  the  face,  arm,  and  leg  ;  S,  sensory  fibres. 

between  the  caudate  and  lenticular  nucleus,  while  the  posterior  segment  lies  between 
the  optic  thalamus  and  the  lenticular  nucleus  (fig.  500).  External  to  the  first 
division  of  the  lenticular  nucleus  is  the  external  capsule  (figs.  500,  501),  whose 
function  is  unknown.    External  to  this  is  the  claustrum,  whose  function  is  also 
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unknown 
to  in 
or  as 


only  destoy  the  lenticular  nucleus,  but  the  internal  capsule  will  be  compressed ; 
and  the  same  is  the  case  with  the  lenticulo-optic  artery — the  external  capsule  will 
tend  to  force  the  blood  inwards.  We  know  that,  in  the  posterior  segment  of  the 
capsule,  the  volitional .  or  pyramidal  fibres  lie  in  the  following  order  from  before 
backwards — those  for  the  face  (and  tongue)  in  the  knee,  in  the  anterior  third 
those  for  the  arm  and  hand,  and  in  the  middle  third  for  the  leg,  and  perhaps  behind 
these  those  for  the  trunk  (fig.  500,  F,  A,  L),  so  that  a  very  small  lesion  in  this 
region  will  affect  a  large  number  of  these  fibres,  converging  as  they  do  like  the 
rays  of  a  fan  from  the  motor  cortical  areas,  where  the  arrangement  of  these  centres 
is  a  supero-inferior  one  (fig.  488),  to  become  an  antero-posterior  one  in  the  knee 

and  posterior  limb  of  the 
internal  capsule  (fig.  .^00). 
The  posterior  third  of  this 
limb  is  sensory  and  is  the 
"  sensory  crossway."] 

[Horsley  points  out  tliat 
morrliage  from  the  leiiticulo- 
striate  artery  affects  in  order  the 
muscles  of  the  face,  arm,  leg,  and 
trunk,  while  recovery  is  in  tlie 
inverse  order.] 

[The  crura  cerebri  (fig. 
461,  P),  or  cerebral  pe- 
duncles, are  two  thick 
strands  as  they  emerge 
above  the  pons,  and  as  they 
are  much  larger  than  the 
pyramidal  tracts,  they  must 
receive  many  fibres  within 
the  pons.  A  transverse  sec- 
tion (fig.  502)  shows  that, 
on  them  posteriorly  and  con- 
necting them,  are  the  cor- 
pora quadrigemina  (CQ). 
The  crus  proper  is  divided 
by  the  substantia  nigra  (SN) 
into  a  lower  part,  the  erusta 
or  basis,  and  an  upper  part,  or  tegmentum.  The  crusta  is  composed  of  ascending 
and  descending  nerve-fibres';  but  the  tegmentum,  in  addition  to  many  nerve-fibres, 
contains  much  grey  matter  with  nerve-cells.  Near  the  middle  is  the  "  red  nucleus  - 
or  "  tegmental  nucleus  "  (RN).  Outside  this  is  the  fillet  (F),  a  well-defined  bund  e 
of  nerve-fibres  running  upwards  from  the  pons.  Above  the  nucleus,  near  the  middle 
line,  is  the  "posterior  longitudinal  bundle  "  (p.  1.  b.),  which  is  triangular  in  section 
Above  the  tegmentum  lie  many  nerve-cells,  the  origin  of  the  third  nerve  (III),  and 
arranged  around  the  iter  is  much  grey  matter.] 

Injury  to  one  cerel)ral  peduncle  causes,  in  the  first  place,  violent  pain  and  spasm 
of  the  opposite  side,  while  the  blood-vessels  on  that  side  contract,  and  the  salivary 
glands  secrete.  These  phenomena  of  irritation  are  followed  by  paralytic  symptoms 
of  the  opposite  side,  viz.,  anesthesia  (§  365)  and  paresis,  or  incomplete  voluntary 
control  over  the  muscles,  as  well  as  paralysis  of  the  vaso-motor  nerves,  in 
affections  of  the  cerebral  peduncle  in  man,  we  must  remember  the  relation  ot 
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Fig.  501. 

Frontal  section  through  the  right  cerebral  hemisphere  in  front 
of  the  soft  commissure  (posterior  surface  of  the  section). 
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the  oculomotorius  to  it,  as  the  latter  is  often  paralysed  on  the  same  side  [while 
the  extremities,  tongue,  and  half  the  face  are  paralysed  on  the  opposite  side  from 
the  lesion]. 

The  middle  third  of  the  criista  of  the  cerebral  peduncle  (Hp.  502)  includes  the  direct  pyramidal 
tracts  (§§  365,  37S).  The  fibres  of  the  inner  third  connect  the  frontal  lobes  with  the  cerebellum 
throuijii  the  superior  cerebellar  peduncles.  In  the 
outer 'third  are  fibres  which  connect  the  pons  with 

tlio  temporal  and  occipital  cerebral  lobes  (Flech-  ,     ✓"Ac  \> 

sUj).    The  fibres  which  jxass  from  the  tegmentum 

iuto  the  corona  radiata  conduct  sensory  impulses  /  /  /,  1  loSi-  \  \ 

{FhcJisig). 

[The  pons  varolii  contains  ascending  and 
descending  fibres,  as  well  as  transverse  ones, 
and,  in  addition,  the  continuation  upwards 
of  grey  matter  from  the  medulla,  special 
masses  of  grey  matter,  and  the  nuclei  of 
certain  cranial  nerves.  Its  appearance  in 
section  necessarily  varies  with  the  region 

where  the  section  is  made.    Fig.  503  is  5Q2_ 
a  transverse  section  through  part  of  the  ^^-^^^^^^      transverse"  section  of  the  cerebral 


seventh  nerve.  The  lower  part  shows  the 
superficial  (s.tf.)  and  deep  (d.tf.)  trans- 
verse fibres,  with  the  pyramidal  fibres  (Py) 
between  them.] 

Stimulation  or  section  of  the  pons  causes 
pain  and  spasms ;  after  the  section,  there 
may  be  sensory,  motor,  and  vaso-motor 


peduncles.  CQ,  corpora  quadrigemina ;  Aq, 
aqueduct ;  p.l.b.,  posterior  longitudinal 
bundle  ;  F,  fillet  or  lemniscus ;  EN,  red 
nucleus  ;  SN,  substantia  nigra ;  III,  third 
nerve  ;  Py,  pyramidal  ti'acts  ;  FC,  fronto- 
cerebeilar ;  and  TOO,  temporo-occipital 
fibres  of  the  crasta  ;  CC,  caudate-cerebellar 
fibres  in  upper  part  of  crusta  (after  Weniiclcc 
and  Gowers). 


l)aralysis,  together  with  forced  movements. 
For  diagnostic  purposes  in  man,  it  is  important  to  observe  if  alternate  hemiplegia  be 
present. 

[In  lesions  situated  in  the  lower  half  of  one  side  of  the  pons,  there  is  facial  paralysis  on  the 


Fig, 


Fig.  504. 

503. — Transverse  section  of  the  pons  through  part  of  the  seventh  nerve,  x  2.  F.R.,  for- 
matio  reticularis ;  VII,  seventh  nerve  ;  Va,  ascending  root,  and  Vm,  motor  root  of  the 
fifth  nerve;  F,  fillet;  s.o.,  superior  olive;  s.l.b.,  superior  longitudinal  bundle ;  Fy,  pyra- 
midal fibres  ;  R,  restiform  body  ;  M.P.,  middle  peduncles  of  cerebellum  ;  d.t.f.  and  s.t.f., 
deep  and  transverse  superficial  fibres  of  the  pons  (after  Wernicke).  Fig.  504.— Scheme  of 
the  fibres  in  the  pons  ;  FT,  pyramidal  tracts  ;  F,  facial  fibres  ;  ti,  upper,  I,  lower  lesion  ; 
MO,  medulla  oblongata  ;  DP,  decussation  of  pyramids. 

same  side  as  the  lesion  and  paralysis  (motor  and  sensory,  and  more  or  less  complete)  on  the 
opposite  side  of  the  body— this  is  called  alternate  paralysis  ;  while,  if  the  lesion  be  in  the  upper 
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half  of  one  side  of  the  pons,  the  facial  paralysis  is  on  the  same  side  as  the  paralysis  of  the  body. 
But  the  parts  8upplieil  by  the  5th  and  6th  nerves  nmy  also  be  involved.  This  is  explained  by 
lig.  504,  where  the.  upjier  fauiiil  libres  cross  in  the  pons.  Sudden  and  extensive  lesions  of  the 
pons  are  frequently  associated  with  liyperpyrexia,  the  temperature  often  rising  rapidly  within 
an  hour,  perhaps  from  the  grey  matter  in  the  iioor  of  the  4th  ventricle  being  afieeted  ;  but 
whether  it  is  due  to  some  effect  on  a  lieat-regulating  or  heat-producing  centre  is  uncertain. 
Tumom-B  of  considerable  size  may  press  on  the  pons  without  producing  very  marked  symptoms, 
as  tumours  tend  to  push  aside  tissues,  unless  they  be  infiltrating  in  their  character.  Lesions  of 
the  transverse  superlicial  fibres  (middle  cerebellar  peduncles)  often  give  rise  to  involuntary 
forced  movements,  there  being  a  tendency  to  move  to  one  side  or  the  other.] 

The  Corpora  ftuadrigemina. — Destruction  of  these  bodies  on  one  side  in 

mammals  (or  their  homologues,  the  optic  lobes  in  birds,  amphibians,  and  fishes) 
causes  actual  blindness,  which  may  be  on  the  same  or  the  opposite  side,  according 
to  the  relation  of  the  fibres  crossing  at  the  optic  chiasma  (§  344).  Total  de.struction 
causes  blindness  of  both  eyes.  At  the  same  time,  the  reflex  contraction  of  the 
pupil,  due  to  stimulation  of  the  retina  with  light,  no  longer  takes  place  (Flour/ins), 
where  the  optic  is  the  afferent  and  the  oculomotorius  the  efferent  nerve  345). 
If  the  cerebral  hemispheres  alone  be  removed,  the  pupil  still  contracts  to  light,  as 
well  as  after  mechanical  stimulation  of  the  optic  nerve  (H.  Mayo).  Destruction  of 
the  corpora  quadrigemina  interferes  with  the  complete  harmony  of  the  motor  acts ; 
disturbance  of  equilibrium  and  inco-ordination  of  movements  occur  (Serres).  In 
frogs,  Goltz  observed  not  only  awkward  clumsy  movements,  but  at  the  same 
time  the  animals  have  to  a  large  extent  lost  the  power  of  completely  balancing  the 
body  (p.  683).  A  similar  result  was  observed  in  pigeons  {M'Kendrick)  and 
rabbits  (Ferrier).  Extirpation  of  the  eyeball  is  followed  by  atrophy  of  the  opposite 
anterior  corpus  quadrigeminum  (Giidden). 

According  to  Bechterew,  the  fibres  of  one  optic  tract  pass  through  the  anterior  brachium  (fig. 
500)  into  the  anterior  pair  (nates)  of  the  corpora  quadrigemina  ;  while  those  fibres  which  cross 
in  the  chiasma  (fig.  425)  pass  into  the  posterior  pair  (testes).  According  to  this  arrangement 
we  have  partial  blindness,  according  as  one  or  other  pair  of  these  bodies  is  destroyed. 

rin  man  very  little  is  known  regarding  the  effects  of  disease  of  the  corpora  quadrigemina, 
interference  with  the  ocular  muscles  being  the  most  marked  symptom  ;  but  the  mco-ordination 
of  movement  which  has  been  observed  may  be  due  to  pressure  upon  the  superior  cerebellar 
peduncle,  while  it  is  by  no  means  certain  that  the  defects  of  vision  are  directly  due  to  lesions  of 

these  bodies.]  '    ...  j.     i  i 

Stimulation  of  the  Corpora  Quadrigemina. —The  corpora  quadrigemma  react  to  electrica  , 
chemical,  and  mechanical  stimuli.  The  results  of  stimulation  are  very  variously  stated. 
According  to  some  observers,  there  is  dilatation  of  the  pupil  on  the  same  side  ;  according  to 
Ferrier  it  may  be  the  pupil  on  the  opposite  or  on  the  same  side.  The  stimulation  may 
be  conducted  from  the  corpora  quadrigemina  to  the  medulla  oblongata  and  to  the  origm  of  the 
sympathetic,  for,  after  section  of  the  sympathetic  nerve  in  the  neck,  dilatation  of  thejnipd  no 
longer  takes  place.  According  to  Knoll,  tlie  contraction  of  the  P^^l  "^^^'^^ 
experimenter^  occurs  only  when  the  adjoining  optic  tract  is  stimula  ed.  Stimulation  of  the 
right  anterior  corpus  quadrigeminum  causes  deviation  of  both  eyes  to  the  left  (and  conveiseh) , 
on  continuing  the  stimulation,  the  head  is  turned  to  this  side  On  dividing  the  corpora  quad- 
rigemina by  f  vertical  median  incision,  stimulation  of  one  side  causes  the  result  to  take  place 
only  on  one  side  {Adamilk).  Ferrier  observed  signs  of  pain  on  stimulating  these  organs  m 
mammals.  Carville  and  Buret  conclude  from  their  expenments  that  these  organs  are  centre^ 
for  the  extensor  movements  of  the  trunk.  Ferrier  found,  on  stinmlatmg  one  optic  lobe  in  a 
pigeon,  dilatation  of  the  opposite  pupil,  turning  of  the  head  towards  the  other  side  and  back- 
wards movement  of  the  opposite  wing  and  leg  ;  strong  stimulation  caused  flapping  uiovements 
of  botii  wing^  DanUewsky^  Ferrier,  lud  Lauder  Brunton  observed  a  rise  of  the  blood-pressure 
and  slowing  of  the  heart-beat,  together  with  deeper  inspiration  and  expiration. 

Bechterew  ascribes  all  the  phenomena,  except  those  of  vision  itself,  which  accompany  injury 
or  stTmikt  on  0  these  bodiesf  to  affections  of  deeper  seated  parts  He  asserts  tha  the  corpo  a 
nuadri-emina  contain  neither  the  centre  for  the  movements  of  the  pupils  nor  that  for  the 
?ombine7m^^^  the  eyeballs  ;  not  even  the  centre  for  maintaining  the  equilibrium  of 

tT  body  Slation  of  these  bodies  causes  the  animals  to  perform  J^'^^^^Vrfv  Zu r 
Reflex  p^henomena,  nystagmus,  forced  movements,  and  unsteadiness  of  the  gait  onlj  occur, 
however,  when  the  deeper  parts  are  injured.  ,    ^  ■ 

PathoioEical  —Lesions  of  the  anterior  pair  m  man,  according  to  the  extent  ot  tne  lesiou, 
cause  dStuCce  of  vision,  failure  of  the  pupil  to  contract  to  liglit,  and  even  blindness  ;  the.-e 
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may  bo  imralysis  of  the  oculomotorii  on  both  sides.  Disease  of  the  posterior  pair  may  be 
n.ssboiatod  with  tlistiubances  of  co-ordination  {Nothncujcl). 

Forced  Movements.— It  is  evident  from  what  has  been  said  regarding  the 
importance  of  the  corpora  quadrigemina  for  the  harmonious  execution  of  movements, 
that  miilateral  injury  of  such  parts  as  are  connected  with  them  by  conducting 
channels,  must  give  rise  to  peculiar  unilateral  disturbance  of  the  equilibrium, 
causing  'variations  from  the  symmetrical  movements  of  both  sides  of  the  body. 
These  "movements  are  called  forced  movements.  To  this  class  belong  the  "mouve- 
ments  de  manege,"  where  the  animal,  instead  of  moving  in  a  straight  line,  runs  round 
in  a  circle;  index  movements,  where  the  anterior  part  of  the  body  is  moved 
round  the  posterior  part,  which  remains  in  its  place,  just  like  the  movements  of  an 
index  round  its  axis ;  and  rolling  movements,  when  the  animal  rolls  on  its  long  axis. 
All  these  forms  of  movement  may  pass  into  each  other,  and  they  are,  in  fact,  merely 
difEerent  varieties  of  the  same  kind  of  movement.  The  parts  of  the  nervous  system 
whose  injury  produces  these  movements  are  the  corpus  striatum,  optic  thalamus, 
cerebral  peduncle,  pons,  middle  cerebellar  peduncles,  and  certain  parts  of  the 
medulla  oblongata.  Eulenburg  observed  index  movements  in  the  rabbit,  after 
injury  to  the  surface  of  the  brain,  and  Bechterew  observed  the  same  in  dogs. 
Forced  movements,  together  with  nystagmus  and  rotation  of  the  eyeballs,  are 
caused  by  injury  to  the  olives  {Bechtereiu).  The  statements  of  observers  vary  as  to 
the  direction  and  kind  of  movement  produced  by  injuring  individual  parts.  The 
following  observations  have  been  made  : — Section  of  the  anterior  part  of  the  pons, 
and  of  the  crura  cerebelli  causes  index,  or,  it  may  be,  rolling  movements  towards 
the  other  side;  section  of  the  posterior  part  of  the  same  regions  causes  rolling  move 
ments  towards  the  same  side,  while  the  same  result  is  caused  by  a  deeper  puncture 
into  the  tuberculum  acusticum,  or  into  the  restiform  body.  Section  of  one  cerebral 
peduncle  causes  mouvements  de  manege,  while  the  body  is  curved  with  the  con- 
vexity towards  the  same  side.  The  nearer  to  the  pons  the  section  is  made,  the 
smaller  is  the  circle  described  ;  ultimately  index  movements  occur.  Injury  to  one 
optic  thalamus  produces  results  similar  to  puncture  of  the  anterior  part  of  the 
cerebral  peduncle,  because  the  latter  is  injured  along  with  it  at  the  same  time. 
Injury  to  the  anterior  part  of  one  optic  thalamus  causes  the  opposite  kind  of  forced 
movement,  viz.,  with  the  concavity  of  the  body  towards  the  injured  side.  Injury 
to  the  spinal  portion  of  the  medulla  oblongata  is  followed  by  bending  of  the  head 
and  vertebral  column,  with  the  convexity  towards  the  injured  side,  along  with 
movements  in  a  circle.  When  the  anterior  end  of  the  calamus  and  the  part  above 
it  are  injured,  the  movements  are  towards  the  sound  side. 

Strabismus  and  Nystagmus. — Amongst  the  .forced  movements  maybe  reckoned 
deviation  of  the  eyeballs,  strabismus  or  squinting,  and  involuntary  oscillation  of  the 
eyeballs,  constituting  nystagmus.  The  latter  condition  occurs  after  superficial 
lesions  of  the  restiform  body,  as  well  as  of  the  floor  of  the  4th  ventricle.  A 
unilateral,  deep,  transverse  injury,  from  the  apex  of  the  calamus  upwards  as  far  as 
the  tuberculum  acusticum,  causes  the  eye  of  the  same  side  to  squint  downwards 
and  forwards,  that  of  the  other  side  backwards  and  upwards.  Section  of  both  sides 
causes  this  condition  to  disappear  (Sclmahn).  Hence.  Eckhard  assumes  that  the 
medulla  oblongata  is  the  seat  of  an  apparatus  controlling  the  movements  of  the 
eyes  (Eckhard),  which  can  be  excited  by  sudden  auEemia,  e.g.,  ligature  of  the 
cephalic  arteries  in  a  rabbit. 

In  pathological  degeneration  of  the  olivary  body  of  the  medulla  oblongata  in  man,  Meschede 
observed  intense  rotatory  movements  towards  the  same  side. 

Theory. — In  order  to  explain  the  occurrence  of  forced  movements,  it  is  suggested  that  there 
is  unilateral  incomplete  paralysis  {Lafarqtcc),  so  that  the  animal  in  its  efforts  to  move  onward.o 
leaves  the  paralytic  side  slightly  behind  the  other,  and  hence  there  is  a  variation  from  the 
symmetry  of  the  movements.  Brown-Scquard  regards  the  matter  in  exactly  an  op]iosite  light, 
viz.,  as  due  to  stimulation  from  injury,  causing  an  excessive  activity  of  one-half  of  the  body. 

2  z 
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Honlo  ascribos  tho  movements  to  vertigo,  or  a  feeling  of  giddiness  caused  by  the  iujuiy.  In  all 
operations  on  tho  contnil  nervous  system,  where  the  eiiuilibrium  is  deeply  affected,  there  is  a 
considerable  increase  in  the  number  and  dc|)th  oC  the  respirations  [Luiuluis). 

Other  Effects. —Home  observers  noticed  variations  of  tlie  blood-pressure  and  a  change  in  tin- 
number  of  heart-beats  after  stimulation  of  the  cortex  cerebri,  c.rj. ,  after  electrical  stimulation  of  thi 
motor  areas  for  the  extremities  {Bochefonlaine).  Halogh  observed  acceleration  of  the  piilse,  on 
stimulating  several  points  on  the  cortex  cerebri  of  a  dog,  and  from  one  point  slowing  of  the  pulse. 
Eckhard  stimulated  the  surface  of  the  brain  in  rabbits,  and,  as  a  rule,  lie  observed  that,  as  long  as 
single  crossed  movements  occurred  in  the  anterior  extremities,  there  was  no  effect  upon  the  heart, 
but  that  the  heart  became  alfected  as  soon  as  other  movements  occurred.  This  consists  in  slow 
strong  pulse-beats,  with  occasional  weaker  beats,  while  at  the  same  time  the  blood-pressure  is 
slightly  increased  {Bochcfonlainc).  If  the  vagi  be  divided  beforehand,  the  elfect  upon  the  pulse 
disappears,  while  the  increase  of  the  blood- pressure  remains.  That  psychical  processes  affect  the 
action  of  the  heart  was  known  to  Homer  and  Chrysipp.  Bochefontaine  and  Lepine,  on  stinmkt- 
ing  several  points,  especially  in  the  neighbourhood  of  the  sulcus  cruciatus  in  the  dog,  observed 
increased  secretion  of  saliva,  slowing  of  the  movements  of  the  stomach,  peristalsis  of  the 
intestine,  contraction  of  the  spleen,  of  the  uterus,  - of  the  bladder,  and  increased  respirations. 
Bufalini,  on  stimulating  those  parts  of  the  cortex  which  cause  movements  of  the  jaw,  observed 
secretion  of  gastric  juice  with  increase  of  the  temperature  of  the  stomach.  Sehifl',  Brown- 
Sequard,  Ebstein,  Klosterhalfcn,  and  others  have  observed  that  injury  to  the  pons,  corpus 
striatum,  thalamus,  cerebral  peduncle,  and  medulla  oblongata  often  causes  hyperajmia  and 
hsemorrliage  into  the  lung  (according  to  Brown-Sequard,  especially  after  injury  to  one  side  of 
the  pons,  which  affects  the  opposite  lung),  under  the  pleura,  in  the  stomach,  intestine,  and 
kidneys.  Gastric  hemorrhage  is  common  after  injury  to  the  pons  just  where  the  cerebral 
peduncles  join  it.  Similar  phenomena  have  been  observed  in  man  after  apoplexy  or  cerebral 
liremorrhage. 

Specially  interesting  is  the  cerebral  unilateral  decubitus  acutus  or  bed-sore,  described  bj' 
Charcot,  which  always  occurs  on  the  paralysed  side  of  the  bod}',  i.e.,  on  the  side  opposite  to 

the  cerebral  injury.     It  begins  on  the 
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second  or  third  day,  rapidly  causes  enor- 
mous destruction  and  sloughing  of  the 
tissues  on  the  back  and  low'er  extremities, 
and  death  soon  takes  place.  The  decu- 
bitus which  occurs  after  spinal  injuries, 
irsually  begins  in  the  middle  line  of  the 
buttocks,  and  extends  symmetrically  on 
both  sides.  In  cases  of  unilateral  injury 
to  the  spinal  cord,  the  decubitus  occurs 
on  the  correspondviuj  side  of  the  sacral 
region  (p.  508). 

[The  Pineal  Gland  or  epiphysis  cerebri 
lies  on  the  back  of,  and  is  connected 
with,  the  third  ventricle  (fig.  505,  Z). 
It  projects  backwards  between  the  cor- 
pora quadrigemina.  It  is  originally 
developed  as  a  hollow  outgrowth  from 
that  part  of  the  embryonic  brain  which 
becomes  the  third  ventricle.  The  hoUow 
centre  usually  disappears,  while  the  distal 
portion  becomes  enlarged  and  is  often 
^^^j'  lobulated.  Its  distal  portion  may  ter- 
'  minate  outside  the  skull  ;  and  in  some 
animals  there  is  developed  in  the  median 
line  of  the  skull  an  eye — pineal  eye — 
arranged  on  the  invertebrate  plan,  as  in 
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Fig.  505. 

Longitudinal  section  of  an  adult  human  brain, 
aqueduct  of  Sylvius  ;  B,  corpus  callosum;  Ga, 
rior  commissure  ;   Cm,  middle  commissure 
lamina  terminalis  ;  Gp,  posterior  commissure 
foramen  of  Munro  ;  O,  fornix  ;  H,  pituitary  body  ; 

EH,  cerebellum  ;  MH,  corpora  quadrigemina  ;  ME,  ^  ^ 

medulla  oblongata ;  F,  pons  Varolii;  R,  spinal  cord;  AngmsTHatteri^ 
S]),  septum  lucidum  ;  I,  infundibulum  ;  Tcli,  tela  /g  |o5).] 

choroidea  ;  To,  optic  thalamus  ;  VE,  cerebrum  ;  Z,  pituitary  body  or  hypophysis 

pineal  gland  ;  /,  olfactory  lobe  and  nerve  ;  //,  optic  cerebri  consists  of  two  lobes,  different  in 
nerve.  origin  and  structure  (fig.  505,  E).  The 

■posterior  lobe  is  developed  as  a  hollow  outgrowth  from  the  part  of  the  embryonic  brain  con- 
nected with  the  third  ventricle.  It  loses  its  cavity  and  its  nervous  tissue  ;  is  permeated  by 
connective-tissue  and  blood-vessels  ;  and  is  connected  with  the  floor  of  the  third  ventricle  by 
the  infundibulum.  The  anterior  lobe  is  developed  as  a  tubular  invagination  of  the  stomodwum, 
i.e. ,  from  the  ectoderm  of  the  buccal  cavity  ;  but  it  soon  loses  its  connection  with  this  cavity  as 
the  upper  end  enlarges,  and  the  stalk  atrophies.  In  mammalia,  the  upper  expanded  end  unites 
with  the  anterior  lobe  to  form  the  pituitary  body.    For  the  effects  of  its  removal,  see  g  103,  \ .] 
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"^ftn  STRUCTUEE  AND  FUNCTIONS  OF  THE  CEREBELLUM.— [Structure.— On  examiu- 
,-„;rf  vekioal  section  of  a  cerebellar  leaflet,  we  observe  the  following  microscopic  appearances  : 
IxternaTly,  is  the  pia  mater  with  its  blood-vessels  (iig.  506,  a),  which  penetrate  into  tl  e 
^^ev  inatter  ;  within  is  the  medulla,  composed  of  white  tibres.  The  grey  matter  consists  of  b 
f  bi-oad  outer  or  molecular  layer,  largely  composed  of  branched  fibrils  ;  and  internal  to  it  is  d, 
the  "  granular,"  nuclear,  or  rust-coloured  layer.  On  the  boundary  line  between  these  two  is 
the  laver  of  Pi  rkiiije's  cells,  c.  The  cells  of  Purkinje  form  a  single  layer  of  lai^e  multipolar 
tue  layei  j  flask-shaped  nerve-cells,   which  have  been 

compared  to  the  branched  antlers  of  a  stag 
(fig.  507).  From  their  outer  surface  is  given 
ofl"  a  process  which  rapidly  divides,  and  gives 
rise  to  a  large  number  of  smaller  processes 
running  outwards  in  the  outer  grey  layer. 
Some  of  these  processes  form  part  of  the 
ground-plexus  of  fibrils  in  this  layer.  An 
unbranched  axial  cylinder  process  is  _  sent 
inwards  to  the  granular  layers,  where  it  be- 
comes continuous  with  a  nerve-fibre — every 
cell  of  PurkinjQ  being  continuous  with  a 
straight  unbranched  medullated  nerve-fibre. 
The  unbranched  fibres  run  straight  from  the 
medulla  through  the  granular  layer,  forming 
no  connection  with  its  gi-anules.  A  secoud 
set  of  branched  or  anastomosing,  often  vari- 
cose, nerve-fibres,  finer  than  the  foregoing, 
pass  from  the  medulla  into  the  granular- 
layer,  where  they  form  a  network  which  is. 
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Fig.  506.  Fig.  507. 

Fig.  506. — Vertical  section  of  the  cerebellum,    a,  pia  mater  ;  b,  external  layer  ;  c,  layer  of 

Purkinje's  cells  :  d,  inner  layer  ;  e,  medullary  white  matter.  Fig.  507.— >Purkinje's  cell, 
sublimate  preparation,     x  120. 

continued  into  the  molecular  layer.  The  granular  layer  is  composed  of  closely  packed 
granules  of  two  kinds  ;  one  is  stained  by  hsematoxylin,  and  the  other  with  eosin  (Dcnisscnko). 
The  haematoxylin  stained  cells  are  most  numerous ;  they  consist  of  a  nucleus  surrounded 
by  protoplasm,  and  are  what  were  formerly  called  granules.  The  eosin-stained  cells,  which 
are  also  stained  by  nigrosin  (Beevor),  are  interposed  in  the  course  of  uiedullated  nerve- 
fibres.  The  hsematoxylin  cells,  called  glia-cells  by  Beevor,  have  processes,  and  form  a  net- 
work throughout  the  granular  layer,  which  also  extends  into  the  molecular  layer.  This  net- 
work is  regarded  as  the  continuation  of  the  modified  myelin  of  the  nerve-fibres,  and  it  forms 
a  capsule  for  the  cells  of  Purkinje.  The  molecular  layer  consists  of  a  ground  substance,  cnm- 
I)Osed  of  a  spongy  network  of  tine  fibrils,  which  seem  to  be  of  the  nature  of  neuro-keratin, 
strengthened  here  and  there  by  stronger  fibres.    In  the  meshes  lies  a  homogeneous  substance. 
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Some  of  this  substance  is  more  condensed  to  form  a  Umilans  externa  on  the  surface  of  the 
cerebellum,  while  on  the  boundary  line  next  the  granular  layer  the  branches  of  the  glia-cells 
form  a  liinilaiis  interna,  and  between  the  two  stretches  the  neuro-keratin  network.  Some 
small  varicose  norve-libres  e.xi.st  in  this  liiyor  continuous  with  those  in  the  granular  layer.  The 
branched  process  of  the  cells  of  Purkinje  is  librillatud,  and  the  liner  processes  are  composed 
also  of  librils,  which  are  griulually  distributed  until  they  become  isolated.  It  is  suggested  by 
Beevor  that  these  librils  bend  at  a  right  angle  in  a  i)lane  paiallel  to  the  surface,  and  rearrange 
themselves  as  libres  suriounded  by  a  medullated  sliciath,  and  that  these  fibres  run  inwards 
through  the  molecular  and  granular  layers— as  tlie  branched  libres — to  the  medulla.] 

Function. — Injuries  of  the  cerebellum  cause  disturbances  in  the  harmony  of  the 
movements  of  the  body.  Most  probably,  the  cerebellum  is  a  great  and  important 
central  organ  for  the  finer  co-ordination  and  integration  of  movements.  The  fact 
that  it  is  connected  with  all  the  columns  of  the  spinal  cord  and  with  ail  the  central 
ganglionic  masses,  readers  this  very  probable.  The  direct  cerebellar  tracts  from  the 
lateral  column  of  the  cord  conduct  sensory  impressions  to  the  cerebellum,  and  thus 
indicate  the  posture  of  the  trunk.  The  cerebellum  may  affect  the  motor  nerves  of 
the  cord  through  fibres  which  pass  downward  in  the  lateral  columns  of  the  cord 
from  the  restiform  bodies  (Flechsir/).  Injury  of  the  cerebellum  neither  produces 
disturbance  of  the  psychical  activities,  nor  does  it  interfere  with  the  will  or 
consciousness.    Injuries  to  the  cerebellum  itself  do  not  give  rise  to  pain. 

According  to  Schiff,  the  cerebellum  does  not  actually  regulate  the  co-ordination  of  movements. 
According  to  him,  there  is  a  mechanism  on  both  sides  of  the  middle  line,  which  increases  all 
the  complicated  muscular  movements — not  only  those  for  powerful  contractions,  but  also  the 
.peculiar  fine  movements  which  fix  the  limbs  and  joints.  Luciani  asserts  that  destruction  of 
the  cerebellum  produces  a  condition  of  incomplete  tonus,  there  being  a  want  of  energy  to  control 
the  voluntary  muscles.    Each  half  of  the  organ  acts  on  both  halves  of  the  body. 

Injury  or  Eemoval  of  Cerebellum. — The  immediate  results  produced  by  injury  to 
or  removal  of  the  cerebellum  have  been  admirably  described  by  Flourens  (fig.  508). 

On  removing  the  most  superficial  layers 
in  a  pigeon,  the  animal  merely  showed 
signs  of  weakness  and  interference  with 
the  uniformity  of  its  movements.  On 
removing  more  of  the  cerebellum,  the 
animal  became  greatly  excited,  and  made 
violent  irregular  movements,  which  did 
not  partake  of  the  character  of  con- 
vulsions. The  sensorium  was  unaffected, 
while  vision  and  hearing  were  intact. 
Co-ordinated  movements,  such  as  walk- 
ing, flying,  springing,  and  turning,  could 
be  executed  but  imperfectly.  After  re- 
moval of  the  deepest  layers,  the  power  of 
executing  the  above-named  movements 
was  completely  abolished.    On  placing 


'  Fig.  508. 
Pigeon  with  its  cerebellum  removed. 


the  pigeon  on  its  back,  it  could  not  get  on  its  legs ;  at  the  same  tune  it  made  con- 
tinually the  greatest  exertions  in  its  movements,  but  these  were  always  inco-ordinated, 
and  therefore  without  any  satisfactory  result.  The  will,  intelligence,  and  percep- 
tion remained  intact ;  the  animal  could  see  and  hear,  and  sought  to  avoid  obstacles 
placed  in  its  way.  It  gradually  exhausted  itself  in  fruitless  efforts  to  get  on  its 
legs,  and  ultimately  remained  in  its  abnormal  position,  quite  exhausted.  Flourens 
concluded  from  these  experiments  that  the  cerebellum  is  the  centre  for  co-ordiuatmg 
voluntary  movements.  Lussana  and  Morganti  regard  the  cerebellum  as  the  seat  of 
the  muscular  sense. 

rExtirpation  in  Mammals. —The  dangers  attending  this  operation  are  so  great  that  but  tew 
an  mals  survive.  Luciani,  however,  by  using  antiseptic  and  other  precautions  l;'as  been  able 
to  operate  so  that  complete  cicatrisation  was  obtained,  the  amma  (y«"»g.J'tf 0  b^f  As  iu 
■   '    a  few  months.    The  cerebellum  alone  was  removed,  but  uot  its  peduncles.    As  lu 
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nil  other  similar  operations,  wo  must  distinguish  sharply  tho  phenomena  manifested  during  re- 
Joverv  from  those  after  eomplete  recovery.  During  the  first  period  of  six  weeks,  Irom  the  tuno 
nf  the  operation  until  complete  recovery,  the  symptoms  are  those  of  injury  and  irritation  o  the 
divided  peduncles,  along  with  those  resulting  from  the  removal  of  the  organ.  I  hey  are  clonic 
contractions  of  the  mu.scles  of  the  fore  limb,  neck,  and  hack,  passing  into  tonio  contractions 
when  the  animal  attempts  to  move,  and  also  weakness  of  the  hind  legs,  so  that  all  the  normal 
voluntary  movements  are  interfered  with,  i.e.,  inco-ordinated,  although  these  symptoms  may 
be  exiilained  by  the  injury  to  adjoining  parts.  There  was  no  sensory  disturbance  or  loss  ot  the 
muscular  sense,  although  closing  the  eyes  rendered  standing  impossible.  As  recovery  takes 
place  these  symptoms  disappear,  and  the  animal  enters  on  the  secoiid  period,  where  the 
symptoms  depending  on  the  actual  loss  of  the  organ  are  pronounced.  The  contracture  and 
pseudo-paralytic  weakness  disappear,  while  there  are  alterations  in  the  tone  of  the  individual 
nniscles  producing  a  sort  of  "cerebellar  ataxy."  The  dog  could  swim  in  quite  a  normal 
manner,'  its  power  of  equilibration  was  not  interfered  with,  but  acts  requiring  a  greater  develop- 
ment of  muscular  energy  could  not  be  properly  executed.  This  period  lasted  four  to  five  mouths. 
Alter  this  time  its  health  gave  way,  there  was  otitis,  conjunctivitis,  articular  and  cutaneous 
inflammations,  while  a  peculiar  form  of  marasmus  set  in,  the  animal  dying  after  eight  months. 
In  fishes  also,  the  removal  of  the  cerebellum  does  not  affect  their  power  of  locomotion 
{Bandclot).] 

Duration  of  the  Phenomena. — After  superficial  lesions,  or  after  a  deep  incision, 
the  disturbances  of  co-ordination  soon  pass  away  {Flourens).  If  the  injury  affects 
the  lowest  third  of  the  cerebellum,  the  motor  disturbances  remain  permanently. 
Symmetrical  lesions  do  not  disturb  co-ordination  (Schif).  After  removing  the 
greater  portion  of  the  cerebellum  in  birds,  Weir-Mitchell  has  observed  that  the 
original  disturbances  gradually  disappear ;  and  after  months  only  slight  weakness 
and  a  condition  of  rapid  fatigue  remain. 

After  ablation  of  the  cerebellum,  secondary  degeneration  occurs  in  the  part  of  the  jDons 
around  the  pyramids,  the  lower  olives,  all  the  cerebellar  peduncles  and  the  direct  cerebellar 
tract,  usually  on  the  same  side  {Flechsig).  It  is  found  also  in  individual  fibres  in  all  the 
cranial  nerves  and  the  anterior  roots  of  the  spinal  nerves  {Marchi). 

In  the  dog,  superficial  injuries  of  the  vermiform  process,  or  of  one-half  of  the  organ,  produce 
merely  temporary  disturbances ;  while  deep  injuries  to  the  vermiform  process,  or  removal  of  one 
hemisphere  and  a  part  of  the  vermiform  process,  cause  permanent  rigidity  of  the  legs  and  shaking 
of  the  head  ;  if  the  worm  and  both  halves  are  destroyed,  there  follows  permanent  pronounced 
disturbance  of  co-ordination  [v.  Mering).  According  to  Baginsky,  destruction  of  a  large  part 
of  the  vermiform  process  alone  causes  in  mammals  permanent  disturbance  of  co-ordination. 
Terrier  found  that  a  vertical  section  of  the  cerebellum  in  monkeys,  produced  only  inconsiderable 
disturbances  of  equilibrium ;  after  injury  of  the  anterior  part  of  the  middle  lobe,  the  animal 
often  tumbles  forward;  while,  when  the  posterior  part  is  injured,  it  falls  backward.  After 
injury  of  the  lateral  lobe,  the  animal  is  drawn  towards  the  affected  side  {Schiff,  Vulpian, 
Ferrier,  Hitzig).  If  the  middle  commissure  be  injured,  the  animal  rolls  violently  on  its  long 
axis  towards  the  injured  side  {Magendie).  Paralysis  never  occurs  after  injuries  of  the  cerebellum, 
nor  is  there  ever  disturbance  of  sensation  or  of  the  sense  of  touch.  Luciani  found  that,  in 
animals  with  the  cerebellum  extirpated,  marasmus  ultimately  set  in.  In  frogs,  an  important 
organ  concerned  with  motion  lies  at  the  junction  of  the  oblongata  with  the  cerebellum  (Eckhard). 
After  it  is  removed  the  animal  can  no  longer  execute  co-ordinated  jumping  movements,  nor  can 
it  crawl  {GoUz). 

[In  man,  the  cerebellum  is  connected  with  the  maintenance  of  the  equilibrium.  There  may 
be  a  lesion  of  the  hemispheres  without  any  marked  symptoms ;  but  if  the  middle  lobe  be  injured 
or  pressed  on  by  a  tumour,  there  is  usually  a  reeling  or  staggering  gait,  like  that  of  a  drunken 
man.  Koss  points  out  that,  if  the  tumour  affect  the  upper  part  of  this  lobe,  the  tendency  is  to 
fall  backwards,  and  if  in  the  lower  part,  to  fall  forwards  or  to  revolve  round  a  horizontal  axis. 
Vomiting  is  frequently  persistent  and  well  marked,  while  there  may  be  nystagmus  and  tonic 
retraction  of  the  head.] 

After  injuries  of  the  cerebellum,  involuntary  oscillations  of  the  eyeballs  or  nystagmus,  as 
well  as  squinting  {Magendie,  ffertivig),  have  been  observed ;  while  Ferrier  observed  movements 
of  the  eyeballs  after  electrical  stimulation.  According  to  Curschmann,  Eckhard,  and  Schwann, 
this  occurs  only  when  the  medulla  oblongata  is  involved  (§  379). 

Effects  of  Electricity  and  Vertigo.— If  an  electrical  current  be  passed  through  the  head,  by 
placing  the  electrodes  in  the  mastoid  fossre  behind  both  ears,  with  the  +  pole  behind  the  right 
and  the  -  pole  behind  the  left  ear,  then  on  closing  the  current,  there  is  severe  vertigo,  and  tlie 
head  and  body  lean  to  the  -I-  pole,  while  the  objects  around  seem  to  bo  displaced  "to  the  left. 
If  the  eyes  be  closed,  while  the  cun-ent  is  passing,  the  movements  appear  to  be  transferred  to 
the  person  himself,  so  that  he  has  a  feeling  of  rotation  to  the  left  {Purkinje).    At  the  moment 
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the  head  leans  towards  the  aiiodo,  the  eyes  turn  in  that  direction,  and  often  exhibit  nystagmus. 
The  electrical  cun-ent  probably  stiinulatos  the  nerves  ol'  the  ampiillie,  as  we  know  that  affections 
of  those  bodies  cause  vertigo  (§  350).  The  cerebellum  has  no  relation  to  the  sexual  activities, 
as  was  maintained  by  Gall.  The  contractions  of  the  uterus  observed  by  Valentin,  Budge,  and 
Spiegelbcrg,  after  stimulation  of  the  cerebellum,  are  as  yet  unexplained. 

Pathological. — Lesions  of  one  hemisphere  may  give  rise  to  no  symptoms  ;  but  if  the  middle 
lobe  is  involved,  there  is  inco-ordination  of  movement,  especially  a  tendency  to  fall,  unsteady 
gait,  and  pronounced  vertigo.  Irritative  lesions  of  the  middle  peduncle  cause  complete  gyrating 
movements  of  the  body  around  its  axis,  togothcsr  with  rotation  of  the  eyes  and  head  {Nuihnagd). 

381.  PROTECTIVE  APPARATUS  OP  THE  BRAIN.— The  Membranes. —The  dura  mater 
cerebralis  is  intimately  united  to  the  periosteum  of  the  cavity  of  the  skull,  while  the  spinal 
dura  mater  forms  around  the  spinal  cord  a  freely  su.spended  long  sac,  fixed  only  on  its  anterior 
.surface.    It  is  a  librous  membrane,  con.sisting  of  firm  bundles  of  connective-tissue  intermixed 

with  numerous  elastic  fibres,  and 
provided  with  flattened  connective- 
tissue  corpuscles  and  "Waldeyer's 
plasma  cells.  The  smooth,  inner 
surface  is  covered  with  a  layer  of 
endothelium.  It  is  but  slightly 
supplied  with  blood-vessels,  although 
they  are  more  niimerous  in  the  outer 
layers;  the  lymphatics  are  numerous, 
while  nerves  whose  terminations  are 
unknown  give  to  the  dura  its  ex- 
quisite sensibility  to  painful  opera- 
tions on  it.  Pacinian  corpuscles 
have  been  found  in  the  dura  over 
the  temporal  bone.  The  lymphatic 
subdural  space  {Key  and  Relzius) 
lies  between  the  dura  and  the  arach- 
noid, and  between  the  pia  and  arach- 
■pj^  noid  is  the  subarachnoid  space  (fig. 

'    .      ,  .  509).     These  two  spaces  do  not 

Vertical  section  of  the  cortex  cerebri  and  its  membranes  ;  communicate  directly    The  delicate 
X  2i.    CO,  cortex  cerebri;  p,  intima  pise  dipping  into  the  arachnoid,  thin  and'  partially  per- 
sulci;  a,  arachnoid,  connected  with  p  by  means  of  the  fo^,j^^-gj^  p^Q,.  i^  blood-vessels  and 
loose  subarachnoid  trabeculce  in  the  subarachnoid  space,  without  nerves  is  covered  on  both 
sa  ;  V,  V,  blood-vessels  ;  cl,  dura  ;  sd,  subdural  space.       surfaceswith  squamous  endothelium. 
Only  on  the  spinal  cord  is  it  separated  from  the  pia,  so  that  between  the  two  lies  the  lymphatic 
subarachnoid  space  ;  over  the  brain,  the  two  membranes  are  for  the  most  part  united  together, 
except  the  parts  bridging  over  the  sulci  between  adjacent  convolutions.'   The  arachnoid  passes 
from  convolution  to  convolution  without  dipping  into  the  sulci,  while  the  pia  dips  into  each 
sulcus  (fig.  509,  a).     The  ventricles  of  the  brain  communicate  freely  with,  the  lymphatic 
subarachnoid  space,  but  not  with  the  subdural  space.  ■  The  pia  consists  of  delicate  bundles  of 
connective-tissue  without  any  admixture  of  elastic  fibres;  it  is  richly  supplied  with  blood- 
vessels and  lymphatics,  and  carries  nerves  which  accompany  the  blood-vessels  into  the  substance 
of  the  brain.    The  lymphatics  open  into  the  subarachnoid  space  (§  196). 

[Subarachnoid  Fluid,  or  cerebro-spinal  fluid,  lies  in  the  subarachnoid  space,  which  is 
traversed  by  trabeculae  of  connective-tissue.  Within  the  brain  are  a  series  of  cavities  called 
ventricles,  which  communicate  one  with  another  in  a  definite  way.  The  fourth  ventricle  is 
lined  by  a  layer  of  columnar  epithelium,  and  covered  in  dorsally  by  a  membrane  and  continua- 
tion of  the  pia  mater,  from  the  middle  of  which  there  hangs  into  the  roof  of  the  fourth  ventricle 
two  vascular  processes  composed  of  capillaries— the  choroid  plexuses  of  the  fourth  ventricle, 
which  are  comparable  to  the  larger  plexuses  of  the  lateral  ventricles.  In  this  membrane  is  the 
foramen  of  Magendie  and  two  other  smaller  foramina,  whereby  the  fluid  in  the  subarachnoid 


cerebral  substance,  and  the  perineural  lymphatics  of  nerves.  The  average  quantity  is  about  2 
ounces,  and  if  it  be  suddenly  withdrawn,  epilepsy  or  convulsions  may  be  produced ;  or,  if  it  be 
rapidly  increased  in  amount,  coma  may  be  produced.  The  middle  and  posterior  parts  of  the 
brain  and  the  medulla  oblongata  do  not  rest  directly  on  bone,  but  are  separated  by  a  distinct 
interval  from  their  osseous  case,  an  interval  occupied  by  the  cerebro-spinal  fluid  and  traversed 
by  trabecuhB,  so  that,  as  Hilton  expresses  it,  this  fluid  forms  a  perfect  water-bed  for  those  parts, 
being  sustained  by  the  venous  circulation  and  the  elasticity  of  the  dura.  It  has  important 
mechanical  functions,  protecting  delicate  parts  of  the  brain  from  injury;  by  distributing 
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vibratory  impulses  it  insulates  the  nerve-roots,  and  has  important  ■'\tio"s  to  the  quantity  of 
Wood  in  the  brain  and  the  cerebral  circulation  (Chemical  Composition,  §  198).  J  _ 

rSpina  bifida. -Sometimes  tho  lamina^,  of  the  vertebiw,  in  the  lumbar  or  other  region  of  the 
sninal  column  are  imperfectly  developed,  in  which  case  the  membranes  project  tlirough  as 
a  tiimour  distended  by  cerebro-spinal  lluid  and  covered  by  skin.  The  ellects  ot  rapid  tapping 
or  compressing  the  sac  are  readily  studied  in  such  cases.]  c    .-u^  „„+ 

The  Pacchionian  bodies,  or  granulations,  are  connective- tissue  villi,  which  serve  tor  the  out- 
flow of  lymph  from  the  subdural  and  subarachnoid  spaces  into  the  sinuses  of  the  dura  mater, 
especially  the  longitudinal  sinus.  The  subarachnoid  space  also  communicates  with  the  spaces  m 
the  sponrry  bone  of  the  skull,  and  with  the  veins  of  the  skull  and  surface  of  the  face  {RoUmann). 
The  subdural  space  also  communicates  with  the  lymphatic  spaces  m  the  dura,  while  the 
latter  communicate  directly  with  the  veins  of  the  dura.  Both  the  subdural  and  subarachnoid 
lymphatic  spaces  communicate  with  the  lymphatics  of  the  nasal  mucous  membrane.  Tlie  space 
outside  the  dura  of  the  spinal  cord  is  called  the  epidural  space,  and  may  be  regarded  as 
lymphatic  in  its  nature  ;  the  pleural  and  peritoneal  cavities  may  be  filled  from  it ;  but  it  does 
not  communicate  with  the  cavity  of  the  skull.  The  plexuses  of  blood-vessels  are  surrounded 
by  undeveloped  connective-tissue.  The  telaj  choroidero  in  the  new-born  are  still  covered  with 
ciliated  epithelium. 

Movements  of  the  Brain. — The  pulsations  of  the  large  basal  cerebral  vessels 
communicate  their  pulsatile  movements  (§  79,  6)  to  the  brain— the  respiratory- 
movements  also  affect  it,  so  that  the  brain  rises  during  expiration  and  sinks  during 
inspiration.  Lastly,  there  are  slight  alternating  vascular  elevations  and  depressions, 
occurring  2  to  6  times  per  minute,  due  to  the  periodic  dilatation  and  contraction  of 
the  blood-vessels  (§  371).  Psychical  excitement  influences  these,  and  they  are  most 
recfular  during  sleep.  The  movements  are  best  seen  especially  where  the  membranes 
of°the  brain  offer  little  resistance,  e.g.,  over  the  fontanelles  in  children,  and  where 
the  membranes  have  been  exposed  by  trephining.  The  presence  of  the  cerebro- 
spinal fluid  is  most  important  for  the  occurrence  of  these  movements,  as^  it  propa- 
gates the  pressure  uniformly,  so  that  every  systolic  and  expiratory  dilatation  of  the 
blood-vessels  is  concentrated  upon  those  parts  of  the  cerebral  membrane  which  do 
not  offer  any  resistance  (Donclers).  When  the  fluid  escapes,  the  movements  may 
almost  disappear. 

Mental  excitement  increases  the  pulsations  of  the  brain.  At  the  moment  of  awaking,  the 
amount  of  blood  in  the  brain  diminishes  ;  sensory  stimuli  applied  during  sleep,  so  that  the 
sleeper  does  not  awake,  increase  the  amount  of  blood.  As  the  arteries  within  the  rigid  skull- 
case  change  their  volume  with  each  pulse-beat,  the  veins  (sinuses)  exhibit  at  every  beat  a 
pulsatile  variation  in  volume,  the  opposite  of  that  occurring  in  the  arteries  {Mossd). 

The  Cerebral  Blood- Vessels. — The  blood-vessels  of  the  pia,  of  course,  are  regulated  by  the 
vaso-motor  nerves  (§  356,  A,  3),  and  their  calibre  may  also  be  influenced  by  the  stimulation  of 
more  distant  parts  of  the  body  (§  347).  Bonders  trephined  the  skull  so  as  to  make  a  round 
hole,  and  filled  it  with  a  piece  of  glass,  so  that  with  a  microscope  he  could  observe  changes  in 
the  calibre  of  the  blood-vessels.  Paralysis  of  the  vaso-motor  nerves  and  narcotics  dilate  the 
blood-vessels;  they  become  greatly  contracted  at  death  (§-373,  I.).  The  blood-vessels  are 
dilated  during  cerebral  activity  (§  100,  A),  as  well  as  during  sleep.  Increased  pressure  within 
the  skull  causes  great  derangement  of  the  cerebral  activity— laboured  respiration  (§  368,  B), 
unconsciousness  even  to  coma,  and  paralytic  phenomena — all  of  which  may  in  part  be  referable 
to  disturbances  of  the  circulation.  If  all  the  cranial  arteries  be  ligatured  suddenly,  there  is 
immediate  loss  of  consciousness,  together  with  strong  stimulation  of  the  medulla  oblongata  and 
its  centres,  and  death  takes  place  rapidly  with  convulsions  (compare  §  373). 

By  the  free  anastomosis  which  takes  place  at  the  base  of  the  brain,  forming  the  circle  of 
WiUis  (fig.  510),  the  individual  parts  of  the  brain  are  preserved  from  want  of  blood,  when  one 
or  other  blood-vessels  is  compressed  or  ligatured.  Within  the  brain,  the  arteries  are  distributed 
as  "terminal"  arteries,  i.e.,  the  terminal  branches  of  any  one  artery  end  in  their  own  area,  and 
do  not  anastomose  with  those  of  adjoining  areas  {Cohnheim).  On  the  other  hand,  the  peripheral 
arteries  (arteries  of  the  corpus  callosum,  Sylvian  fissure,  and  deep  cerebral)  which  run  externally 
on  the  brain,  form  free  anastomoses  (Ticliomirow). 

[The  nutrient  or  ganglionic  arteries  for  the  central  ganglia  arise  in  groups  from  the  circle 
of  Willis,  or  from  the  first  two  centimetres  of  its  trunks.  The  antero-median  group  (1)  supplies 
the  anterior  part  of  the  head  of  the  caudate  nucleus.  The  poBtero-median  (2)  enter  the 
posterior  perforated  space  and  supply  the  internal  surface  of  the  optic  thal'ami  and  tlie  walls  of 
the  third  ventricle.  The  antero-lateral  groups  (3,  3)  from  the  middle  cerebral  enter  tho 
anterior  perforated  space,  supiily  the  corpora  striata,  the  anterior  part  of  the  optic  thalamus, 
and  the  internal  capsule.    These  branches  are  apt  to  rupture.    The  postero-lateral  (4,  4) 
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supply  a  largo  part  of  tho  optic  thalami  {Charcot).  A  lino  drawn  at  a  distance  of  two  centi- 
metres outside  the  circle  of  Willis,  encloses  the  ganglionic  area.  The  cereljial  convolutions 
aro_.supidied  by  the  largo  branches  of  the  circle  of  Willis.  The  anterior  cerebral  curves  round 
tlJUP^ius  callosuni,  anil  supplies  tho  gyrus  rectus  and  the  supraorbital,  the  first  and  second 
frontal  convolutions,  tho  upiier  part  of  tho  a.scending  frontal,  and  the  inner  surl'ace  of  the 
liemisphere  as  far  as  tho  quadrate  lobule  (lig.  510,  I).  The  iwsterior  cerebral  goes  to  tlic 
region  of  the  occipital  lobe  and  tho  inferior  aspect  of  the  temporal  lobe  ;  the  middle  cerebral 
or  Sylvian  artery  divides  into  four  branches,  which  go  to  the  posterior  ])art  of  the  frontal  lobe, 

a.scending  frontal,  and  to  all  the 
parietal  loljes,  i.e.,  chiefly  to  the 
motor  areas  (III),  the  angular 
gyrus,  and  to  the  first  temporo- 
sphenoidal  lobule.  The  terminal 
branches  of  these  ganglionic 
arteries  do  not  anastomose  with 
the  cortical  system.  Fig.  511 
shows  the  ganglionic  arteries 
pierciug  the  basal  ganglia.  Ob- 
viously, when  haemorrhage  of 
the  lenticulo-striate  artery  or 
"artery  of  hajmorrhage "  (4,  4) 
occurs,  it  will  compress  the  len- 
ticular nucleus,  or  tear  it  up,  and 
may  even  injure  the  parts  out- 
side, such  as  the  external  caji- 
sule,  claustrum  (T),  and  island 
of  Eeil  (R),  or  those  inside,  e.g., 
the  internal  capsule.  ] 

[Thus,  the  anterior  cerebral 
supplies  the  prefrontal  area  and 
a  small  part  of  the  motor  area, 
that  for  the  leg-centre  in  the 
paracentral  lobule  and  upper  end 
of  -the  ascending  frontal  (and 
perhaps  that  for  the  trunk).  The 
posterior  cerebral  supplies  the 
centre  for  vision,  and  that  con- 
nected with  the  course  of  the 
posterior  part  of  the  optic  ex- 
pansion, and  also  the  sensory 
part  of  the  internal  capsule.  The 

„  ,    ,        ^  ,    ,    .  .   ,     o-iTT-ii-      ^      •     middle  cerebral  supplies  the 

Arteries  of  the  base  of  the  brain,  or  circle  of  Wilhs.    C,  C,  m-  ^^^^^^  ^^^^^     ^he  cortex,  except 
ternal  carotids;  CA,  anterior  cerebral ;  b,  b,  bylvian  arteries;      .(.  ^j-        lecr-centi-e  and  the 
V,  V,  vertebrals;  B,  basilar;  CP,  posterior  cerebrals ;  1,  2,  basalganglia,  theauditorj-centre, 
3,  3,  4,  4,  groups  of  nutrient  arteries.   The  dotted  Ime  shows  and  that  for  speech.] 
the  limit  of  the  ganglionic  area.  [rpj^J  cerebral  circulation  has 

many  peculiarities.  The  curves  on  the  arteries  servo  to  modify  the  effect  of  the  cardiac  shock, 
the  circle  of  Willis  permits  within  limits  a  free  circulation  ;  but,  in  as  far  as  the  skull  is  largely 
a  rigid  box,  it  was  at  one  time  taught  that,  as  the  brain  substance  and  its  fluids  were  prac- 
tically incompressible,  it  was  impossible  to  alter  the  amount  of  blood  in  the  brain.  This  is  a 
mistake.  The  amount  of  blood  undergoes  an  alteration  in  this  way,  that  when  more  blood 
passes  in,  some  cerebro-spinal  fluid  moves  out,  and  vice  versd,  so  that  there  is  an  intimate  relation 
between  these  fluids.  In  the  developing  skull,  tho  cerebro-spinal  fluid  may  accumulate  in  large 
amount  within  the  ventricles,  and  greatly  distend  both  them  and  the  yielding  skull-case  from 
internal  pressure,  as  in  acute  hydrocephaius.  The  peculiarities  and  independence  of  the  cortical 
and  ganglionic  arteries  have  already  been  referred  to.  Pluggiug  by  means  of  a  clot,  vegetation, 
or  wart,  carried  from  the  heart,  is  common  in  the  left  middle  cerebral  artery. — Why  ?— When 
the  plug  is  washed  away  by  the  blood-stream,  owing  to  the  left  cai-otid  springing  from  the  aorta 
nearly  in  line  with  the  blood-current,  the  plug  readily  passes  into  tho  carotid  and  so  into  the 
left  middle  cerebral  which  is  in  lino  with  the  internal  carotid.  In  such  a  case,  the  convolutions 
and  parts  supplied  by  it  are  suddenly  deprived  of  blood  with  immediate  and  serious  results.] 

[The  venous  circuiation  is  peculiar.  The  sinuses  are  really  spaces  between  the  layers  of  the 
tough  dura  mater,  and  partly  bounded  by  bone.  Tho  blood  moves  in  the  longitudinal  sinus 
from  before  backwards,  but  most  of  the  cortical  veins  open  into  it  in  a  forward  direction,  so 
that  their  stream  is  opposed  to  that  in  the  sinus.  Thus,  the  blood  which  enters  the  brain  by 
ascending  arteries  reaches  the  sinuses  by  ascending  veins,  the  reverse  of  what  obtains  elsewhere. 
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;„  nirts  where  ascending  veins  convey  blood  from  descending  arteries,  whereby  the  hydrostatic 
essu  ^  and  gravity  aidthe  circulation,  but  here  gravitation  is  opposed  to  the  flow  of  b  ood  in  he 
i  rebra  veins.  This  will  help  to  explain  the  occurrence  0  thrombosis  in  these  je  ^el  •  Some 
nf  the  veins  on  the  surface  communicate  with  intracranial  veins,  cj?  those  of  the  nose,  the 
facia  tluough  the  ophthalmic,  mastoid  veins,  and  veins  of  the  diplocc.  Hence,  morbid  processes 
Sing  t^e  scalp  (erysipelas),  ear  (caries),  or  face  (carbuncle)  may  readily  adect  intracranial 

'TfieLo^wlShas  been  in  bed  for  a  long  time,  and  whose  blood  is  small  in  amount,  be 
middenlv  raised  into  the  erect  position,  cerebral  anaemia  is  not  unfrequently  produced,  owing  to 
hvdrostatic  causes.  At  the  same  time,  there  may  be  loss  of  consciousness  and  impairment^  ot 
the  senses.  Liebermeister  regards  the  thyroid  gland  as  a  collateral  blood-reservoir  which 
emnties  its  blood  towards  the  head  during  such  changes  of  the  position  of  the  body.  1  erliaps 
this  may  explain  the  swelling  of  the  thyroid  as  a  compensatory  act,  when  the  heart  beats 
violently,  and  the  brain  is  surcharged  with  blood  (§§  103,  III.,  and  371).  Very  violent 
muscular  exertion,  as  well  as  marked  activity  of  other  organs,  causes  a  very  considerable  tall  ol 
the  blood-pressure  in  the  carotid.  ^    ^,       ,  •    i.  1  4. 

Pressure  on  the  Brain.— The  brain  and  the  fluid  surrounding  it  are  constantly  subjected  to 
a  certain  mean  pressure,  which  must  ultimately  depend  upon  the  blood-pressure  within  the 
vascular  system  The  investigations  of  Naunyn  and  Schreiber  on  the  cerebral  press^ire  (or 
cerebro-spinal  pressure)  showed  that  the  pressure  must  be  slightly  less  than  the  pressure 
within  the  carotid,  before  the  symptoms  proper  to  pressure  on  the  brain  occur.  These  are, 
sudden  attacks  of  headache,  with  vertigo,  or  it  may  be  loss  of  consciousness,  vomiting,  slowing 
of  the  pulse  slow  and  shallow  respiration,  convulsions— while  the  pressure  of  the  cerebi'O 


Fig.  511. 

Transverse  section  of  the  cerebrum  behind  the  optic  chiasma.  Arteries  of  the  corpus  striatum. 
C  h,  optic  chiasma  ;  B,  section  of  optic  tract ;  L,' lenticular  nucleus  ;  I,  internal  capsule  ; 
C,  caudate  nucleus  ;  E,  external  capsule  ;  T,  claustrura  ;  E,  convolution.s  of  the  island  of 
Reil ;  V,  V,  section  of  the  lateral  ventricles ;  P,  P,  pillars  of  the  fornix  ;  0,  grey  substance 
of  the  third  ventricle.  Vascular  areas — -I,  anterior  cerebral  artery  ;  II,  Sylvian  artery ; 
III,  posterior  cerebral  artery  ;  1,  internal  carotid  ;  2,  Sylvian,  3,  anterior  cerebral  artery  ; 
4,  4,  lenticulo-striate  arteries  ;  5,  5,  lenticular  arteries. 

spinal  fluid  is  increased.  The  cause  of  these  phenomena  lies  in  the  anasmia  of  the  brain.  If 
the  pressure  is  moderate,  the  above-named  symptoms  may  remain  latent ;  nevertheless, 
disturbances  of  the  nutrition  of  the  brain  occur,  with  consecutive  phenomena,  such  as 
persistent  slight  headache,  feeling  of  vertigo,  muscular  weakness,  and  disturbances  of  vision 
(owing  to  neuro-retinitis  with  choked  disc).  Increase  of  the  blood-pressure  diminishes  the 
symptoms,  while  diminution  of  the  blood-pressure  causes  more  pronounced  phenomena  of 
cerebro-spinal  pressure.  In  the  dog,  ^wmi  begins  with  a  pressure  of  70  to  80  mm.  Hg. 
Co7isci<ntsness  is  abolished  when  the  pressure  is  higher,  and  at  80  to  100  mm.  S2}asms  take  place. 
A  pressure  of  100  to  120  mm.  causes  sloiuing  of  the  pulse,  owing  to  stimulation  of  the  vagus  at 
its  origin;  the  respirations  are  temporarily  accelerated  and  then  diminish.  Long-continued 
severe  compression  always,  sooner  or  later,  ends  fatally.  The  blood-pressure  at  first  is  increased, 
owing  to  reflex  stimulation  of  the  vaso-motor  centre  from  the  pressure  stimulating  the  sensory 
nerves  ;  ultimately,  the  blood-pressure  falls,  and  the  pulse  becomes  very  slow.  Irregular 
variations  in  the  blood -pressure  point  to  a  direct  central  stimulation  of  the  vaso-motor  centre 
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by  pressure.    The  application  of  continued  slowly  increasing  pressure  compresses  the  brain 
(Aclmnkiciuicz). 

382.  COMPARATIVE— HISTORICAL.— Comparative.— Nerves  are  absent  in  the  protozoa. 

Neuro-muscular  cells  occur  in  tlie  coelenterata,  in  the  hydroida  and  medusae,  and  they  are  the 
first  indications  of  a  nervous  a])paratus  {§  296).  The  umbrella  of  the  medusa  is  cove'red  with 
a  plexus  of  nerve-fibrils,  which  at  various  parts  along  its  margin  is  provided  with  small 
cellular  thickenings  corresponding  to  ganglia,  and  fronr  these,  nerve-fibres  proceed  to  the 
sense  organs.  Many  of  the  ■worms  possess  a  nervous  ring  in  the  cephalic  portion,  and  in  those 
provided  with  an  intestine  a  single  or  double  nervous  cord,  in  the  form  of  a  ring,  surrounds 
the  pharynx.  Branches  (often  two)  pass  from  this  into  the  elongated  body,  and  usually  these 
carry  ganglia  corresponding  to  each  rin^'  of  the  body  of  the  animal.  In  the  leech,  only  one 
gangliated  cord  is  present.  In  the  echmodermata,  a  large  nerve-ring  surrounds  the  mouth  ; 
and  fronr  it  largo  nerves  proceed,  corresponding  to  the  chief  trunks  of  the  water-vascular 
system.  At  the  points  where  the  nerves  arc  given  off,  the  nervous  ring  is  provided  with  the 
so-called  "ambulacral  brains."  The  arthropoda  are  provided  with  a  large  cephalic  ganglion 
placed  above  the  pharynx,  from  which  nerves  pass  to  the  sense  organs.  Another  ganglion  lies 
on  the  under  surface  of  the  pharynx,  and  is  connected  with  the  former  by  commissures.  The 
pharynx  is  thus  embraced  by  a  gangliated  ring,  and  from  it  proceeds  the  abdominal  gangliated 
double  chain,  along  the  ventral  surface  of  the  body,  through  the  thorax  and  abdomen.  Some- 
times several  ganglia  unite  to  form  a  large  compound  ganglion,  while,  in  other  cases,  each 
segment  of  the  body  contains  its  own  ganglia.  In  the  mollusca,  the  cesophageal  nervous  ring 
is  j)resent,  although  the  ganglionic  masses  vary  much  in  position  within  it.  A  number  of 
compound  ganglia  lie  scattered  in  different  parts  of  the  body,  and  are  united  by  nerves  to  the 
former.  They  represent  the  sympathetic  system.  In  the  cephalopoda,  the  oesophageal  ring 
has  almost  no  commissure,  and  a  part  of  the  ganglionic  matter  is  enclosed  in  a  cartilaginous 
capsule,  and  is  often  spoken  of  as  a  "brain."  Additional  ganglia  are  found  in  the  mantle, 
heart,  and  stomach.  In  vertebrates,  the  nervous  system  invariably  lies  on  the  dorsal  aspect 
of  the  body.  In  the  amphioxus,  there  is  no  separation  into  brain  and  spinal  cord.  (See 
§§  374  and  375.) 

Historical. — Alkmaon  (580  B.C.)  placed  the  seat  of  consciousness  in  the  brain;  Galen 
(131-203  A.E.)  regarded  it  as  the  .seat  of  the  impulses  for  voluntary  movements.  Aristotle 
(384  B.C.)  ascribed  the  relatively  largest  brain  to  man;  he  stated  that  it  was  inexcitable  to 
stimuli  (insensible).  One  of  the  functions  he  ascribed  to  the  brain  was  to  cool  the  heat 
ascending  from  the  heart.  Herophilus  (300  B.C.)  gave  the  name  calamus  scriptorius  ;  and  he 
regarded  the  4th  venti'icle  as  the  most  important  organ  for  the  maintenance  of  life.  Even  in 
Homer  there  are  repeated  references  to  the  dangers  of  injuries  of  the  neck.  Aretaeus  and 
Cassius  FelLx  (97  a.d.)  were  aware  of  the  fact  that  lesion  of  one  cerebral  hemisphere  cau-sed 
paralysis  on  the  opposite  side  of  the  body.  Galen  was  acquainted  with  the  path  in  the  spinal 
cord  connected  with  movement  and  sensation.  Vesalius  (1540)  described  the  five  ventricles  of 
the  brain.  R.  Colombo  (1559)  observed  the  movements  of  the  brain  isochronous  with  the 
action  of  the  heart.  A  more  careful  description  of  these  movements  was  given  by  Biolan 
(1618).  Goiter  (1573)  discovered  that  an  animal  can  live  after  removal  of  its  cerebrum.  About 
the  middle  of  the  17th  century,  Wepfer  discovered  the  hiemorrhagic  nature  of  apoplexy. 
Schneider  (1660)  estimated  the  weight  of  the  brain  in  different  animals.  Mistichelli  (1709) 
and  Petit  (1710)  described  the  decussation  of  the  fibres  of  the  spinal  cord  below  the  pons. 
Gall  discovered  the  partial  origin  of  the  optic  nerve  from  the  anterior  pair  of  the  corpora 
quadrigemina,  and  by  dissecting  the  brain  from  below,  he  attempted  to  trace  the  course  of  the 
nerve-fibres  to  the  convolutions  (1810).  Rolando  described  more  accurately  the  fonn  of  the 
grey  matter  of  the  spinal  cord.  Cams  (1814)  discovered  the  central  canal.  The  most 
compendious  work  on  the  brain  was  written  by  Burdach  (1819-1826).  The  more  recent 
observations  are  referred  to  in  the  text. 
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383.  INTROLTICTORY  OBSERVATIONS— Requisite  Conditions.— The 

sense  organs  have  the  function  of  transferring  to  the  sensorium  impressions  of  the 
various  phenomena  of  the  external  world ;  they  are,  in  fact,  the  intermediate 
instruments  of  sensory  jjerceptions.  In  order  that  this  may  occur,  the  following 
conditions  must  be  fulfilled  :— (1)  The  sense  organ,  provided  with  its  specific  end- 
organ,  must  be  anatomically  perfect,  and  capable  of  acting  physiologically.  (2) 
A  "  specific  stimulus  "  must  be  present,  which  under  normal  conditions  acts  upon 
the  end-organ.  (3)  The  sense  organ  must  be  connected  with  the  cerebrum  by 
means  of  a  nerve,  and  the  conduction  through  this  path  must  be  uninterrupted. 
(4)  During  the  act  of  stimulation,  the  psychical  activity  (attention)  must  be 
directed  to  the  process,  and  then  the  sensation  results,  e.g.,  of  light  or  sound, 
through  the  sense  organ.  (5)  Lastly,  when,  by  a  psychical  act,  the  sensation  is 
referred  to  the  external  cause,  then  there  is  a  conscious  sensory  perception.  Often, 
however,  this  relation  is  completed  as  an  unconscious  conclusion,  as  it  is  essentially 
a  deduction  from  psevious  experience. 

Stimuli. — With  regard  to  the  stimuli  which  are  applied  to  the  sensory  apparatus,  we  dis- 
tinguish : — (1)  Adequate  or  homologous  stimuli,  i.e.,  stimuli  for  whose  action  the  sense  organs 
are  specially  adapted,  such  as  the  rods  and  cones  of  the  retina  for  the  vibrations  of  the  ether. 
Thus,  each  sense  organ  has  a  specific  form  of  stimulus  best  adapted  to  act  upon  it.  This  is 
what  Johannes  Miiller  called  the  "law  of  specific  energy."  (2)  There  are  many  other  forms 
of  stimuli  (mechanical,  thermal,  chemical,  electrical,  internal  somatic)  which  act  upon  the  sense 
organs,  producing  the  flash  of  light  beheld  when  the  eye  is  struck  ;  singing  in  the  ears' when 
there  is  congestion  of  the  head.  These  heterologoiis  stimuli  act  upon  the  nervous  elements  of 
the  sensory  apparatus  along  their  entire  course,  from  the  end-organ  to  the  cortex  cerebri.  The 
homologous  stimuli,  on  the  other  hand,  act  only  on  the  end-organ,  i.e.,  light  has  no  effect 
whatever  upon  the  trunk  of  the  exposed  optic  nerve. 

Strength,  and  Liminal  Intensity. — Homologous  stimuli  act  upon  the  sensory 
organs  only  within  certain  limits  as  to  strength.  Very  feeble  stimuli  at  first 
produce  no  effect.  That  strength  of  stimulus  which  is  just  sufficient  to  cause  the 
first  trace  of  a  sensation  is  called  by  Fechner  the  "  liminal  intensity "  of  the 
sensation.  As  the  strength  of  the  stimulus  increases,  so  also  do  the  sensations,  but 
the  sensations  increase  equally  when  the  strength  of  the  stimulus  increases  in 
relative  proportions.  Thus,  we  have  the  same  sensation  of  equal  increase  of  light 
when,  instead  of  10  candles,  11,  or  instead  of  100  candles,  110  are  lighted— the 
proportion  of  increase  in  both  cases  is  equal  to  one-tenth.  As  the  logarithm  of  the 
numbers  increases  in  an  equal  degree,  when  the  numbers  increase  in  the  same  relative 
proportion,  the  law  may  be  expressed  thus  : — "  The  sensations  do  not  increase  with 
the  absolute  strength  of  the  stimuli,  but  nearly  as  the  logarithm  of  the  strength  of 
the  stimulus."  This  is  Fechner's  "psycho-physical  law,"  but  its  accuracy  has 
recently  been  challenged  by  E.  Hering.    [It  holds  good  only  with  regard  to  stimuli 
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of  medium  strength.]  If  the  specific  stimulus  be  too  intense,  it  gives  rise  to 
peculiar  painful  sensations,  e.y.,  a  feeling  of  blindness  or  deafness,  as  the  case  may 
be.  The  sense  organs  respond  to  adequate  stimuli,  but  only  within  certain  limitH 
of  the  stimulus,  e.g.,  the  ear  responds  only  to  vibrating  bodies  emitting  a  certain 
range  of  vibrations  per  second  ;  the  retina  responds  only  to  the  vibrations  of  the 
ether  between  red  and  violet,  but  not  to  the  so-called  heat  vibrations  or  to  the 
chemically  active  vibrations. 

[It  was  Weber  who  worked  out  the  relation  between  the  intensity  of  stimuli  and  tlie  changes 
in  the  quantity  of  the  resulting  sensations.  He  used  the  method  of  "least  observable  differ- 
onccs,"  as  applied  to  sensations  of  pressure  and  the  measurements  of  lines  by  the  eye.  Hence, 
it  is  called  Weber's  Law  ;  but  Fechner  expanded  it  and  assumed  that  all  just  observable  differ- 
ences arc  equally  great,  and  so  the  law  is  sometimes  called  by  his  name.] 

[Fecliner's  Law. — Expressed  in  another  way,  the  result  depends  on  (1)  the  strength  of  the 
stimulus,  and  (2)  the  degree  of  excitability.  Supposing  the  latter  to  be  constant,  while  the 
former  is  varied,  it  is  found  that  if  the  stimulus  be  doubled,  tripled,  or  quadrupled,  the  sensa- 
tion increases  only  as  the  logarithm  of  the  stivmlus.  Suppose  the  stimulus  to  be  increased  10, 
100,  or  1000  times,  then  the  sensation  increases  only  as  1,  2,  or  3.  Just  as  there  is  a  lower 
limit  of  excitation  liminal  intensity  (or  threshold),  so  there  is  an  upper  limit  or  maximum  of 
excitation  or  height  of  sensibility,  when  any  further  increase  produces  no  appreciable  increase 
in  the  sensation.  Thus,  we  do  not  notice  any  difference  between  the  central  and  peripheral 
portion  of  the  sun's  disc,  though  the  dift'erence  of  light  intensity  is  enormous  (Sicily).  Between 
these  two  is  the  range  of  sensibility  {IFimdt).  There  is  always  a  constant  ratio  between  the 
strength  of  the  stimulus  and  the  intensity  of  the  sensation.  The  stronger  the  stimulus  already 
applied,  the  stronger  must  be  the  increase  of  the  stimulus  in  order  to  cause  a  perceptible  increa.se 
of  the  sensation  (Weber's  Law).  The  necessary  increment  is  proportional  to  the  intensity  of 
the  stimulus,  and  it  varies  for  each  sense  organ.  If  a  weight  of  10  grammes  be  placed  in  the  hand, 
it  is  found  that  3  '3  grammes  must  be  added  or  removed  before  a  difference  in  the  sensation  is 
perceptible  ;  if  100  gi'ammes  are  held,  33 "3  grammes  must  be  added  or  removed  to  obtain  a  per- 
ceptible difference  in  the  sensation.  The  magnitude  of  the  fraction  indicating  the  increment  of 
stimulus  necessary  to  obtain  a  perceptible  difference  of  the  sensation,  is  spoken  of  as  the  constant 
proportion  or  the  diseriviinative  sensibility.  In  the  above  case  it  is  1  :  3.  The  following  table 
gives  approximately  the  constant  proportion  for  each  sense 


Muscular  Sensation,       .    6  :  100. 
Visual  ,,  .    1  :  100.  li^-] 


Tactile  Sensation,       .       .    1  :  3.  J 

Thermal      „  .       .    1  :  3.  J 

Auditory     ,,  .       .    1  :  3.  ^ 

[The  application  of  the  law  to  temperature  sensations  is  beset  with  great  difficulties,  wWIe 
for  taste  and  smell  we  do  not  know  that  it  is  really  applicable.  From  an  experimental  point 
of  view,  it  cannot  be  said  to  be  proved,  and  its  application  is  obviously  somewhat  restricted  to 
certain  sensations,  and  to  these,  only  within  a  certain  range.  It  certainly  does  not  hold  good 
for  sensations  of  pressure,  and  muscular  sense,  near  the  lower  limits  for  these  senses.  "  At 
best  it  is  only  an  approximately  correct  statement  of  what  holds  true  of  the  relative  intensity 
of  certain  sensations  of  light  and  hearing,  and  less  exactly  of  pressure  and  the  muscular  sense, 
when  these  sensations  are  of  moderate  strength  "  {Ladd)."] 

The  term  after-sensation  is  applied  to  the  following  phenomenon,  viz.,  that,  as 
a  rule,  the  sensation  lasts  longer  than  the  stimulus  producing  it ;  thus,  there  is  an 
after -sensation,  after  pressure  is  applied  to  the  skin.  Subjective  sensations 
occur  when  stimuli  due  to  internal  somatic  causes  excite  the  nervous  apparatus  of 
the  sense  organ.  The  highest  degrees  of  these,  depending  mostly  upon  pathological 
stimulation  of  the  sensory  cortical  centres,  are  characterised  as  hallncinations, 
e.g.,  when  a  delirious  person  imagines  he  sees  figures  or  hears  sounds  which  have  no 
objective  reality.  In  opposition  to  this  condition,  the  term  illusion  is  applied  to 
modifications  by  the  sensorium  of  sensations  actually  caused  by  external  objects, 
e.g.,  when  the  rolling  of  a  waggon  is  mistaken  for  thunder. 

In  a  new-born  child,  the  sense  of  touch  is  strongly  developed,  that  of  pain  slightly,  muscular 
sensations  are  undoubtedly  present,  while  smell  and  taste  are  frequently  confounded.  Auditop 
stimuli  are  heard  from  the  second  day  onwards,  the  stimulus  of  light  immediately  after  birtli, 
but  a  peripheral  field  of  vision  does  not  yet  exist  {Cwignet).  Towards  the  fourth  to  fifth  week, 
the  movements  of  convergence  and  accommodation  are  uoticable,  while  after  four  montlis, 
colours  are  distinguished.  The  various  stimuli  are  not  perceived  simultaneously— a  rellex 
inhibitory  centre  is  not  yet  developed  {Ocivz.mcr). 
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The  Visual  Apparatus— The  Eye. 

384.  HISTOLOGICAL  OBSERVATIONS.— In  the  following  remarks  it  is 
assumed  that  the  student  is  familiar  with  the  anatomical  structure  of  the  eye  : — 

The  cornea,  for  the  sake  of  simplicity,  is  regarded  as  uniformly  spherical,  although,  properly 
speaking,  it  differs  slightly  from  this  form.  It  is  more  like  a  vertical  section  of  a  somewhat 
oblique  ellipsoid,  which  we  must  suppose  to  be  formed  by  rotating  an  ellipse  around  its  long 
axis  ( Briickc).  It  is  nearly  of  uniform  thickness  throughout,  only  in  the  infant  it  is  slightly 
thicker  in  the  centre,  and  in  the  adult  slightly  thinner.  The  cornea  consists  of  the  following 
layers  : — 

[1.  Anterior  stratified  epithelium.  4.  Posterior  elastic  lamina. 

2.  Anterior  elastic  lamina.  5.  Single  layer  of  epithelium.] 

3.  Substantia  propria. 

1.  The  anterior  epithelium,  stratified  and  nucleated,  consists  of  many  layers  of  cells  (fig.  514, 
a).  The  deepest  cells  are  more  or  less  columnar,  are  arranged  side  by  side,  and  are  called 
supporting  cells.  The  cells  of  the  middle  layers  are  more  arched,  and  dip  with  finger-shaped 
processes  into  corresponding  spaces  between  their  neighbours.  The  most  superficial  cells  are 
fiat,  perfectly  smooth,  hard,  keratin-containing  squamous  epithelium.  2.  The  epithelial  layer 
rests  upon  the  anterior  elastic  membrane  (Bowman's  elastic  lamina),  a  structureless  clear  base- 


Tig.  512.  '  Fig.  513. 

Fig.  512.— Cornea  of  the  frog  treated  with  chloride  of  gold,  showing  the  corneal  corpuscles 
stained,  and  a  few  nerve-fibrils.  Fig.  513.— Cornea  of  the  frog  treated  with  silver  nitrate ; 
the  ground  substance  is  stained,  while  the  spaces  for  the  corneal  corpuscles  are  left 
unstained. 

ment-like  membrane  (6),  whose  existence  is  denied  by  Briicke.  3.  The  substantia  propria  of 
the  cornea  consists  of  (chondrin-yielding)  iibres  composed  of  delicate  fibrils  of  connective-tissue. 
The  fibres  are  arranged  in  mat-like  thin  lamellaj  {I),  more  or  less  united  together,  and  are 
placed  m  layers  over  each  other.  Towards  the  anterior  elastic  lamina,  the  fibres  bend  round 
and  perforate  the  superficial  lamellfe,  thus  serving  as  supporting  fibres.  [These  perforatincr 
fibres  are  comparable  to  Sharpey's  fibres  in  bone.]  Between  the  lamelliB  are  a  series  of  intei° 
communicating  spaces  lined  by  endothelium.  These  spaces  are  really  lymph-spaces,  and  they 
communicate  with  the  lymphatics  of  the  conjunctiva.  The  fixed  corneal  corpuscles  lie  in  these 
spaces  (c),  and  are  provided  with  numerous  processes,  which  anastomose  with  the  processes  of 
corpuscles  lying  between  the  lamella;  above  and  below,  and  on  either  side  of  them.  Kiihne 
observed  that  stimulation  of  the  corneal  nerves  was  followed  by  contraction  of  these  cells  (§  201 
/],  while  Kuhnc  and  Waldeyer  maintain  that  they  are  connected  with  the  corneal  nerve-fibrils' 
Lihe  corneal  corpuscles  are  looked  upon  as  branched  connective-tissue  corpuscles  Ivin"  in 
ana  not  quite  filling  the  branched  spaces  between  the  lamella;.  The  processes  anastomose 
ifeely  with  similar  cells  in  the  same  plane,  and  to  a  less  extent  with  the  processes  of  cells  in 
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pianos  immediately  above  ami  below  them.  In  a  section  stained  with  gold  chloride,  they 
present  the  appearance  souh  in  iig.  512.  In  a  vertical  section  of  the  cornea,  they  appear 
I'usiforni  and  parallel  to  the  free  snrfaco  of  the  cornea  (lig.  51'1).  If  the  cornea  of  a  frog  be 
))encillod  with  silver  nitrate,  the  cement-substance  between  the  lameihe  is  blackened,  and  the 
branched  cell-spaci!s  remain  clear,  as  in  lig.  513.  The  one  ligure  represents,  as  it  were,  the 
positive,  and  the  other  the  negative  image.] 

Leucocytes  also  pass  into  these  lymph-spaces  or  juice-canals.  The  importance  of  these 
leucocytes  in  intlaninuition  is  referred  to  in  §  200.  4.  The  transparent,  structureless,  poBterior 
elastic  membrane  {d),  the  membrane  of  Descemet  or  Demours,  is  in  many  animals  fibrillated, 
and  shows  evidence  of  stratification,  while  towards  the  margin  of  the  cornea  there  are 
occasionally  slight  conical  elevations.  This  membrane  is  very  tough  anil  veiy  resistant  (of 
great  importance  in  inllammatiou).  If  it  be  removed,' it  rolls  up  towards  the  convex  side.  At 
its  periphery  it  becomes  continuous  wltli  the  fibro-elastic  reticulated  ligameiitum  ])ectinatum 
iridis,  whose  trabecului  are  covered  by  epithelium.    5.  The  posterior  single  layer  of  epithelium 


Fig.  514. 

Antero-posterior  section  at  the  i  unction  of  the  cornea  with  the  sclerotic,    a,  anterior  corneal 
epithelium  ;  b,  Bowman's  lamina  ;  c,  corneal  corpuscles ;  I,  corneal  lamellaj  (the  whole 
thickness  lying  between  b  and  d  is  the  substantia  propria  cornese)  ;  d,  Desceniet's  mem- 
brane ;  e,  its  epithelium  ;  /,  junction  of  cornea  with  the  sclerotic  ;  g,  limbus  conjunctivae  ; 
Ji,  conjunctiva  ;  i,  canal  of  Schlemm  ;  k,  Leber's  venous  plexus  (is  regarded  by  Leber  as 
belonging  to  i)  ;  m,  m,  meshes  in  the  tissue  of  the  lig.  iridis  pectinatum  ;  n,  attachment 
of  the  iris  ;  o,  longitudinal,  p,  circular  (divided  transversely)  bundles  of  fibres  of  the 
sclerotic  ;  q,  perichoroidal  space  ;  s,  meridional  [radiating],  t,  equatorial  (circular)  biindles 
of  the  ciliary  muscle  ;  w,  transverse  section  of  a  ciliary  artery  ;  v,  epithelium  of  the  ins  (a 
continuation  of  that  on  the  posterior  surface  of  the  cornea) ;  iv,  substance  of  the  ins ;  .t, 
pigment  of  the  iris  ;  s,  a  ciliary  process, 
consists  of  flat,  delicate,  nucleated  cells  (c),  which  are  continued  from  the  margin  of  the  cornea 
on  to  the  anterior  surface  of  the  iris  (v).    Fine  juice-canals  exist  in  the  spaces  between  the  indi- 
vidual cells  (v.  Recklinghausen).    These  spaces  communicate  with  a  system  of  hne  tubes  uniier 
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the  epithelium,  perforate  Doscemct's  memhrauo,  and  thus  commuuicate  with  the  corneal 

^^[Bo^wraan's  tubes  are  artificial  productions,  formed  by  forcing  air  or  a  coloured  fhiid  betwci'n 
the  lamelhe,  when  it  passes  between  the  bnudU^s  of  fibrils,  forming  a  series  of  tubes  with  dilata- 
tions on  them  and  running  at  right  angles  to  one  another  between  the  lamellie.] 

The  nerves  of  the  cornea,  which  are  derived  from  the  long  and  short  ciliary  nerves  (§  347), 
are  partly  sensoiy  in  function.  They  enter  the  cornea  at  its  margin  as  mcdullated  iibres,  but 
the  myelin  soon  disappears,  while  the  axial  cylinders  split  up  into  librils.  [The  axial  cylinders 
branch  and  form  a  plexus  between  the  lamellse,  especially  near  the  anterior  surface,  the  funda- 
mental or  ground  plexus  (tig.  515,  n).  There  are  triangular  nuclei  at  the  nodal  points,  but 
they  probably  belong  to  the  sheath  of  flattened  cells  whicli  cover  the  larger  branches.  There 
is  a  finer  and  denser  plexus  of  fibrils  immediately  under  the  anterior  epithelium,  sub-epithelial 
plexus,  which  is  derived  from  the  former,  the  fibrils  arising  in  pencils  or  groups  (fig.  516).  Some 
fibrils  perforate  tlie  anterior  elastic  lamina,  rami  perforantes,  and  pass  between  the  anterior 
epithelial  cells  to  form  the  intra-epithelial  network  (fig.  515,  b,  ^i).  Some  observers  suppose 
that  they  terminate  in  free, 

pointed,    or    bulbous    ends.   -,   _^        ^  _ 

There  is  also  a  fine  plexus  of  '•-'  r.-id:~>r-5:-^''~-''^  7/'---y 

fibrils  in  the  posterior  layers 
of  the  cornea,  near  Descemet's 
membrane.  It  gives  oti'  nu- 
merous fine  fibrils,  which  come 
into  intimate,  if  not  direct, 
anatomical  relation  with  the 
corneal  corpuscles.  The  trophic 
fibres  of  the  cornea  (§347)  are, 
perhaps,  those  deeper  branches 
which  are  connected  with  the 
corneal  corpuscles.] 

[Method, — These  fibrils  are 
best  revealed  by  staining  a 
cornea  with  chloride  of  gold, 
which  tinges  them  of  a  purplish 
line  after  exposure  to  light 
{CohnJieim).^ 

Blood-vessels  occur  only  in 
the  outer  margin  of  the  cornea 
(fig.  518,  v),  and  extend  2  mm. 
over  the  cornea  above,  1  -5  mm.  below,  and  1  mm.  laterally— the  most  external  capillaries  form 
arched  loops,  and  thus  turn  on  themselves.  The  cornea  is  nourished  from  the  blood-vessels  in 
its  margin.    Opacities  of  the  cornea  give  rise  to  many  forms  of  visual  defects. 

The  sclerotic  is  a  thick  fibrous  membrane,  composed  of,  p,  circular  (equatorial)  and,  o,  longi- 
tudinal (meridional)  bundles  of  connective-tissue  woven  together  (fig.  514).  The  spaces  between 
the  bundles  contain  colourless  and  pigmented  connective-tissue  corpuscles  and  also  leucocytes. 
It  is  thickest  posteriorly,  thinner  at  the  equator,  while  in  front  of  this  it  again  becomes  thicker, 
owing  to  the  insertion  of  the  tendons  of  the  straight  muscles  of  the  eyeball.  It  contains  few 
blood-vessels,  which  form  a  wide-meshed  capillary  plexiis,  immediately  under  its  deep  sm-face. 
Other  vessels  form  an  arterial  ring  around  the  entrance  of  the  optic  nerve.  It  rarely  is  quite 
spherical ;  it  rather  resembles  an  ellipsoid,  which  we  might  imagine  to  be  formed  by  the  rota- 
tion of  an  ellipse  around  its  short  axis  (short  eyes)  or  around  its  long  axis  (long  eyes).  Above 
and  below,  the  sclerotic  overlaps  like  a  fold  the  clear  margin  of  the  cornea  ;  hence,  when  the 
cornea  is  viewed  from  before,  it  appears  transversely  elliptical,  when  seen  from  behind,  it 
appears  circular.  Following  the  margin  of  the  cornea,  but  lying  still  within  the  substance  of 
tlie  sclerotic,  is  the  circular  canal  of  Schlemm  {i),  which  communicates  with  other  anastomosiu^ 
vems  the  venous  plexus  of  Leber  {k).  Schwalbe  and  Waldeyer  regard  Schlemm's  canal  as  a 
lymphatic.  Posteriorly,  the  sclerotic  becomes  continuous  with  the  fibrous  covering  of  the  optic 
neiTe  derived  from  the  dura  mater.  The  sclerotic  is  provided  with  nerves,  which  are  said  to 
terminate  in  the  cells  of  the  scleral  substance  {Helfreich). 

The  tunica  uvea,  or  the  uveal  tract,  is  composed  of  the  choroid,  the  ciliary  part  of  the  choroid, 
anu  the  ins.  ' 

The  choroid  is  composed  of  the  following  layers  (fig.  517)  :— (1)  Most  internally  is  the 
transparent  limiting  membrane,  07  m  in  thickness,  but  it  is  sliglitly  thicker  anteriorly.  (2) 
ine  very  vascular  capillary  network  of  the  chorio-capiUaris,  or  membrane  of  Ruysch,  embedded 
in  a  homogeneous  layer  Then  follows-(3)  a  layer  of  a  thick  elastic  network,  covered  on 
both  surfaces  by  endothelium  {Sattler).  (4)  The  choroid  proper  consists  of  a  layer  with 
pigmented  connective-tissue  corpuscles,  together  with  a  thick  elastic  network,  containine 
tfie  numerous  venous  vessels  as  well  as  the  arteries.    The  pigmented  layers  are  known  as  the 
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siipra-choroidea,  or  lamina  lusca,  wliiuli  sunounds  the  largo  lymphatic  space  lined  with 
ondotholium  and  called  the  perichoroidal  space,  q.  In  new-born  infants,  which  accordinf;  to 
Aristotle  have  the  iris  dark  blue,  the  uveal  tissue  is  devoid  of  pigment ;  iu  brunettes  it  is 
develoiied  later,  an<l  in  blondes  not  nt  all. 

In  the  ciliary  part  of  the  choroid,  the  pigmented  connective-tissue  corpuscles  are  not  so 
iiunuaous.  Tlu^  ciliary  rauscle  (tensor  choroideaj,  or  muscle  of  accommodation)  is  placed  in 
this  region.  It  arises  (.s),  by  mc^ans  of  a  branched,  reticulated,  connective-tissue  origin,  from 
the  inner  side  of  the  junction  of  the  cornea  and  sclerotic,  near  the  canal  of  Sehlemm,  and 
passes  backwards  to  be  .inserted  into  the  choroid.  This  constitutes  the  radiating  fibres. 
Other  fibres  lying  internal  to  these  are  arrangcid  circularly,  I,  in  bundles  in  the  ciliary  margin. 
These  circular  libres  are  sometimes  called  Heinrich  Miiller's  muscle.  The  muscle  consists  of 
smooth  muscular  iibres,  and  is  supplied  by  the  oeuloniotorius  (§  345,  3). 

The  iris  consists  of  the  following  parts  from  before  backwards  :— a  layer  of  epithelial  cells  {v) 
continuous  with  those  covering  the  posterior  surface  of  the  cornea,  a  layer  of  reticulated 


Fig.  516.  Fig.  517. 

Fi"  516.— Nerve-plexus  in  the  cornea  after  gold  chloride,  n,  nerve;  a,  fibrils.  Fig.  517.— Ver- 
tical  section  of  the  choroid  and  a  part  of  the  sclerotic.  (1)  sclerotic  ;  (2)  lamina  supra- 
choroidea  ;  (3)  layer  of  large  vessels  ;  (4)  limiting  layer  ;  (5)  chorio-capillans  ;  (6)  hyaline 
membrane  ;  (7)  pigment  epithelium ;  ((/)  large  blood-vessels;  {]})  pigment-cells;  (c)  sections 
of  capillaries. 

conuective-tissue,  the  layer  of  blood-vessels,  and  lastly  a  posterior  limiting  membnane,  which 
contains  the  pigmentary  epithelium  («)  {Michel).  In  brunettes,  the  texture  ol  the  u-is  contains 
pic^mented  connective-tissue  corpuscles.  The  iris  in  some  animals  is  described  as  containiDg 
two  muscles  composed  of  smooth  muscular  fibres— one  set  constituting  the  sphincter  pupilUe 
(circular— fig.  533),  which  surrounds  the  pupil,  and  lies  nearer  the  posterior  than  the  anterior 
surface  of  the  iris  (§  392).  Its  nerve  of  supply  is  derived  from  the  oculomotoiius  (§  34o,  1). 
The  other  fibres  constitute  the  dilator  pupillse  (radiating),  which  consists  of  a  thinner  layer  ot 
fibres  arranged  in  a  radiate  manner.  Some  of  the  fibres  reach  to  the  margin  of  the  pupU 
while  others  bend  into  the  sphincter.  [The  existence  of  a  dilator  pupilku  in  man  is  denied 
fS  392)  1  At  the  outer  margin  of  the  iris,  the  radial  bundles  are  arranged  in  anastomosing 
arches,  and  form  a  circular  muscular  layer  {Blerkcl).  The  chief  nerve  of  supply  lor  the  dilator 
fibres  is  the  sympathetic  (§  347,  3).  Ganglia  occur  in  the  ciliary  nerves  in  the  choroid,  and 
they  are  found  also  in  the  iris].  Gerlach  has  recently  applied  the  term  hgamcidum  annulare 
hulhi  to  that  complex  fibrous  arrangement  which  surrounds  the  ins,  and  at  the  same  time  tornis 
the  point  of  union  of  the  ciliary  body,  iris,  ciliary  muscle,  sinus  venosus  iridis,  and  the  line  ol 
iunction  of  the  cornea  and  sclerotic.  _  ,  , 

The  choroidal  vessels  are  of  great  importance  in  connection  with  the  ""tntion  ot  tlit  j^  e. 
According  to  Leber,  they  are  arranged  as  follows  :-The  artenes  are--l.  "^^^  f:^'^'^^'''^^^ 
ciliary,  which  are  about  twenty  in  number  and  perforate  the  sclerotic  near  the  optic  ntr\t 
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(fig.  518,  a,  a).    They  terminate  in  the  vascular  network  of  the  chorio-capillaris  which 

readies  as  far  as  the  ora  serrata.    2.  The  long  posterior  ciliary  ;  one  of  these  lies  on  the  nasal 

ami  the  other  on  the  temporal  side,  and  they  run  (6)  to  the  ciliary  part  of  the  choroid,  where 

they  divide  dichotomously,  and  penetrate 

into  the  iris,  where  they  help  to  form  the 

circiilus  arteriosus  iridis  major  (p).    3.  The 

anterior  ciliary  (c),  which  arise  from  the 

muscular  branches,  perforate  the  sclerotic 

anteriorly,  and  give  branches  to  the  ciliary 

part  of  the  choroid  and  to  the  iris.  About 

twelve  branches  run  backwards  (o)  from 

them  to  the  chorio-capillaris. 
Veins. — 1.  The  anterior  ciliary  veins  (c) 

receive  the  blood  from  the  anterior  part  of 

the  uvea  and  carry  it  outwards.  These 

branches  are  connected  with  Schlemm's  canal 

and  Leber's  venous  lilexus.    They  do  not 

receive  any  blood  from  the  iris.     2.  The 

venous  plexus  of  the  ciliary  processes  (r) 
receives  the  blood  from  the  iris  {q),  and 
passes  backwards  to  the  choroidal  veins. 
3.  The  large  vasa  vorticosa  Stenonis  (A) 
perforate  the  sclerotic  behind  the  equator 
of  the  bulb. 

The  inner  margin  of  the  iris  rests  upon 
the  anterior  surface  of  the  lens  ;  the  poste- 
rior chamber  is  small  in  adults,  and  in  the 
new-born  child  it  may  be  said  scarcely  to 
exist— it  is  so  small.  When  Berlin  blue  is 
injected  into  the  anterior  chamber  of  the 
eye,  it  generally  passes  into  the  anterior 
ciUary  veins  (Schivalbe).  Even  in  living 
animals,  carmin  also  behaves  in  a  similar 
manner  (Heisrath) ;  hence,  these  observers 
conclude  that  there  is  a  direct  communica- 
tion between  the  veins  and  the  aqueous 
chamber,  as  these  substances  do  not  diffuse 

through  membranes.  ^^s,. 

Internal  to  the  choroid,  lies  the  single  Diagram  of  the  blood-vessels  of  the  eye  (horizontal 
layer  of  hexagonal  cells  (0*0135  to  0'02     '^""^^  v^oi'no  Wo„v   on<-„,.;„„  ....-i.!.  _  i 

mm.  in  breadth)  filled  with  crvstalline  pig- 
ment.    This  layer  really  belongs  to  the 
retina.    It  consists  of  a  single  layer  of  cells 
as  far  as  the  ora  serrata— it  is  continued  on 
to  the  ciliary  processes  and  the  posterior 
surface  of  the  iris,  where  it  forms  several 
layers  (fig.  514,  x).    In  albinos  it  is  devoid 
of  pigment ;  on  the  other  hand,  the  upper- 
most cells,  which  lie  on  the  ridges  of  the 
cihary  processes,  are  always  devoid  of  pig- 
ment.  [The  processes  of  these  cells  vary  in 
length  with  the  nature  and  kind  of  li^ht 
acting  on  the  retina  (§  398).]  ° 
^'he  retina  externally  is  in  contact  with 
i!-  T^'^^'  °^  ^lexagonal  pigment-cells  (Pi), 
which  m  its  development  and  functions 
really  belongs  to  the  retina.    The  cells  are 
not  flat,  but  they  send  pigmented  processes 
into  the  space  between  the  ends  of  the  rods 


View,  veins  black,  arteries  light,  with  a  double 
contour),  a,  a,  short  posterior  ciliary  ;  b,  lono- 
posterior  ciliary  ;  c,  c',  anterior  ciliary  artery  and 
vein  ;  d,  d',  artery  and  vein  of  the  conjunctiva  ; 
c,  e',  central  artery  and  vein  of  retina  ;  f,  blood- 
vessels of  the  inner,  and  g,  of  the  outer  optic 
sheath  ;  h,  vorticose  vein  ;  i,  posterior  short  cili- 
ary vein  confined  to  the  sclerotic  ;  k,  branch  of 
the  posterior  short  ciliary  artery  to  the  optic 
nerve  ;  I,  anastomosis  of  the  choroidal  vessels 
with  those  of  the  optic  ;  m,  chorio-capillaris  ;  n. 
episcleral  branches;  o,  recurrent  choroidal  artery  • 
p,  gi-eat  circular  artery  of  iris  (transverse  section); 
q,  blood-vessels  of  the  iris  ;  r,  ciliary  process  ;  s, 
branch  of  a  vorticose  vein  from  the  ciliary  muscle ; 
t,  branch  of  the  anterior  ciliary  vein  to  the  ciliary 
muscle  ;  u,  circular  vein  ;  v,  marginal  loops  of 
vessels  on  the  cornea  ;  w,  anterior  artery  and  vein 
ot  the  conjunctiva. 

granules  and  other'substancer  "VhTr^PlT;,  ^"  animals  (rabbit)  the  cells  contain  fatty 


[1.  Layer  of  pigment-cells. 

2.  Rods  and  cones. 

3.  External  limiting  membrane. 

4.  Outer  nuclear  layer. 

5.  Outer  molecular  (granular  or  in- 

ternuclear)  layer. 


9 
10 


6.  Inner  nuclear  layer. 

7.  Inner  molecular  (granular)  layer. 

8.  Layer  of  nerve-cells  (ganglionic) 
layer. 

Layer  of  nerve-fibres. 
Iiilcriial  limiting  mambranc  ] 
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1  The  hexagonal  pigment-cells  already  described.  2.  The  layer  of  rods  and  cones  (SI)  or 
nmro-cpilheUimi  of  Scliwalbo  [haciUarij  layer,  or  the  visual  celh,  or  visual  cinihclium  of  Kuhue] 
((if  5''0)  These  lie  oxterniilly  next  tlie  clioroid,  but  tliey  are  absent  at  the  entrance  ot  the 
oiJtic  nerve  Tlien  follows  the  external  limiting  membrane  (Lc),  which  is  perforated  by  thv 
bases  of  the  rods  and  cones.  3.  The  external  nuclear  layer  {au.K)  ;  this  and  all  the  succeed- 
inf  layers  are  called  "  brain  layers  "  by  Sehwiilbe.  4.  The  external  gi'anular  (au.yr),  or  mter- 
nuclear  layer,  which  is  perforated  by  the  fibres  wliieh  i)roceed  inwards  Irom  the  nuclei  of  3  to 
roach  5  the  nuclei  of  the  internal  nuclear  layer  {inlC).  The  nuclei  of  this  layer,  which  are 
connected  by  libres  with  the  rods  and  cones,  are  marked  by  transverse  lines  m  the  macula  lutea 
(Krausc,  Denissenko).  6.  The  finely  granular  internal 
granular  layer  (in.gr),  through  which  the  fibres  proceeding 
from  the  inner  nuclear  layer  cannot  be  traced.  It  would 
seem  as  if  these  fibres  break  up  into  the  finest  fibrils,  into 
which  also  the  branched  processes  of  tlio  ganglionic  cells 


iji.fy 


MA 

Fig.  519.  J'ig-  520.      ^  .  . 

•Ficr  519  —Vertical  section  of  human  retina,    a,  rods  and  cones  ;  h,  ext.,  and     int.  mnir. 
°"  memb     6  ext   and/,  int.  nucl.  layers  ;  e,  ext.,  and  g,  int.  gran,  layers  ;  li,  blood-vessel 
Tnd  n^rVe  cefls '■  Tne^ve  fibres.    Fig.  520.-Layers  of  the  retina.    Pi,  hexagonal  pigment- 
cells    ^  rSs  and  ^nes  ;  Le,  ext.  limiting  meinbrane  ;  ext.  nuclear  layer ;  «« 
?t  ^fnX  aye^;Ti'int:  nuclear  ;  i.V,  int.  granular;  ^r^/,  f-fhonic  n^^-ceUs; 
0  fibfesof  optic  ne^-ve;  Li,  int.  limit,  membrane ;  iJA;.  fibres  of  Muller;  E,  nuclei,  by, 
spaces  for  the  nervous  elements, 
of  7  the  ganglionic  layer,  extend.    According  to  v.  Vintschgau,  the  processes  of  the  |an- 

fibre  there  are  7  cones,  about  100  rods,  and  7  pigment-cells.    The  .^1^*^°,  ti-^  two 

Srmrcula  lutea,.  where,  however,  there  arc  SSve-toue  suSce  o'f  Te 

homogeneous  limiting  membranes  {Lc  a  radiate  manner 
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network  in  all  the  layers,  holes  being  loft  for  the  nervous  portions  {Sg).  Tlie  inner  segments 
of  the  rods  and  cones  arc  also  surrounded  by  a  sustentacular  substance.  As  the  retina  passes 
forward  to  the  ora  serrata,  it  becomes  thinner  and  thinner,  gradually  becoming  richer  in  con- 
nective-tissue elements  and  poorer  in  nerve  elements,  until,  in  the  ciliary  part,  only  the  cylin- 
drical cells  remain  (fig.  519). 

[Macula  Lutea  and  Fovea  Centralis. — There  are  no  rods  in  the  fovea,  while  the  cones  are 
longer  and  narrower  than  in  the  other  parts  of  the  retina  (fig.  521).  The  other  layers  also  are 
thinner,  especially  at  the  macula  lutea,  but  they  become  thicker  towards  the  margins  of  the 
fovea,  where  the  ganglionic  layer  consists  of  several  rows  of  bipolar  cells.  The  yellow  tint  is 
due  to  pigment  lying  between  the  layers  composing  the  yellow  spot.] 

The  blood-vessels  of  the  retina  lie  in  the  inner  layers  near  the  inner  granular  layer.  Only 
near  tlie  entrance  of  the  optic  nerve  are  they  connected  by  fine  branches  with  the  choroidal 
vessels  ;  they  are  surrounded  by  perivascular  lymph-spaces.  The  greatest  number  of  capillaries 
runs  in  the  layers  external  to  the  inner  granular  layer  (Hesse).  The  fovea  centralis  is  devoid 
of  blood-vessels  (Nettleship,  Becker).  Except  in  mammals,  the  eel  (DenissenJco),  and  some 
tortoises  (IT.  Miillcr),  the  retina  receives  no  blood-vessels.  Destruction  of  the  retina  is  followed 
by  blindness. 

[Retinal  Epithelium. — The  single  layer  of  pigmentary  cells  containing  granules  of  melanin 
sends  processes  downwards,  like  the  hairs  of  a  brush,  between  the  rods  and  cones  (§  398). 
Kiihne  has  shown  that  the  nature  and  amount  pf  light  influence  the  condition  of  these  processes 


Fig.  521. 

Section  of  the  fovea  centralis,    a,  cones  ;  &  and  g,  int.  and  ext.  limit,  memb.  ;  c,  ext. ,  and  e, 

nuclear  layer  ;  d,  fibres  ;  /,  nerve-cells. 

(fig.  563).  The  protoplasm  of  these  cells  in  a  frog  kept  for  several  hours  in  the  dark,  is 
retracted,  and  the  pigment-granules  lie  chiefly  in  the  body  of  the  cell  and  in  the  processes  near 
the  cell.  In  a  frog  kept  in  bright  daylight,  the  processes  loaded  with  pigment  penetrate  down- 
wards between  the  rods  and  cones  as  far  as  the  external'limiting  membrane.] 

Each  rod  and  cone  consists  of  an  outer  and  an  inner  segment.  During  life,  the  outer 
segment  contains  a  reddish  pigment  or  the  visual  purple  [Boll). 

Visual  purple  [or  rhodopsin]  may  be  preserved  by  keeping  the  eye  in  darkness  ;  but  it  is 
soon  bleached  by  daylight,  while  it  is  again  restored  when  the  eye  is  placed  in  darkness  It 
can  be  extracted  from  the  retina  by  means  of  a  2-5  per  cent,  solution  of  the  bile  acids,  especially 
troru  eyes  that  have  been  kept  in  10  per  cent,  solution  of  common  salt  [Ayres).  The  rods  are 
0-04  to  0-06  mm.  high  and  0-0016  to  0-0018  mm.  broad,  and  exhibit  longitudinal  striation 
produced  by  the  presence  of  fine  grooves;  a  fine  fibril  runs  in  their  interior  (Bitter).  The 
external  segment  occasionally  cleaves  transversely  into  a  number  of  fine  transparent  discs  [It 
Ls  a  very  resistant  structure,  and  in  this  respect  resembles  neuro-keratin.]  Krause  found  an 
ellipsoidal  body,  the  rod  ellipsoid,"  at  the  junction  of  the  inner  and  outer  segments  of  the 
roas.  the  cones  are  devoid  of  visual  purple,  but  their  outer  segment  is  striated  longitudinally, 
and  It  also  readily  breaks  across  into  thin  discs.  Only  cones  are  present  in  the  macula  lutea. 
in  the  neighbourhood  of  the  yellow  spot,  each  cone  is  surrounded  by  a  ring  of  rods.  The  cones 
become  less  numerous  towards  the  periphery  of  the  retina.  In  nocturnal  animals,  such  as  the 
non.f  fw  'p  .f'^'fl^-*®'"  ?°  imperfect  ones.    The  retina;  of  birds  contain  many 

pX^ai  r  ^'^^  ''"'^  rest  on  the  sieve-like  perforated 

tS  wtll      iT  (^«):  .  Both  send  processes  through  the  membrane,  the  cones  to 

f^iS  1  l"gher-placed  nuclei,  the  rods  to  the  nuclei,  with  transverse  markings  in  the 
external  nuclear  layer.    [The  cones  are  particularly  large  in  some  fishes,  e.g.,  the  cod,  while 
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the  skate  has  no  cones,  but  only  rods.    Tlie  same  is  the  case  in  the  shark  and  sturgeon, 
hedgehog,  bat,  and  mole.] 

[Distribution  and  Regeneration  of  Rhodopsin.  — Kcej)  a  rabbit  in  the  dark  for  some  time, 
kill  it,  remove  its  eyeball,  and  examine  its  retina  by  the  aid  of  monochromatic  (sodium)  light. 
The  retina  will  be  purple-red  in  colour,  all  except  the  macula  lutea  and  a  small  part  at  the  era 
serrata.  The  pigment  is  conlined  to  the  uider  segments  of  the  rods.  It  is  absent  in  pigeons, 
hens,  and  one  bat,  although  the  last  has  only  rods.  It  is  found  both  in  nocturnal  and  diurnal 
animals.  Its  colour  is  quickly  bleached  by  light,  and  it  fades  rapidly  at  a  temperature  of  50" 
to  76°  C,  while  trypsin,  alum,  and  ammonia  do  not  ail'ect  it.  It  is  restored  in  the  retina  by  • 
the  action  of  the  retinal  epithelium.  If  the  retinal  epithelium  or  choroid  be  lifted  off  from  an 
excised  eye  exposed  to  light,  the  purple  is  destroyed  ;  but  if  the  eye  be  placed  in  darkness  and 
the  retinal  epithelium  replaced,  the  colour  is  restored.] 

Chemistry  of  the  retina. — The  reaction  of  the  retina,  when  quite  fresh,  is  acid,  and  becomes 
alkaline  in  darkness.  The  rods  and  cones  contain  albumin,  neuro-keratin,  nuclein,  and  in  the 
cones  are  the  pigmented  oil  globules,  the  so-called  "  chromophanes. "  The  other  layers  contain 
the  constituents  of  the  grey  matter  of  the  brain. 

[Cones.— There  is  no  colouring  matter  in  the  outer  segment  of  the  cones,  but  in  fishes,  rep- 
tiles, and  birds  the  inner  segment  contains  a  globular-coloured  body  often  red  and  yellow,  tiie 
pigment  being  held  in  solution  by  a  fatty  body.  Kiihne  has  separated  a  green  (chlorophane), 
a  yellow  (xanthophane),  and  a  red  (rhodophane)  pigment.  They  all  give  a  blue  with  iodine, 
and  are  bleached  by  light  {Schwalbe).] 

The  crystalline  lens  is  enclosed  in  a  transparent  capsule,  thicker  anteriorly  than  posteriorly, 
and  it  is  covered  on  the  inner  surface  of  the  anterior  wall  by  a  layer  of  low  epithelium.  Towards 
the  margin  of  the  lens,  these  cells  elongate  into  nucleated  fibres,  which  all  bend  round  the 
,  ,  ,  .  margin  of  the  lens,  and  on  both  sides  of  the  lens  abut  with 

I  h  ^^^^  against  each  of  the  triradiate  figures.    The  lens 

Will  11  fih\-&%  contain  globulin  enclosed  in  a  kind  of  membrane. 

'  '  In/ /Yy^    Owing  to  mutual  pressure,  they  are  hexagonal  when  seen  in 

transverse  section  (fig.  522,  2),  while  in  many  animals,  especi- 
ally fishes,  their  margins  are  serrated  [the  teeth  dovetail 
into  each  other].  For  the  sake  of  simplicity,  we  may  regard 
the  lens  as  a  biconvex  body  with  spherical  surfaces,  the 
posterior  surface  being  more  curved.  As  a  matter  of  fact, 
the  anterior  part  is  part  of  an  ellipsoid  formed  by  rotation 
on  its  short  axis.  The  posterior  surface  resembles  the  section 
of  a  paraboloid,  i.e.,  we  might  regard  it  as  formed  by  the 
rotation  of  a  parabola  on  its  axis  {Brilcke).  The  outer  layers 
of  the  lens  have  less  refractive  power  than  the  more  internal 
layers.  The  central  part  of  the  lens  or  nucleus  is,  at  the 
same  time,  firmer,  and  more  convex  than  the  entire  lens. 
The  margin  of  the  lens  is  always  separated  from  the  ciliary 
processes  by  an  intermediate  space. 

[Chemistry.— The  lens  contains  about  two-thirds  of  its 
weight  of  water,  while  its  chief  solid  is  a  globulin,  called  by 
Berzelius  crystaUin  (24-6  per  cent.),  with  a  little  serum- 
albumin,  salts,  cholesteriu,  and  fats.] 

[Cataract. —Sometimes  the  lens  becomes  more  or  less 
opaque,  the  opacity  beginning  either  in  the  middle  or  outer 
parts  of  the  lens.  This  is  generally  due  to  fatty  degenera- 
tion of  the  fibres,  cholesterin  being  deposited.  An  opaque,  cataractous  condition  of  the  lens 
may  be  produced  in  frogs,  by  injecting  a  solution  of  some  salts  or  sugar  into  the  lymph-sacs  ; 
the  result  is  that  these  salts  absorb  the  water  from  the  lens,  and  thus  make  it  opaque.  The 
cataract  of  diabetes  is  probably  produced  from  the  presence  of  grape-sugar  in  the  blood  ] 

The  zonule  of  Zinn,  at  the  ora  serrata,  is  applied  as  a  folded  membrane  to  the  ciliaiy  part  of 
the  uvea,  so  that  the  ciliary  processes  are  pressed  into  its  folds,  and  are  united  to  it.  It  passes 
trthe  mar-ins  of  the  lens,  where  it  is  inserted  by  a  series  of  folds  into  the  anterior  part  of  the 
capsule  of  the  lens.  Behind  the  zonule  of  Zinn,  and  reaching  as  far  as  the  vitreous  humour  is 
the  canal  of  Petit.  The  zonule  is  a  fibrous  perforated  membrane.  According  to  Merkel,  the 
canal  of  Petit  is  enclosed  by  very  fine  fibres,  so  that  it  is  really  not  a  canal  but  a  complex  com- 
mun  catin-  system  of  spaces  (Gerlach).  Nevertheless,  the  zonule  represents  a  stretched  mem- 
holdinl  the  lens  in  position,  and  may  therefore  be  regarded  as  the  suspensory  ligament 

°^OmcftTor  cloudiness  of  the  lens  (grey  cataract)  hinders  the  passage  of  light  into  the  eye. 
AnhaMa^or  the  absence  of  the  lens  ("as  after  operations  for  cataract),  may  be  remedied  1^'  a 
pa?  of  strong  convex  spectacles.    Of  course,  such  an  eye  does  not  possess  the  power  of  accom- 

""ite  vitreous  humour,  as  far  as  the  ora  serrata,  is  bounded  by  the  internal  limiting  membrane 


Fig.  522. 
1,  Fibres  of  the  lens;  2,  transverse 
sections  of  the  lens  fibres. 
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of  the  retina  {Henlc,  hoanoff).  From  here  forwards  lying  between  both,  are  the  meridional 
fibres  of  tlie  zonule,  which  are  nnitod  with  the  surface  of  the  vitreous  and  the  ciliary  processes. 
A  part  of  the  fibrous  layer  bends  into  the  saucer-shaped  depression,  and  bounds  it.  A  canal, 
2  mm.  in  diameter,  runs  from  the  optic  papilla  to  the  posterior  surface  of  the  capsule  of  the 
lens  •  it  is  called  the  hyaloid  canal,  and  was  formerly  traversed  by  blood-vessels.  The  peri- 
pheral part  of  the  vitreous  humour  is  laminated  like  an  onion,  the  middle  is  homogeneous  ;  in 
the  former,  especially  in  the  foetus,  are  round  fusiform  or  branched  cells  of  the  mucous  tissue 
of  the  vitreous,  while  in  the  centre  there  are  disintegrated  remains  of  these  cells  {Iwanoff).  The 
vitreous  humour  contains  a  very  small  percentage  of  solids,  1-5  per  cent,  of  mucin,  [and, 
according  to  Picard,  there  is  0-5  per  cent,  of  urea,  and  about  •7.')  of  sodic  chloride]. 

[Structure. — The  vitreous  humour  consists  essentially  of  mucous  tissue,  in  whose  meshes  lies 
a  very  watery  fluid,  containing  the  organic  and  inorganic  bodies  in  solution.    According  to 


Fig.  523. 

Horizontal  section  of  the  entrance  of  the  optic  nerve  and  the  coats  of  the  eye.  a,  inner,  h, 
outer  layers  of  the  retina  ;  c,  choroid  ;  d,  sclerotic  ;  e,  physiological  cup  ;  /,  central  artery 
of  retina  in  axial  canal ;  g,  its  point  of  bifurcation  ;  h,  lamina  cribrosa  ;  I,  outer  (dural) 
sheath  ;  m,  outer  (subdural)  space  ;  n,  inner  (subarachnoid)  space ;  r,  middle  (arachnoid) 
sheath  ;  p,  inner  (pial)  sheath ;  i,  bundles  of  nei>ve-fibres  ;  Tc,  longitudinal  septa  of  con- 
nective-tissue. 

Younan,  the  vitreous  contains  two  types  of  cells — (1)  amoeboid  cells  of  various  shapes  and 
sizes.  They  lie  on  the  inner  surface  of  the  lining  hyaloid  membrane  and  the  other  mem- 
branes in  the  cortex  of  the  vitreous  ;  (2)  large  branching  multipolar  cells.  The  vitreous  is 
permeated  by  a  large  number  of  transparent,  cleai-,  homogeneous  hyaloid  membranes,  which 
are  so  disposed  as  to  give  rise  to  a  concentric  lamination.  The  canal  of  Stilling  represents  in 
the  adult  the  situation  of  the  hyaloid  artery  of  the  foetus.  It  can  readily  be  injected  by  a 
coloured  fluid.] 

The  Ijrmphatics  of  the  eye  consist  of  an  anterior  and  a  posterior  set.  The  anterior  consist  of 
the  anterior  and  posterior  chambers  of  the  eye  (aqueous),  which  communicate  with  the  lym- 
phatics of  the  iris,  ciliary  processes,  cornea,  and  conjunctiva.  The  posterior  consist  of  the 
perichoroidal  space  between  the  sclerotic  and  the  choroid  {Schwalbc).  This  space  is  connected 
by  means  of  the  perivascular  lymphatics  around  the  trunks  of  the  vasa  vorticosa,  with  the  large 
lymph-space  of  Tenon,  which  lies  between  the  sclerotic  and  Tenon's  capsule.  Posteriorly,  this 
is  continued  into  a  lymph-channel,  which  invests  the  surface  of  the  optic  nerve  ;  while 
anteriorly  it  communicates  directly  with  the  sub-conjunctival  lymph-spaces  of  the  eyeball. 
The  optio  nerve  has  three  sheaths— (1)  the  dural ;  (2)  the  arachnoid  ;  and  (3)  the  pial  sheatli, 
derived  from  the  corresponding  membranes  of  the  brain.  Two  lymph-spaces  lie  between  these 
three  sheaths— the  subdural  space  between  1  and  2,  and  the  subarachnoid  space  between  2 
and  3  (fig.  509).    Both  spaces  are  lined  by  endothelium  ;  aud-the  fine  trabecule  passing  from 
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one  wall  to  tlic  otlier  are  similarly  covered.    Aiicordiiig  to  Axel  Key  and  Retzius,  these  lymph- 
spaces  coinniuiiicate  anteriorly  with  the  perichoroidal  space. 

The  aqueous  humour  closely  resembles  the  cerebro-spiunl  fluid,  and  contains  albumin  and 
sugar  ;  the  rorinor  is  increased,  and  the  latter  disappears  after  death.  The  same  occurs  in  the 
vitreous.  The  albumin  increases  when  the  ditrcrenco  between  the  blood-pressure  and  the  intra- 
ocular pressure  rises.  Such  variations  of  pressure,  and  also  intense  stimuli  applied  to  the 
eve,  cause  the  production  of  librin  in  the  anterior  chamber  {Jcsncr  and  Grilnhagen). 
'  Intraocular  Pressure. — The  cavity  of  the  bulb  is  practically  Idled  with  watery  liuids,  which, 
during  life,  are  constantly  subjected  to  a  certain  ])ressure,  the  "intraocular  pressure."  Ulti- 
mately, this  depends  upon  the  blood-pressure  within  the  arteries  of  the  retina  and  uvea,  and 
must  rise  and  fall  with  it.  The  pressure  is  determined  by  pressing  upon  the  eyeball,  and 
ascertaining  whether  it  is  tense,  or  soft  and  compressible.  Just  as  in  the  case  of  the  arterial 
pressure,  the  intraocular  pressure  is  influenced  by  many  circumstances  ;  it  is  increased  at  every 
pulse-beat  aud  at  every  expiration,  while  it  is  decreased  during  inspiration.  The  elastic  tension 
of  the  sclerotic  and  cornea  regulates  the  increase  of  the  arterial  pressure  by  acting  like  the  air- 
chamber  in  a  fire-engine  ;  thus,  when  more  arterial  blood  is  pumped  into  the  eyeball,  more 
venous  blood  is  also  expelled.  The  constancy  of  the  intraocular  pressure  is  also  influenced  by 
the  fact  that,  just  as  the  aqueous  humour  is  removed,  it  is  secreted,  or  rather  formed,  as  rapidly 
as  it  is  absorbed  (§  392).  [Fick  has  invented  an  instrument  for  the  direct  measurement  of  the 
inti'aocular  pressure,  a  small  plate  of  known  size  is  pressed  against  the  eyeball,  and  the  pressure 
exerted  is  registered  by  means  of  a  spring  and  index.] 

The  secretion  of  the  aqueous  humour  occurs  pretty  rapidly,  as  may  be  surmised  from  the 
fact,  that  hcemoglobin  is  found  in  the  aqueous  humour  half  an  hour  after  dissolved  blood  (lamb's) 
is  injected  into  the  blood-vessels  of  a  dog.  It  is  rapidly  reformed,  after  evacuation,  through  a 
wound  in  the  cornea.  According  to  Knies,  the  watery  fluid  within  the  eyeball  is  secreted, 
especially  from  the  chorio-capillaris,  and  reaches  the  suprachoroidal  space,  in  the  lymph-yshcaths 
of  the  optic  nerve,  and  partly  through  the  network  of  the  sclerotic.  It  saturates  the  retina, 
vitreous,  lens,  and  for  the  most  part  passes  through  the  zonula  ciliaris  into  the  posterior 
chamber,  and  through  the  pupil  into  the  anterior  chamber.  The  movements  of  the  fluid  with- 
in the  eyeball  have  been  recently  studied  by  Ehrlich,  who  used  fluorescin,  an  indifl'erent  sub- 
stance, which,  on  being  introduced  into  the  body,  passes  into  the  fluids  of  the  eyeball,  and  in  a 
very  dilute  solution  may  be  recognised  by  its  green  fluorescence  in  reflected  light.  From  obser- 
vations on  the  entrance  of  this  substance  into  the  eye,  Scholer  and  Uhthoff  regard  the  posterior 
surface  of  the  iris  and  the  ciliary  body  as  the  secretory  organs  for  the  aqueous  humour.  It 
passes  through  the  pupil  into  the  anterior  chamber!;  some  passes  into  the  lens,  and  along  the 
canal  of  Petit  into  the  vitreous  humour  (P^wfirer).  Section  of  the  cervical  sympathetic,  and  still 
more  of  the  trigeminus,  accelerates  the  secretion  of  the  aqueous,  but  its  amount  is  diminished. 
If  the  substance  is  dropped  into  the  conjunctival  sac,  it  percolates  towards  the  centre  of  the 
cornea,  and  through  the  latter  into  the  anterior  chamber  {Ffliiger).  ,  ,  . 

A  current  passes  forwards  from  the  vitreous  humour  around  the  lens,  and  there  is  an  outHow 
along  the  central  artery  of  the  retina  backwards  through  the  optic  nerve  to  the  cavity  ot  the 
skull  {Giffm-d).    The  cui'rent  in  the  spaces  between  the  sheaths  flows  from  the  brain  to  the  eye 

^^The  ^outflow  of  the  aqueous  humour,  according  to  Leber  and  Heisrath,  takes  place  chiefly 
between  the  meshes  of  the  ligameutum  pectinatum  iridis  (fig.  514,  m,  m),  and  the  canal  ol 
Schlemm  (i,  k),  into  the  anterior  circular  veins  (p.  737).  A  small  part  of  the  aqueous  humour 
diffuses  into  the  posterior  layers  of  the  cornea,  to  nourish  it  {Leber).  Isone  ot  the  water  is 
conducted  from  the  eyeball  by  any  special  efferent  lymphatics  (Leber).  Under  normal  circum- 
stances, the  pressure  is  nearly  the  same  in  the  vitreous  and  aqueous  chambers  but  atropin 
seems  to  diminish  the  pressure  in  the  former  and  to  increase  it  in  the  latter,  whilst  Malabar 
bean  has  an  opposite  action  {Ad.  Weber).  Arrest  of  the  outflow  of  the  venous  blood  often 
increases  the  pressure  in  the  vitreous,  and  diminishes  that  in  the  aqueous  chamber.  Compres- 
sion of  the  bulb  from  without  causes  more  fluid  to  pass  out  of  the  eye  temporarily  than  enters 
it  The  diminution  of  the  intraocular  pressure  is  well-marked  after  section  oi  the  trigeminus, 
while  it  rises  when  this  nerve  is  stimulated.  The  statements  of  observers  regarding  the  ettect 
of  the  sympathetic  nerve  upon  the  pressure  vary.  Interruption  to  the  venous  outf  ow  jnci-easf 
the  pressure,  while  an  imperfect  supply  of  blood,  the  outflow  being  normal,  diminishes  the  pres- 
sure.   The  innervation  of  the  blood-vessels  of  the  eye  is  referred  to  at  §  347. 

qftii  DIOPTRIC  OBSERVATIONS.— The  eye  as  an  optical  instrument  is  comparable  to  a 
cameraobscura  ;  in  both,  an  inverted  diminished  image  of  the  objects  of  the  ex^ternal  world 
is  formed  upon  a  background,  the  field  of  projection.    Instead  ot  the  ^^^^  ^f^^*^^^^ 

however  the  eye  has  several  refractive  media  placed  behind  each  other-cornea,  aqueous 
So^  lens  (whose  individual  pnrts-capsule,  cortical  layers,  and  nucleus,  all  possess  different 

SSe  indices),  and  vitreous'humour.'  Every  two  of  '^^^f^Tw^T^MolTt^^^^^^^ 
a  "  refractive  surface,"  which  may  be  regarded  as  spherical.  The  field  of  pro  ection  olthcp  c 
is  the  rethia,  which  is  coloured  .with  the  visual  purple  {BoU,  KUhne).    As  this  substance  is 
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bleached  chemically  by  the  direct  action  of  light,  so  that  the  pictures  may  be  temporarily  fixed 
m,ou  the  reth  a,  the  comparison  of  the  eye  with  the  camera  of  the  photographer  becomes  more 
Sin?  In  order  that  the  passage  of  tlie  rays  of  light  throngh  the  modia  of  the  eye  may  be 
iStly  understood,  we  must  know  the  following  factors  :-(!)  the  refractive  indices  of  all  the 
niedia  ;  (2)  the  form  of  the  refractive  surfaces  ;  (3)  the  distance  of  the  various  media  from  each 
other  and  from  the  iield  of  projection  or  retina. 

Action  of  a  converging  lens.— We  must  know  how  a  convex  lens  acts  upon  lignt.  in  a, 
convex  lens  we  distinguish  the  centre  of  curvature,  i.e.,  the  centre  of  both  spherical  surfaces 
f  ficr  504  I  m  mX  The  line  connecting  both  is  called  the  chief  axis  ;  the  ccnti-e  ot  this  line  is 
the"  optical  centre  of  the  lens  (0).  All  rays  which  pass  through  the  optical  centre  of  the  lens 
pass  through  nnbent,  or  without  being  refracted  ;  tliey  are  called  the  chief  or  principal  rays 
()i         The  following  are  the  laws  regulating  the  action  of  a  convex  lens  upon  rays  of  light :— 

T  I  IL 


i 

1 

5  d 

Fig.  524. 

Figures  illustrating  the  action  of  lenses  upon  rays  of  light  passing  through  them. 

1.  Rays  which  fall  upon  the  lens,  parallel  with  the  principal  axis  (II,  /,  a),  are  so  refracted 
that  they  are  collected  on  the  other  side  of  the  lens,  at  a  point  called  the  focus  or  principal 
focus  (/).  The  distance  of  this  point  from  the  central  point  (0)  of  the  lens,  is  called  the  focal 
distance  of  the  lens  (/,  0).  The  converse  of  this  condition  is  evident,  viz. ,  rays  which  diverge 
from  a  focus  and  reach  the  lens,  pass  through  it  to  ,the  other  side,  parallel  with  the  principal 
axis,  without  again  coming  together. 

2.  Rays  of  light  proceeding  from  a  source  of  light  (IV,  I)  in  the  prolonged  principal  axis,  but 
hmjond  the  focal  point  (/),  again  converge  to  a  point  on  the  other  side  of  the  lens.  The  follow- 
ing cases  may  occur  :— (a)  When  the  distance  of  the  light  from  the  lens  is  equal  to  twice  the 
focal  distance,  the  focus  or  point  of  convergence  lies  at  the  same  distance  on  the  other  side  of 
the  lens,  i.e.,  twice  the  focal  distance.  (&)  If  the  luminous  point  be  moved  nearer  to  the 
focus,  then  the  focal  point  is  moved  farther  away,  (c)  If  the  light  is  still  farther  from  the  lens 
than  twice  the  focal  distance,  then  the  focal  point  comes  correspondingly  near  to  the  lens. 

3.  Rays  proceeding  from  a  point  of  the  chief  axis  (III,  h)  mthin  the  focal  distance,  jiass  out 
at  the  other  side  less  divergent,  but  do  not  come  to  a  focus  again.  Conversely,  rays  which  are 
convergent,  and  pass  through  a  collecting  lens,  have  their  focal  point  within  the  focal  distance. 

4.  If  the  luminous  point  (V,  a)  is  placed  in  the  .secondary  ray  (a,  h),  the  same  laws  obtain, 
provided  the  angle  formed  by  the  secondary  ray  with  the  principal  axis  is  small. 

Formation  of  images  by  convex  lenses. — After  what  has  been  stated,  regarding  the  position 
of  the  point  of  convergence  of  rays  proceeding  from  a  luminous  point,  the  construction  of  the 
image  of  any  object  by  a  convex  lens  is  easily  accomplished.  This  is  done  simply  by  projecting 
images  of  the  various  parts  of  the  object.  Thus,  evidently  (in  V),  h  is  the  focal  point  of  the 
object,  a,  while  v  is  the  focal  point  of  the  object  I.  The  picture  is  inverted.  Collecting  lenses 
form  an  inverted  and  real  'image  {i.e.,  upon  a  screen)  only  of  sv£li  objects  as  are  placed  heyoml 
the  focal  point  of  the  lens. 
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With  regard  to  the  size  and  distance  of  tlio  image  from  tlie  lens,  there  are  the  followint; 
cases  -—{a)  If  the  object  be  iilacod  at  twice  the  focal  distance  from  the  lens,  the  image  of  the 


same  is  just  the  same  size  and  at  the  same  distance  from  the  lens  as  the  object 
object  be  nearer  than  the  focus,  the  imago  recedes  and  at  the  same  time  becomes 


is.  (i)  If  the 
larger,    (c)  If 


L 

G 

y 

Fig.  526. 

the  object  be  farther  removed  from  the  lens  than  twice  the  focal  distance,  then  the  image  is 
nearer  to  the  lens  and  at  the  same  time  becomes  smaller. 

Position  of  the  focal  point. — The  distance  of  the  focal  point  from  the  lens  is  readily  calcu- 
lated according  to  the  following  formula : — Where  Z=the  distance  of  the  luminous  point,  6  =  the 

distance  of  the  image,  and /=the  focal  distance  of  the  lens :  -^4--|=-i ,  or         ~  ^  * 

1111 

Example. — Let  l  =  2i  centimetres,  /=6  cm.  '  Then  -=-- ^        so  that  6  =  8  cm.,  i.e.,  the 

o    6    24  8 

image  is  formed  8  cm.  behind  the  lens.    Further,  let  1=10  cm.,/=5  cm.  (i.e.,  1  =  2 /).  Then 

5-  =  Tr-  — =  — ;  so  that  &  =  10,  i.e.,  the  image  is  placed  at  twice  the  focal  distance  of  the  lens. 
0    5    10    10  o  i 

111 

Lastly,  let  Z  =  CO .    Then  y  =  t  >  ^o  that  b=f,  i.  e. ,  the  image  of  parallel  rays  coming  from 

b   J  CO 

infinity  lies  in  the  focal  j^oint  of  the  lens. 

Eefractive  Indices. — A  ray  of  light,  which  passes  in  a  perpendicular  direction  from  one 
medium  into  another  medium  of  different  density,  passes  through  the  latter  without  changing 
its  course  or  being  refracted.  In  fig.  525,  if  G  D,  is  x  A  B,  then  so  is  D  D,  j,  B  ;  for  a  plane 
surface  A  B  is  the  horizontal,  and  G  D  the  vertical  line.  If  the  surface  be  spherical,  then  the 
vertical  line  is  the  prolonged  radius  of  this  sphere.  If,  however,  the  ray  of  light  fall  obliquely 
upon  the  surface,  it  is  "  refracted, "  i.  e. ,  it  is  bent  out  of  its  original  course.  The  incident  and 
the  refracted  ray  nevertheless  lie  in  one  plane.  When  the  oblique  incident  ray  passes  from  a 
less  dense  medium  {e.g.,  air)  into  one  more  dense  {e.g.,  water),  the  refracted  or  excident  raj'  is 
bent  towards  the  perpendicular.  If,  converselj',  it  pass  from  a  more  dense  to  a  less  dense  medium, 
it  is  bent  atvay  from  the  perpendicular.  The  angle  (z,  G  D  S)  which  the  incident  ray  (S  D)  forms 
with  the  perpendicular  (G  D)  is  called  the  angle  of  incidence,  the  angle  formed  by  the  refracted 
ray  (D  Sj)  with  the  prolonged  perpendicular  (D  D)  is  called  the  angle  of  refraction,  D_D  Sj 
(r).  The  refractive  power  is  expressed  as  the  refractive  index.  The  term  refractive  index 
(m)  means,  that  number  which  shows  for  a  certain  substance,  how  many  times  the  sine  of  the 
angle  of  incidence  is  greater  than  the  sine  of  the  angle  of  refraction,  when  a  ray  of  light  passes 
from  the  air  into  that  substance.  Thus,  n  =  sin.  i  :  sin.  r=ab,  :  cd.  On  comparing  the  refractive 
indices  of  two  media,  we  always  assume  that  the  ray  passes  from  air  into  the  medium.  On 
I)assing  from  the  air  into  water,  the  ray  of  light  is  so  refracted  that  the  sine  of  the  angle  of 

incidence  is  to  the  sine  of  the  angle  of  refraction,  as  4  :  3;  the  refractive  index  =  -  (or  more 

exactly  =  1-336).  With  glass  the  proportion  is  =  3  :  2  {  =  1-535— Snellitcs,  1620;  Descartes). 
The  sine  of  the  incident  and  refractive-angles  are  related  as  the  velocity  of  light  with  both 
media. 

The  construction  of  the  refracted  ray,  the  refractive  index  being  given,  is  simple :— Example 
—Suppose  in  fig.  526,  L  =  the  air,  G  =  a  dense  medium  (glass)  with  a  spherical  surface,  xy,  and 
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with  its  centre  at  m;  po  =  the  obliciuo  incident  ray  the  viZ  is  the  ijerpendicular  <)=ithe 
an^le  of  incidence.    The  refractive  index  given  is  |- ;  the  object  is  to  find  the  direction  of  the 

refracted  way.  From  o  as  centre  describe  a  circle  with  a  radius  of  any  length  ;  from  a  draw  a 
perpendicular,  a  i  to  di  Z;  then  «  i  is  the  sine  of  the  angle  of  incidence,  i.  _  Divide  the  line  a  h 
lato  three  equal  parts,  and  prolong  it  to  the  extent  of  two  of  these  parts,  viz.,  to^j.  Draw  the 
line  p  parallel  to  «i  Z.  The  line  joining  o  to  n  is  the  direction  of  the  refracted  ray.  On  mak- 
iug  a  line,  n  s,  perpendicular  to  m  Z,  n  s  =  hj).    Further,  n  s  =  sine  <  )  =  r.    So  that  a  h  :  s  n 

or  :  bp)  =  B:  2  or  sin.  i  :  sin.  ?•=  |. 

Optical  cardinal  point  of  a  simple  collecting  system. — Two  refractive  media  (fig.  527,  L  and 


A         E  e 


Fig.  527. 


G),  which  are  separated  from  each  other  by  a  spherical  surface  {a,  b)  form  a  simple  collecting 
system.  It  is  easy  to  estimate  the  construction  of  an  incident  ray  coming  from  the  first 
medium  (L)  and  falling  obliquely  upon  the  surface  {a,  h)  separating  the  two  media,  as  well  as 
to  ascertain  its  direction  in  the  second  medium,  G,  and  also  from  the  position  of  a  luminous 
point  in  the  first  medium,  to  estimate  the  position  of  the  corresponding  focal  point  in  the 
second  medium.  The  factors  required  to  be  known  are  the  following : — L  (fig.  527)  is  the 
first,  and  G  the  second  medium,  a,  &  =  the  spherical  surface  whose  centre  is  m.  Of  course,  all 
the  radii  drawn  from  m  to  a  h  {m  x,  m  n)  are  perpendiculars,  so  that  all  rays  falling  in  the 
direction  of  the  radii  must  pass  unrefracted  through  vi.  All  rays  of  this  sort  are  called  rays  or 
lines  of  direction  ;  m,  as  the  point  of  intersection  of  all  these,  is  called  the  nodal  point.  The 
line  which  connects  vi  with  the  vertex  of  the  spherical  surface,  x,  and  which  is  prolonged  in 
both  directions,  is  called  the  optic  axis,  0  Q.  A  plane  (E,  F)  in  x,  perpendicular  to  0  Q,  is 
called  the  principal  plane,  and  in  it  x  is  the  principal  point.  The  following  facts  have  been 
ascertained  : — (1)  All  rays  (a  to  a^),  which  in  the  first  medium  are  parallel  with  each  other  and 
with  the  optic  axis,  and  fall  upon  a  b,  are  so  refracted  in  the  second  medium  that  they  are  all 
again  united  in  one  point  (pi)  of  the  second  medium.  This  is  called  the  second  princi2ml  focus. 
A  plane  in  this  point  perpendicular  to  0  Q  is  called  the  second  focal  plane  (C  D).  (2)  All  rays 
(c  to  c.^),  which  in  the  first  medium  are  parallel  to  each  other,  but  not  parallel  to  0  Q,  reunite 
in  a.  point  of  the  second  focal  plane  (r),  where  the  non-refracted  directive  ray  (Cj,  m  r)  meets 
this.  (In  this  case,  the  angle  formed  by  the  rays  c  to  Cg  with  C  Q  must  be  very  small.)  The 
propositions  1  and  2  of  course  may  be  reversed ;  the  divergent  rays  proceeding  from  p  towards 
a  b  pass  into  the  first  medium  parallel  to  each  other,  and  also  with  the  axis  C  Q  (a  to  «g) ;  and 
the  rays  proceeding  from  r  pass  into  the  first  medium  parallel  to  each  other,  but  not  parallel 
to  the  axis  0  Q  (as  c  to  c^).  (3)  All  rays,  which  in  the  second  medium  are  parallel  to  each 
other  (&  to  b^)  and  with  the  axis  0  Q,  reunite  in  a  point  in  the  first  medium  {p)  called  t\\Q  first, 
focal  point ;  of  course  the  converse  of  this  is  true.  A  plane  in  this  point  perpendicular  to  0  Q 
is  called  the  first  focal  plane  (A,  B).  The  radius  of  the  refractive  surface  (m,  x)  is  equal  to  the 
difference  of  the  distance  of  both  focal  points  (p  and^i)  fr  om  the  principal  focus  {x) ;  thus  vi  x  = 
2h  x-p  X.  From  these  comparatively  simple  propositions  it  is  easy  to  determine  the  following 
points  : —  JO 

1.  The  construction  of  the  refracted  ray.— Let  A  be  the  first  (fig.  528) ;  B,  the  second 
medium;  c  d,  the  spherical  surface  separating  the  two;  a  b,  the  optical  axis;  k,  the  nodal 
point ;  p,  the  first  and  2>i  the  second  principal  focus  ;  C,  D,  the  second  focal  plane.  Suppose 
xyto  represent  the  direction  of  the  incident  ray,  what  is  the  construction  of  the  refracted  ray 
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in  the  second  medium  '!  Prolong  the  iinrofractcd  ray,  P,  k,  Q  parallel  to  x,  y,  then  Q  is  the 
direction  of  the  refracted  ray  (according  to  2). 

2.  ConBtniction  of  the  image  for  a  given  object. — In  fig.  529,  B,  c,  d,  a,  h,  k,  p,  and2Jj, 

C,  D  are  as  before.  Suppose 
a  luminous  point  (o)  in  the  iirst 
medium,  what  is  the  position  of 
the  image  in  the  second  me- 
dium  ?  Prolong  the  unre- 
fracted  ray  (o,  k,  P),  and  draw 
the  ray(o,  x)  parallel  to  the  axis 
i(a,  h).  The  parallel  rays  (a,  « 
and  0,  a)  reunite  in  p  (accord- 
ing to  proposition  1).  Prolong 
X,  Pj  until  it  intersects  the  ray 
(o,  P),  then  the  image  of  o  is 
at  P,  the  rays  of  light  (o  x  and 
0  k)  proceeding  from  the  lumi- 
Fig.  528.  nous  point  (o)  reunite  in  P. 

Constniction  of  the  refracted  ray  and  the  image  in  several  refractive  media.— If  several 
refractive  media  be  placed  behind  each  other,  wc  must  proceed  from  medium  to  medium  with 

Jx 


 -  a.  

Fig.  529.  r 

the  same  methods  as  above  described.  This  would  be  very  tedious,  especially  when  dealing 
with  small  objects.    Gauss  (1840)  calculated  that  in  such  cases  the  method  of  construction  is 

iri'.: 


I. 


II. 


very  simple.  If  the  several  media  are  "  centred  "  i.e.,  if  all  have  the  ^^•''^l^y'^^^lf^^^^^^^ 
refractive  indices  of  such  a  centred  system  may  be  represented  by  two 

surfaces  at  a  certain  distance.    The  rays  falling  upon  the  first  surface  are  not  lefiactcd  bj  u. 
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0  X  parallel  to  a  h.  Both  rays  are  prolonged  in  a  parallel  direction  to  the  second  local  plane. 
The  ray  parallel  to  ah  goes  through  F  ;  m,  as  the  ray  of  direction  passes  through  unref  racted. 
0,  where  n,  F,  and  m  k^  intersect  each  other,  is  the  position  of  the  image  of  o. 

'  386.  DIOPTRICS— RETINAL  IMAGE— OPHTHALMOMETER.— Position 

of  the  cardinal  points. — The  eye  surrounded  with  air  on  the  anterior  surface  of  the 
cornea,  represents  a  concentric  system  of  refractive  media  with  spherical  separating 
surfaces.  In  order  to  ascertain  the  course  of  the  rays  through  the  various  media 
of  the  eye,  we  must  know  the  position  of  both  principal  foci  of  both  nodal  points 
as  well  as' the  two  principal  focal  points.  Gauss,  Listing,  and  v.  Helmholtz  have 
calculated  the  position  of  these  points.  In  order  to  make  this  calculation,  we 
require  to  know  the  refractive  indices  of  the  media  of  the  eye,  the  radii  of  the 
refractive  surfaces,  and  the  distance  of  the  latter  from  each  other.  These  will  be 
referred  to  afterwards.  (1)  The  first  princi2xd  pomt  h  2-1746  mm.;  and  (2)  the 
second  principal  point  is  2-5724  mm.  behind  the  anterior  surface  of  the  cornea. 
(3)  The  first  nodal  point,  0*7580  mm. ;  and  (4)  the  second  nodal  point,  0-3602  mm. 
in  front  of  the  posterior  surface  of  the  lens.  (5)  The  second  principal  focus, 
14-6470  mm.  behind  the  posterior  surface  of  the  lens;  and  (6)  ihe first  principal 
focus,  12-8326  in  front  of  the  anterior  surface  of  the  cornea. 

Listing's  reduced  eye. — The  distance  between  the  two  principal  points,  or  the  two 
nodal  points,  is  so  small  (only  0*4  mm.),  that  practically,  without  introducing  any 


great  error  in  the  construction,  we  may  assume  one  mean  nodal  or  principal  point 
lying  between  the  two  nodal  or  principal  points.  By  this  simple  procedure  we  gain 
07ie  refractive  surface  for  all  the  media  of  the  eye,  and  only  one  nodal  point, 
through  which  all  the  rays  of  direction  from  without  must  pass  without  being 
refracted.    This  schematic  simplified  eye  is  called  "  the  reduced  eye  "  of  Listing. 

Formation  of  the  retinal  image.— Thus,  the  construction  of  the  image  on  the 
retina  becomes  very  simple.  In  distinct  vision,  the  inverted  image  is  formed  on 
the  retina.  Let  A  B  represent  an  object  placed  vertically  in  front  of  the  eye  (fig. 
531).    A  pencil  of  rays  passes  from  A  into  the  eye ;  the  ray  of  direction,  A  d, 


A 


r 


B 


Fig.  531. 
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passes  without  refraction  tlirough  the  nodal  point,  k.  Further,  as  the  focal  point 
for  the  luminous  point.  A,  is  upon  the  retina,  all  the  rays  proceeding  from  A  must 
reunite  in  d.  The  same  is  true  of  the  rays  proceeding  from  B,  and,  of  course,  for 
rays  sent  out  from  an  intermediate  point  of  the  body,  A  B.  The  retinal  image  is, 
as  it  were,  a  mosaic,  composed  of  innumerable  foci  of  the  object.  As  all  the  rays 
of  direction  must  pass  through  the  common  nodal  point,  7c,  this  is  also  called  the 
"  point  of  intersection  of  the  visual  rays." 

The  inverted  imago  on  the  retina  is  easily  seen  in  the  excised  eye  of  an  albino  rabbit,  by  hold- 
ing up  any  object  in  front  of  the  cornea  and  observing  the  inverted  image  through  the  trans- 
parent  coats  of  the  eyeball. 

The  size  of  the  retinal  image  may  also  be  calculated,  provided  we  know  the  size  of  the 
object,  and  its  distance  from  the  cornea.  As  the  two  triangles,  ABA;  and  c  dk  are  similar, 
A  B  :  c  d^fk  :  k  g,  so  that  c  rf  =  (A  B,  k  g) :  fk.  All  these  values  are  known,  viz.,  k  ^  =  15-16 
mm.;  further, /^  =  a  k  x  a,f,  where  a /is  measured  directly,  and  a  k  =  7'ii  mm.  The  size 
of  A  B  is  measured  directly. 

The  angle,  A  A;  B,  is  called  the  visual  angle,  and  of  course  it  is  equal  to  the 
angle  c  k  d.  It  is  evident  that  the  nearer  objects,  x  y,  and  r  s,  must  have  the 
same  visual  angle.  Hence,  all  the  three  objects,  A  B,  x  y,  and  r  s,  give  a  retinal 
image  of  the  same  size.  Such  objects,  whose  ends  when  united  with  the  nodal 
point  form  a  visual  angle  of  the  same  size,  and  consequently  form  retinal  images 
of  the  same  size,  have  the  same  "  apparent  size." 

In  order  to  determine  the  optical  cardinal  points  by  calculation,  after  the 
method  of  Gauss,  we  must  know  the  following  factors : — 

1.  The  refractive  indices:  for  the  cornea,  1-377;  aqueous  humour,  1*377  ;  lens, 
1 '454  (as  the  mean  value  of  all  the  layers);  vitreous  humour,  1-336;  air  being 
taken  as  1,  and  water  1*335. 

2.  The  radii  of  the  spherical  refractive  surfaces:  of  the  cornea,  7*7  mm,;  of 
the  anterior  surface  of  the  lens,  10-3  ;  of  the  posterior,  6'1  mm. 

3.  The  distance  of  the  refractive  surfaces  :  from  the  vertex  of  the  cornea  to 
the  anterior  surface  of  the  lens,  3*4  mm. ;  from  the  latter  to  the  posterior  surface 
of  the  lens  (axis  of  the  lens),  4  mm.  ;  diameter  of  the  vitreous  humour,  14*6  mm. 
The  total  length  of  the  optic  axis  is  22*0  mm. 

[Kuhne's  Artificial  Eye. — The  formation  of  an  inverted  image,  and  the  other  points  in  the 
dioptrics  of  the  eye  can  be  studied  most  effectively  on  Kuhne's  artificial  eye,  the  course  of  the 
rays  of  light  being  visible  in  water  tinged  with  eosine.] 

Ophthalmometer. — This  is  an  instrument  to  enable  us  to  measure  the  radii  of  the  refractive 
media  of  the  eye.  As  the  normal  curvature  cannot  be  accurately  measured  on  the  dead  eye, 
owing  to  the  rapid  collapse  of  the  ocular  tunics,  we  have  recourse  to  the  process  of  Kohlrausch, 
for  calculating  the  radii  of  the  refractive  surfaces  from  the  size  of  the  reflected  images  in  the 
living  eye.  The  size  of  a  luminous  body  is  to  tJie  size  of  its  reflected  image,  as  the  distance  of  both 
to  half  the  radius  of  the  convex  mirror.    Hence,  it  is  necessary  to  measure  the  size  of  the  re- 


Fig.  532. 

Scheme  of  the  ophthalmometer  of  Helmholtz. 
fleeted  image.  This  is  done  by  means  of  the  ophthalmometer  of  Helmholtz  (fig.  532). 
The  apparatus  is  constructed  on  the  following  principle :— If  we  observe  an  object 
through  a  glass  plate  placed  obliquely,  the  object  appears  to  be  displaced  laterally ;  the 
displacement  becomes  greater,  the  more  obliquely  the  plate  is  moved.  Suppose  the  observer, 
A,  to  look  through  the  telescope,  F,  which  has  the  plate,  G,  placed  obliquely  ni  front  of  the 
wpper  half  of  its  objective,  he  sees  the  corneal  reflected  image,  a      of  the  eye,  B,  and  tlie 
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•,„ncrfl  aucears  to  be  displaced  laterally,  viz.,  to  a'  b'.    If  a  second  plate,  G,  be  placed  in  front 
o  theK'  Llf  of  the  telescope,  but  placed  in  the  opposite  direction  so  that  both  plates 
cLrSpond  ng  to  the  middle  line' of  the  objective,  intersect  at  an  angle  then  the  observer  sees 
the  rXcted  image,  a  h,  displaced  laterally  to  a"  b".    As  both  glass  plates  rotate  roand  the  r 

n?n?nrintei^ection  the  position  of  both  is  so  selected,  that  both  refiected  images  just  touch 
L  if  oA  r  V  th  tS  inner  margins,  (so  that  U  abuts  cbsely  upon  a").  The  size  of  the  reflected 
iraie  can  be  determined  from  the  size  of  the  angle  formed  by  both  plates,  but  we  must  take 

nto  calculation  the  thickness  of  the  glass  plates  and  their  refractive  indices.  Ihe  size  of  the 
rorneal  ima<^e,  and  also  that  in  the  lens,  may  be  ascertained  in  the  passive  eye,  and  also  in  the 
e?e  accommodated  for  a  near  object,  and  the  length  of  the  radius  of  the  curved  surface  may  be 
calculated  therefrom  {HelmhoUz  and  others).  ,.  ,  ,    „  x   xi  i 

Fluorescence.— All  the  media  of  the  eye,  even  the  retina,  are  slightly  fluorescent;  the  lens 
most,  the  virteous  humour  least  {v.  Hclmlwltz). 

Erect  Vision.— As  the  retinal  image  is  inverted,  we  must  explain  how  we  see 
objects  upright.  By  a  psychical  act,  the  impulses  from  any  point  of  the  retina  are 
again  referred  to  the  exterior,  in  the  direction  through  the  nodal  point ;  thus  the 
stimulation  of  the  point  cl  is  referred  to  A,  that  of  c  to  B  (fig.  531).  The  reference 
of  the  image  to  the  external  world  happens  thus,  that  all  points  appear  to  lie  in  a 
surface  floating  in  front  of  the  eye,  which  is  called  the  field  of  vision.  The  field  of 
vision  is  the  inverted  surface  of  the  retina  projected  externally  ;  hence,  the  field  of 
vision  appears  erect  again,  as  the  inverted  retinal  image  is  again  projected  externally 
but  inverted  (fig.  531). 

That  the  stimulation  of  any  point  is  again  projected  in  an  inverse  direction  through  the 
nodal  point,  is  proved  by  the  simple  experiment,  that  pressure  upon  the  outer  aspect  of  the 
eyeball  is  projected  or  referred  to  the  inner  aspect  of  the  field  of  vision.  The  entoptical  phe- 
nomena of  the  retina  are  similarly  projected  externally  and  inverted  ;  so  that,  e.g.,  the  entrance 
of  the  optic  nerve  is  referred  externally  to  the  yellow  spot  (see  §  393).  All  sensations  from  the 
retina  are  projected  externally. 

387.  ACCOMMODATION  OF  THE  EYE. —According  to  No.  2.  (p.  743),  the  rays  of  light 
proceeding  from  a  luminous  point,  e.g.,  a  flame,  and  acted  upon  by  a  collecting  (convex)  lens, 
are  brought  to  a  focus  or  focal  point,  which  has  always  a  definite  relation  to  the  luminous 
object.  If  a  projection-surface  or  screen  be  placed  at  this  distance  from  the  lens,  a  real  and 
inverted  image  of  the  object  is  obtained  upon  the  screen.  If  the  screen  be  placed  nearer  to  the 
lens  (fig.  524,  IV,  a,  b),  or  farther  away  from  it  (c,  d),  no  distinct  image  of  the  object  is  formed, 
but  diffusion  circles  are  obtained  ;  because,  in  the  former  case,  the  rays  have  not  united,  and 
in  the  latter,  because  the  rays,  after  uniting,  have  crossed  each  other  and  become  divergent. 
If  the  luminous  point  be  brought  nearer  to,  or  removed  farther  from,  the  lens,  in  order  to 
obtain  a  distinct  image,  in  every  case,  the  screen  must  be  brought  nearer,  or  removed  from  the 
lens,  to  keep  the  same  distance  between  the  lens  and  the  screen.  If,  however,  the  screen  be 
fixed  permanently,  whilst  the  distance  between  the  luminous  point  and  the  lens  varies,  a 
distinct  image  can  only  be  obtained  upon  the  screen,  provided  the  lens,  as  the  luminous  point 
approaches  it,  becomes  more  convex,  i.e.,  refracts  the  rays  of  light  more  strongly— conversely, 
when  the  distance  between  the  luminous  point  and  the  lens  becomes  greater,  the  lens  must 
become  less  curved,  I.e.,  refract  less  strongly. 

In  the  eye,  the  projection  surface  or  screen  is  represented  by  the  retina,  which  is  permanently 
fixed  at  a  certain  distance  ;  but  the  eye  has  the  power  of  forming  distinct  images  of  near  and 
distant  objects  upon  the  retina,  so  that  the  refractive  power,  i.e.,  the  form  of  the  crystalline 
lens  in  the  eye,  must  undergo  a  change  in  curvature  corresponding  in  every  case  to  the  distance 
of  the  object.  [It  is  important  to  remember,  that  we  cannot  see  a  near  object  and  a  distant 
one  with  equal  distinctness  at  the  same  iiine,  and  hence  arises  the  necessity  for  accom- 
modation.] 

Accommodation. — By  the  term  "accommodation  of  the  eye,"  is  understood  that 
property  of  the  eye,  whereby  it  forms  distinct  images  of  distant  as  well  as  near 
objects  upon  the  retina.  This  power  depends  upon  the  fact,  that  the  crystalline 
lens  alters  its  curvature,  becoming  more  convex  (thicker),  or  less  curved 
(flatter),  according  to  the  distance  of  the  object.  When  the  lens  is  absent  from  the 
eyeball,  accommodation  is  impossible  (Th.  Young,  Danders — p.  740). 

During  rest  [or  negative  accommodation],  or  when  the  eye  is  passive,  it  is 
accommodated  for  the  greatest  distcmce,  i.e.,  images  of  objects  placed  at  an  infinite 
distaoce  {e.g.,  the  moon)  are  formed  upon  the  retina.    In  this  case,  rays  coming 
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from  such  a  distance  are  practically  jxiralld,  and  when  they  enter  the  eye,  are  in 
the  passive  normal  eye  (emmetropic)  brought  to  a  focus  on  the  retina.  When 

looking  at  a  distant  object,  a  distinct  image  is 
formed  on  the  retina  without  the  aid  of  any 
muscular  action. 

That  distant  objects  are  seen  without  the  aid  of  any 
muscular  action  is  shown  Ijy  the  following  considera- 
tions:—(1)  With  the 
normal,  or  emmetropic 
eye,  we  can  see  distant 
objects  clearly  and  dis- 
tinctly, without  expe- 
riencing any  feeling  of 
effort.  On  opening  the 
eyelids  afteralong  period 
of  rest,  the  objects  at  a 
distance  are  at  once  dis- 


^  Fig.  533. 

Anterior  quadrant  of  a  horizontal  section  of  the  eyeball,  cornea,  and  lens. 
a,  substantia  propria  of  the  cornea;  h,  Bowman's  elastic  membrane;  c, 
anterior  corneal  epithelium  ;  d,  Descement's  membrane  ;  e,  its  epithe- 
lium ;  /,  conjunctiva  ;  g,  sclerotic  ;  h,  iris  ;  i,  sphincter  iridis ;  j,  liga- 
mentum  pectinatum  iridis,  with  the  adjoining  vacuolated  tissue  ;  k,  canal 
of  Schlemm  ;  I,  longitudinal,  m,  circular  muscular  fibres  of  the  ciliary 
muscle  ;  n,  ciliary  process  ;  o,  ciliary  part  of  the  retina  ;  q,  canal  of  Petit, 
with  Z,  zonule  of  Zinn  in  front  of  it ;  and  p,  the  posterior  layer  of  the  hyaloid  membrane ; 
r,  anterior,  s,  posterior  part  of  the  capsule  of  the  lens ;  t,  choroid ;  %i,  perichoroidal  space  ; 
T,  pigment  epithelium  of  the  iris  ;  x,  margin  of  the  lens. 

tinctly  visible  in  the  field  of  vision.  (2)  If,  in  consequence  of  paralysis  of  the  mechanism  of 
accommodation  {e.g.,  through  paralysis  of  the  oculomotor  nerve — §  345,  7),  the  eye  is  unable  to 
focus  images  of  objects  placed  at  different  distances,  still  distinct  images  are  obtained  of  distant 
objects.  Thus,  paralysis  of  the  mechanism  of  accommodation  is  always  accompanied  by  inability 
to  focus  a  near  object,  never  a  distant  object.  A  temporary  paralysis  occurs  with  the  same 
results  when  a  solution  of  atropin  or  duboisin  is  di'opped  into  the  eye,  and  also  in  poisoning 
with  these  drugs  (§  392). 

When  the  eye  is  accommodated  for  a  near  object,  [positive  accommodation], 
the  lens  is  thicker,  its  anterior  surface  is  more  curved  (convex),  and  projects 
farther  into  the  anterior  chamber  of  the  eye  {Cramer,  1851,  v.  HeLmholtz,  1853). 
The  mechanism  producing  this  result  is  the  following  : — During  rest,  the  lens  is  kept 
somewhat  flattened  against  the  vitreous  humour  lying  behind  it,  by  the  tension  of  the 
stretched  zonule  of  Zinn,  which  is  attached  round  the  margin  of  the  lens  (fig.  533,  Z), 
When  the  muscle  of  accommodation,  the  ciliary  muscle  {I,  m),  contracts,  it  pulls 
forward  the  margin  of  the  choroid,  so  that  the  zonule  of  Zinn  in  intimate  relation 
with  it  is  relaxed.  [When  we  accommodate  for  a  near  object,  the  ciliary  muscle 
contracts,  pulls  forward  the  choroid,  relaxes  the  zonule  of  Zinn,  and  this  in  turn 
diminishes  the  tension  of  the  anterior  part  of  the  capsule  of  the  lens.]  The  lens 
assumes  a  more  curved  form,  in  virtue  of  its  elasticity,  so  that  it  becomes  more 
convex  as  soon  as  the  tension  of  the  zonule  of  Zinn,  which  keeps  it  flattened,  is 
diminished  (fig.  534).  As  the  posterior  surface  of  the  lens  lies  in  the  saucer-shaped 
unyielding  depression  of  the  vitreous  humour,  the  anterior  surface  of  the  lens  in 
becoming  more  convex  must  necessarily  protrude  more  forwards. 

Nerves. — According  to  Hensen  and  Vcilckers,  the  origin  of  the  nerves  of  accom- 
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n^nrlntion  lies  in  the  most  anterior  root-bundles  of  the  oculomotorius.    S  imulation 
Al?nn.  erli  Dart  of  the  floor  of  the  third  ventricle  causes  accommodation  ;  if  a 
11  vin  Strpos  e^Sr  to  this  be  stimulated,  contraction  of  the  pupil  occurs. 
?)n  s  SnrtI  limit  between  the  third  ventricle  and  the  aqueduct,  there  results 


Fig.  534. 

Scheme  of  accommodation  for  near  and  distant  objects.  The  right  side  of  the  figiu-e  represents 
tTe  condition  of  the  lens  during  accommodation  for  a  near  object,  and  the  left  side  when 
the  eve  is  at  rest.  The  letters  indicate  the  same  parts  on  both  sides  ;  those  on  the  right 
side  Le  marked  with  a  dash  ;  A,  left,  B,  right  half  of  the  lens  ;  C,  cornea  ;  ^,  sclerotic  ; 
C  S  ,  canal  of  ScUemm  ;  F.K.,  anterior  chamber  ;  J,  iris  ;  P,  margin  of  the  pupil ;  V, 
anterior  surface  ;  H,  posterior  surface  of  the  lens  ;  £,  margin  of  the  lens  ;  i?',  margin  of 
?he  cXry  processes  ;  a  and  b,  space  between  the  two  former  ;  the  hne  ^,  X  indicates  the 
thickness  of  the  lens  during  accommodation  for  a  near  object ;  Z,  Y,  the  thickness  of  the 
lens  when  the  eye  is  passive. 

contraction  of  the  internal  rectus  muscle,  while  stimulation  of  the  other  parts  around 
the  iter  causes  contraction  of  the  superior  rectus,  levator  palpebrae,  rectus  inferior, 
and  inferior  oblique  muscles. 

Proofs.— That  the  lens  undergoes  an  alteration  in  its  curvature,  during  accommodation,  is 
proved  by  the  following  facts : —  ,    ,  .,     c  ^^  -fi-ij. 

1  PurMnje-Sanson's  Images.— If  a  lighted  caudle  be  held  at  one  side  of  the  eye,  or  it  light 
be  allowed  to  faU  on  the  eye  through  two  triangular  holes,  placed  above  each  other  and  cut  m 
a  piece  of  cardboard,  in  the  latter  case  the  observer  will  see  three  pairs  of  reflected  images  [m 

the  former,  three  images].   The  brightest  and  most  _   

distinct  image  (or  pair  of  images)  is  erect  and  is 
produced  by  the  anterior  surface  of  the  cornea  (fig. 
535,  a).  The  second  image  (or  pair  of  images)  is 
also  erect.  It  is  the  largest,  but  it  is  not  so  bright 
(6),  and  it  is  reflected  by  the  anterior  surface  of 
the  lens.  (The  size  of  a  reflected  image  from  a 
convex  mirror  is  greater,  the  longer  the  radius  of 
curvature  of  the  reflecting  surface.)  The  latter 
image  lies  8  mm.  hehiml  the  plane  of  the  pupil. 
The  third  image  (or  pair  of  images)  is  of  medium  Pig,  535. 

size  and  medium  brightness— it  is  inverted  and  lies  Sanson -Purkinie's  images,  a,  h,  c,  during 
nearly  in  the  plane  of  the  pupil  (c).  The  posterior  net^ative,  and  a„  b„  positive  accommo- 
capsule  of  the  lens,  which  reflects  the  last  image,  ^jation. 

acts  like  a  concave  mirror.    If  a  luminous  object  be  *  _        i-      i  4. 

placed  at  a  distance  from  a  concave  mirror,  its  inverted,  diminished,  real  image  lies  close  to  the 
focus  towards  the  side  of  the  object.  If  the  images  be  studied  when  the  observed  eye  is  passive, 
i.e.,  in  the  phase  of  negative  accommodation,  on  asking  the  person  experimented  upon  to  accom- 
modate his  eye  for  a  near  object,  at  once  a  change  in  the  relative  position  and  size  of  some  of 
the  images  is  apparent.  The  middle  pair  of  images  reflected  by  the  anterior  surface  of  the  lens 
diminish  in  size  and  approach  each  other  (6),  which  depends  upon  the  fact  that  the  anterior 
surface  of  the  lens  has  become  more  convex.  At  the  same  time,  the  image  (or  pair  of  images) 
comes  nearer  to  the  image  formed  by  the  cornea  («,  and  c,)  as  the  anterior  surface  of  the  lens  lies 
nearer  to  the  cornea.    The  other  images  (or  pairs  of  images)  neither  change  their  size  nor  posi- 
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S;,c.  ^J'^^"^'^"]*^'  t^i'^  '"4  tlie  ophtlialmometer,  has  measured  the  diminution  of  the 
lamus  ot  curvature  of  the  anterior  surface  of  the  lens  during  accommodation  for  a  near  object. 

[Pliakoscope.  —These  images  may  be  readily  shown  hy 
means  of  the  phakoscope  of  v.  Helmholtz  (iig.  536).  It 
consists  of  a  triangular  box  with  its  angles  cut  ol!  and 
blackened  inside.  The  observer's  eye  is  placed  at  a,  while 
on  the  opposite  side  of  the  box  are  two  prisms,  b,  ; 
the  observed  eye  is  placed  at  the  side  of  the  box  opposite 
to  C.  When  a  candle  is  held  in  front  of  the  prisms,  h 
||o  and  i\  three  pairs  of  images  are  seen  in  the  observed 
eye.  Ask  the  person  to  accommodate  for  a  distant  ob- 
ject, and  note  the  position  of  the  images.  On  pushing 
up  the  slide  C  with  a  pin  attached  to  it,  and  asking  him 
to  accommodate  for  the  pin,  Ic,  for  a  near  object,  the 
position  and  size  of  the  middle  images  chiefly  will  be 
seen  to  alter  as  described  above.  ] 

2.  In  consequence  of  the  increased  curvature  of  the 
lens  during  accommodation  for  a  near  object,  the  re- 
fractive indices  within  the  eye  must  undergo  a  change. 
According  to  v.  Helmholtz  the  annexed  measurements 
obtain  in  negative  and  positive  accommodation  respec- 
tively. 

3.  Lateral  View  of  the  Pupil.— If  the  passive  eye  be 
looked  at  from  the  side,  we  observe  only  a  small  black 
strip  of  the  pupil,  which  becomes  broader  as  soon  as  the 
person  experimented  on  accommodates  for  a  near  object, 
as  the  whole  pupil  is  pushed  more  forwards. 

4.  rocal  Line. — If  light  be  admitted  through  the  cor- 
nea into  the  anterior  chamber,  the  "  focal  line  "  fomied 
by  the  concave  surface  of  the  cornea  falls  upon  the  iris. 

If  the  experiment  be  made  upon  a  person  whose  eye  is  accommodated  for  a  distant  object,  so 
that  the  line  lies  near  the  margin  of  the  pupil,  it  gradually  recedes  towards  the  scleral  margin 


Fig.  536. 
Phakoscope  of  Helmholtz. 


Acconmiodation. 


Eadius  of  the  cornea,  

Eadius  of  anterior  surface  of  lens,  ..... 

Eadius  of  posterior  surface  of  lens,  

Position  of  the  vertex  of  the  outer  surface  of  the  lens  be- 
hind the  vertex  of  the  coi-nea,  

Position  of  the  posterior  vertex  of  the  lens. 

Position  of  the  anterior  focal  point,  .... 

Position  of  the  first  principal  point,  .... 

Position  of  the  second  principal  point,  .... 

Position  of  the  posterior  focal  point  behind  the  anterior 
vertex  of  the  cornea,  ....... 


Negative — Mm. 


8 
10 

6 

3-6 

7-2 
12-9 
1-94 
6-96 

22-23 


Positive — Mm. 


7-2 
11-24 
2-03 
6-51 

20-25 


of  the  iris,  as  soon  as  the  person  accommodates  for  a  near  object,  because  the  iris  becomes  more 
oblique  as  its  inner  margin  is  pushed  forward. 

5.  Change  in  Size  of  Pupil.  — On  accommodating  for  a  near  object,  the  pupil  contracts, 
while  in  accommodation  for  a  distant  object,  it  dilates  {Descartes,  1637).  The  contraction  takes 
place  slightly  after  the  accommodation  (Bonders).  This  phenomenon  may  be  regarded  as  an 
associated  movement,  as  both  the  ciliary  muscle  and  the  sphincter  pupilliE  are  supplied  by  the 
oculomotorius  (§  345,  2,  3).  A  reference  to  fig.  533  shows  that  the  latter  also  directly  supports 
the  ciliary  muscle ;  as  the  inner  margin  of  the  iris  passes  inwards  (towards  ?-),  its  tension  tends 
to  be  propagated  to  the  ciliary  margin  of  the  choroid,  which  also  must  pass  inwards.  The 
ciliary  processes  are  made  tense,  chiefly  by  the  ciliary  muscle  (tensor  choroids;).  Accommoda- 
tion can  still  be  performed,  even  though  the  iris  be  absent  or  cleft. 

6.  Internal  Rotation  of  the  Eye. — Ou  rotating  the  eyeball  inwards,  accommodation  for  a 
near  object  is  performed  involuntarily.  As  rotation  of  both  eyeballs  inwards  takes  place  when 
the  axes  of  vision  are  directed  to  a  near  object,  it  is  evident  that  this  must  be  accompanied 
involuntarily  by  an  accommodation  of  the  eye  for  a  near  object. 

7.  Time  for  Accommodation. — A  person  can  accommodate  from  a  near  to  a  distant  object 
(which  depends  upon  relaxation  of  the  ciliary  muscle)  much  more  rapidly  than  conversely,  from 
a  distant  to  a  near  obj'ect  ( Vicrordt,  Aehy).  The  process  of  accommodation  requires  a  longer 
time,  the  nearer  the  object  is  brought  to  the  eye  ( Vicrordt,  Viilckcrs  and  Hcnsen).    The  time 
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necessary  for  the  imago  reflected  from  the  anterior  surface  of  the  leus  to  change  its  place  during 
accommodation,  is  less  thau  that  required  for  subjective  accommodation  {Aubert  and 
Angclucci). 

8.  Line  of  Accommodation. — When  the  eye  is  placed  in  a  certain  position  during  accommo- 
dation, we  may  see  not  one  point  alone  distinctly,  but  n  whole  series  of  points  behind  each 
other.  Czermak  called  the  line  in  which  these  points  lie  the  line  of  accommodation.  The  more 
the  eye  is  accommodated  for  a  distant  object,  the  longer  does  this  line  become.  All  objects 
placed  at  a  greater  distance  from  the  eye  than  60  to  70  metres  appear  equally  distinct  to  the 
eye.  The  Hue  becomes  shorter  the  more  we  accommodate  for  a  near  object — i.e.,  when  we 
accommodate  as  much  as  possible  for  a  near  object,  a  second  point  can  only  be  seen  indistinctly 
at  a  short  distance  behind  the  object  looked  at. 

9.  The  nerves  concerned  in  the  mechanism  of  accommodation  are  referred  to  under  Oculo' 
motorius  (§  345,  and  again  in  §  704). 

Scheiner's  Experiment. — The  experiment  which  bears  the  name  of  Scheiner 
(1619)  serves  to  illustrate  the  refractive  action  of  the  lens  during  accommodation 
for  a  near  object,  as  well  as  for  a  distant  object.  Make  two  small  pin-holes  (S,  d) 
in  a  piece  of  cardboard  (fig.  537,  K,  K^),  the  holes  being  nearer  to  each  other  than 
the  diameter  of  the  pupil.  On  looking 
through  these  holes,  S,  d,  at  two  needles 
(p  and  r)  placed  behind  each  other,  then 
on  accommodating  for  the  near  needle  (p), 
the  far  needle  (r)  becomes  double  and  in- 
verted. On  accommodating  for  the  near 
needle  (p),  of  course  the  rays  proceeding 
from  it  fall  upon  the  retina  at  the  focus 
(j9j) ;  while  the  rays  coming  from  the  far 
needle  (r)  have  already  united  and  crossed 
in  the  vitreous  humour,  whence  they  di- 
verge more  and  more  and  form  two  pictures 
{r„  r^)  on  the  retina.  If  the  right  hole  in 
the  cardboard  (d)  be  closed,  the  left  picture 
on  the  retina  of  the  double  images 
of  the  far  needle  disappears.  An  analo- 
gous result  is  obtained  on  accommodating 
for  the  far  needle  (R).  The  near  needle 
(P)  gives  a  double  image  (P^,  P„),  because 
the  rays  from  it  have  not  yet  come  to  a 
focus.  On  closing  the  right  hole  {d),  the 
right  double  image  (P,)  disappears  {Porter- 
field).  When  the  eye  of  the  observer  is 
accommodated  for  the  near  needle,  on 
closing  one  aperture  the  double  image  of 
the  distant  point  disappears  on  that  side  ; 

but  if  the  eye  is  accommodated  for  the  distant  needle,  on  closing  one  hole  the 
crossed  image  of  the  near  needle  disappears. 

388.  REFEACTIVE  POWER  OF  THE  EYE— ANOMALIES  OF  RE- 
FRACTION".— The  limits  of  distinct  vision  vary  very  greatly  in  different  eyes. 
We  distinguish  the  far  point  [p.r.,  punctum  remotum]  and  the  near  point  [p.p., 
punctum  proximum] ;  the  former  indicates  the  distance  to  which  an  object  may 
be  removed  from  the  eye,  and  may  still  be  seen  distinctly  ;  the  latter,  the  distance 
to  which  any  object  may  be  brought  to  the  eye,  and  may  still  be  seen  distinctly. 
The  distance  between  these  two  points  is  called  the  range  of  accommodation. 
The  types  of  eyeball  are  characterised  as  follows — 

1.  The  normal  or  emmetropic  eye  is  so  arranged  when  at  rest  that  parallel  rays 
(fig.  538,  r,  r)  coming  from  the  most  distant  objects  can  be  focussed  on  the  retina 

3  B 


Fig.  537. 
Scheiner's  experiment. 
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Fig.  538. 

Condition  of  refraction  in  the  normal  passive  eye. and 
during  accommodation. 


{)\).  The  far  point,  therefore,  is  =  co  (infinity).  When  accommodating  as  much 
as  possible  for  a  near  object,  whereby  the  convexity  of  the  lens  is  increased  (fig. 
538,  o),  rays  from  a  luminous  point  placed  at  a  distance  of  5  inches  are  still  focussed 

on  the  retina,  i.e.,  the  near  jjoint 
is  =  5  inches  (1  inch  =27  mm.). 
The  range  of  accommodation,  or 
["  the  range  of  didinct  vision  "], 
therefore,  is  from  5  inches  (10-12 
cm.)  to  CO  . 

2.  The  short-sighted,  myopic 
eye  (or  long  eye)  cannot,  when  at 
rest,  bring  parallel  rays  from  in- 
finity to  a  focus  on  the  retina  (fig. 
539).  These  rays  decussate  within 
the  vitreous  humour  (at  O),  and 
after  crossing  form  diffusion  circles 
upon  the  retina.  The  object  must 
be  removed  from  the  2)assive  eye 
to  a  distance  of  60  to  120  inches 
(to  /),  in  order  that  the  rays  may 
be  focussed  on  the  retina.  The 
passive  myopic  eye,  therefore,  can  only  focus  divergent  rays  upon  the  retina.  The 
far  point,  therefore,  lies  abnormally  near.    With  an  intense  effort  at  accommodation, 

objects  at  a  distance  of  4  to 
2  inches,  or  even  less,  from 
the  eye  may  be  seen  dis- 
tinctly. The  near  j'Mint, 
therefore,  lies  abnormally 
near ;  the  range  of  accom- 
modation is  diminished. 

Short-sightedness,  or  myopia, 
usually  depends  upon  congenital, 
and  frequently  hereditaiy,  elon- 
gation of  the  eyeball.  This 
anomaly  of  the  refractive  media 
is  easily  corrected  by  using  a 
diverging  lens  (concave),  which  makes  parallel  rays  divergent,  so  that  they  can  then  be  brought 
to  a  focus  on  the  retina.  It  is  remarkable  that  most  children  are  myopic  when  they  are  born. 
This  myopia,  however,  depends  upon  a  too-curved  condition  of  the  cornea  and  lens,  and  on  the 
lens  being  too  near  to  the  cornea.     As  the  eye  grows,  this  short-sightedness  disappears. 

The  cause  of  myopia  in  chUdren  is  ascribed 
to  the  continued  activity  of  the  ciliary  muscle 
in  reading,  writing,  &c.,  or  the  continued 
convergence  of  the  eyeballs,  whereby  the 
external  pressure  upon  the  eyeball  is  in- 
creased. 

3.  The  long-sighted,  hyperme- 
tropic eye,  hyperoptic  (flat  eye)  when 
at  rest,  can  only  cause  convergent  rays 
to  come  to  a  focus  on  the  retina  (fig. 
540).  Distinct  images  can  only  be 
formed  when  the  rays  proceeding  from 
540-  objects   are  rendered   convergent  by 

Hypermetropic  eye.  m&&ns  of  a  convex  lens,  as  parallel  rays 

would  come  to  a  focus  behind  the  retina  (at/).  All  rays  proceeding  from  natural 
objects  are  either  divergent,  or  at  most  nearly  parallel,  never  convergent.  Hence, 


Fig.  539. 
Myopic  eye. 
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a  lono--siglited  person,  when  the  eye  is  jussive,  i.e.,  is  negatively  accommodated, 
cannot  see  distinctly  without  a  convex  lens.  When  the  ciliary  muscle  contracts, 
slightly  convergent,  parallel,  and  even  slightly  divergent  rays  may  be  focussed, 
according  to  the  increasing  degree  of  the  accommodation.  The  far  point  of  the 
eye  is  negative,  the  7iear  point  abnormally  distant  (over  8  to  80  inches),  while  the 
range  of  accommodation  is  infinitely  great. 

The  cause  of  liypermetropia  is  abnormal  shortness  of  the  eye,  which  is  generally  due  to 
imperfect  development  in  all  directions.    It  is  corrected  hy  using  a  convex  lens. 

[Defective  Accommodation.— In  the  presbyopic  eye,  or  long-sighted  eye  of  old 
people,  the  near  point  is  farther  away  than  normal,  but  the  far  point  is  still 
unaffected.  In  such  cases,  the  person  cannot  see  a  near  object  distinctly,  unless  it 
be  held  at  a  considerable  distance  from  the  eye.  It  is  due  to  a  defect  in  the 
mechanism  of  accommodation,  the  lens  becoming  somewhat  flatter,  less  elastic,  and 
denser  with  old  age,  while  the  ciliary  muscle  becomes  weaker.  In  hypermetropia, 
on  the  contrary,  the  mechanism  of  accommodation  may  be  perfect,  yet  from  the 
shape  of  the  eye  the  person  cannot  focus  on  his  retina  the  rays  of  light  from  a  near 
object.  In  presbyopia  the  range  of  distinct  vision  is  diminished.  The  defect  is 
remedied  by  weak  convex  glasses.  The  defect  usually  begins  about  forty-five 
years  of  age.] 

Estimation  of  the  Far  Point— Snellen's  Types.— In  order  to  determine  the  far  point  of  an 
eye,  gradually  bring  nearer  to  the  eye  objects  which  form  a  visual  angle  of  5  minutes  {e.g., 
Snellen's  small  type  letters,  or  the  medium  type,  4  to  8,  of  Jaeger),  until  they  can  be  seen  dis- 
tinctly. The  distance  from  the  eye  indicates  the  far  point.  In  order  to  determine  the  far  point 
of  a  myopic  person,  place  at  20  inches  distant  from  the  eye  the  same  objects  which  give  a  visual 
angle  of  5  minutes,  and  ascertain  the  concave  lens  which  will  enable  the  person  to  see  the  objects 
distinctly.  To  estimate  the  near  ■point,  bring  small  objects  {e.g.,  the  linest  print)  nearer  and 
nearer  to  the  eye,  until  it  finally  becomes  indistinct.  The  distance  at  which  one  can  still  see 
distinctly  indicates  the  far  jjoint. 

Optometer. — The  optometer  may  also  be  used  to  determine  the  near  and  far  points.  A  small 
object,  e.g.,  a  needle,  is  so  arranged  as  to  be  movable  along  a  scale,  along  which  the  eye  to  be 
investigated  can  look  as  a  person  looks  along  the  sight  of  a  rifle.  The  needle  is  moved  as  near 
as  possible,  and  then  removed  as  far  as  possible,  in  each  case  as  long  as  it  is  seen  distinctly. 
The  distance  of  the  near  and  far  point  and  the  range  of  accommodation  can  be  read  otf  directly 
upon  the  scale  {Grcife). 

389.  FOECE  OF  ACCOMMODATION.— Force.— The  range  of  accommodation,  which  is 
easQy  determined  experimentallj',  does  not  by  itself  determine  the  proper  poivcr  or  force  of 
accommodation.  The  measure  of  the  latter  depends  upon  the  mechanical  loork  done  by  the 
muscle  of  accommodation,  or  the  ciliary  muscle.  Of  course  this  cannot  be  directly  determined 
in  the  eye  itself.  Hence,  this  force  is  measured  by  the  optical  effect,  which  results  in  consequence 
of  the  change  in  the  shape  of  the  lens,  brought  about  by  the  energy  of  the  contracting  muscle. 

In  the  normal  eye,  during  the  passive  condition,  the.  rays  coming  from  intinitj',  and  there- 
fore parallel  (which  are  dotted  in  fig.  541),  are  focussed  upon  the  retina  at /.  If  rays  coming 
from  a  distance  of  5  inches  (p.  756) 

are  to  be  focussed,  the  whole  avail-  y  /\ 

able  energy  of  the  ciliary  muscle  must    --.^  ^  //  \^__^^^ 

be  brought  into  play  to  allow  the  lens  ^^^^^--^""^  I  '^W^m 

to  become  more  convex,  so  that  the  _  I  R  I    \  \ 

rays  may  be  brought  to  a  focus  at      ^"^^"-^-^^  I    II  '^iSil  ^^^^^ 

^.    The  energy  of  accommodation,  \  \\      y  ^^^^^^""^ 

therefore,  produces  an  ojMcal  effect  in     ^ — 

as  far  as  it  increases  the  convexity 

of  the  anterior  surface  of  the  passive  y 
lens  (A),  by  the  amount  indicated  by  -p.  - 

B.    Practically,  we  may  regard  the 

matter  as  it  a  new  convex  lens  (B)  were  added  to  the  existing  convex  lens  (A).  What,  therefore, 
must  be  the  focal  distance  of  the  lens  (B),  in  order  that  rays  coming  from  the  near  point  (5  inches) 
may  be  focussed  upon  the  retina  at/?  Evidently  the  lens  B  niust  make  the  diverging  rays  coming 
from 2?,  parallel,  and  then  A  can  focus  them  at/.  Convex  lenses  cause  those  rays  proceeding  from 
their/ocaZ  points  to  pass  out  at  the  other  side  as  parallel  rays  (§  385,  I. ).  Hence,  in  our  case, 
the  lens  must  have  a  focal  distance  of  5  inches.  The  normal  eye,  therefore,  with  the  far  point 
and  the  near  point  =  5  inches,  has  a  power  of  accommodation  equal  to  a  lens  of  5  inches 


756 


.SPECTACLES. 


tociil  distimco.  Whoii  tho  loiis  by  tlio  energy  of  accoiumodation  is  rendered  more  powerfully  re- 
fractive, the  increase  (H)  can  readily  be  eliminated  by  placing  before  the  eye  a  concave  lens 
which  possesses  exactly  the  oi)posite  optical  ell'ect  of  the  increase  of  accommodation  (B).  Hence, 
it  is  possible  to  indicate  the  power  (force)  of  accommodation  of  the  eye  by  a  lens  of  a  definite 
focal  distance,  i.e.,  by  the  optical  effect  ])rodueed  by  the  latter.  Therefore,  according  to 
Donders,  the  measure  of  the  force  of  accommodation  of  the  eye  is  the  reciprocal  value  of  the 
focal  distance  of  a  concave  lens,  which,  when  placed  before  the  accommodated  eye,  so  refracts 
the  rays  of  light  coming  from  the  near  point      as  if  they  came  from  the  far  point. 

Example.— We  may  calculate  the  force  of  the  accommodation  according  to  the  following  for- 
mula :— -  =  -  -  -,  i.e. ,  the  force  of  accommodation,  expressed  as  the  dioptric  value  of  a  lens  (of 

X  inch  focal  distance),  is  equal  to  the  difference  of  the  reciprocal  values  of  the  distances  of  the 
near  point  (p)  and  of  the  far  point  (r)  of  the  eye.    In  the  emmetropic  ay&,  as  already  mentioned, 

p  =  5,  r=oo.    Its  force  of  accommodation  is  therefore  -=--i  so  thata;  =  5,  i.e.  it  is  eaual 

X    p    &  '      '  ^ 

to  a  lens  of  5  inches  focal  distance.    lu  a  myopic  eye,  2J  =  4,  r-=12,  so  that  -  =  --!-,  i.e.,  x  = 

6.  In  another  myopic  ej'e,  with  77  =  4  and  '/•  =  20,  then  ft;-5,  which  is  a  normal  force  of  accom- 
modation. Hence,  it  is  evident  that  two  different  eyes,  possessing  a  very  different  range  of 
accommodation,  may  nevertheless  have  the  same  force  of  accommodation.    Example. — The  one 

eye  has23  =  4,  r=oo,  the  other,  p=1,  ?-=4.    In  both  cases,  -  =r.  so  that  the  force  of  accom- 

X  4 

modation  of  both  eyes  is  equal  to  the  dioptric  vahie  of  a  lens  of  4  inches  focal  distance.  Con- 
versely, two  eyes  may  have  the  same  range  of  accommodation,  and  yet  their  force  of  accommo- 
dation be  very  unequal.  Example.— The  one  eye  has  7J  =  3,  r=  6  ;  the  other  p  =  6,  r  =  9.  Both, 
therefore,  have  a  range  of  accommodation  of  3  inches.  For  these,  the  force  of  accommodation, 
1  1  1  „  ,  1  1  1 
-  =  ---  a;  =  6;and^-=---,^=18. 

Kelation  of  range  to  force  of  accommodation.— The  general  law  is,  that,  the  ra'ivges  of 
accommodation  of  two  eyes  being  equally  great,  then  their  forces  of  accommodation  are  equal, 
provided  that  their  near  points  are  the  same.  If  the  ranges  of  accommodation  for  both  eyes 
are  equally  great,  but  their  uear  points  unequal,  then  the/orces  of  accommodation  are  also  un- 
equal—the latter  being  greater  in  the  eyes  with  the  smallest  near  point.  This  is  due  to  the 
fact  that  every  difference  of  distance  near  a  lens  has  a  much  greater  effect  upon  the  image  as 
compared  with  differences  in  the  distance  far  from  a  lens.  The  emmetropic  eye  can  see  dis- 
tinctly objects  at  60  to  70  metres,  and  even  to  infinity,  without  accommodation. 
_  While  p  and  r  may  be  directly  estimated  in  the  emmetropic  and  myopic  eyes,  this  is  impos- 
sible with  the  hypermetropic  (long-sighted)  eye.  The  far  point  in  the  latter  is  negative  ;  indeed, 
in  very  pronounced  hypermetropia  even  the  near  point  may  be  negative.  The  far  point  may 
be  estimated  by  making  the  hypermetropic  eye  practically  a  normal  eye  by  using  suitable 
convex  lenses.    The  relative  near  point  may  then  be  determined  by  means  of  the  lens. 

Even  from  the  15th  year  onwards,  the  power  of  accommodation  is  generally  diminished  for 
near  objects — ^perhaps  this  is  due  to  a  diminution  of  the  elasticity  of  the  lens  (Bonders). 

390.  SPECTACLES. — The  focal  distance  of  concave  (diverging),  as  well  as  convex  (converg- 
ing) spectacles,  depends  upon  the  refractive  index  of  the  glass  (usually  3  :  2),  and  on  the  length 
of  the  radius  of  cui-vature.  If  the  curvature  of  both  sides  of  the  lens  is  the  same  (biconcave  or 
biconvex),  then,  with  the  ordinai'y  refractive  index  of  glass,  the  focal  distance  is  the  same  as  the 
radius  of  curvature.  If  one  surface  of  the  lens  is  plane,  then  the  focal  distance  is  twice  as 
great  as  the  radius  of  the  spherical  surface.  Spectacles  are  arranged  according  to  their  focal 
distance  in  inches,  but  a  lens  of  shorter  focal  distance  than  1  inch  is  generally  not  used.  They 
may  also  be  an-anged  according  to  their  refractive  poicer.  In  this  case,  the  refractive  power  of 
a  lens  of  1  inch  focus  is  taken  as  the  unit.  A  lens  of  2  inches  focus  refracts  light  onlj' 
half  as  much  as  the  unit  measure  of  1  inch  focus  ;  a  lens  of  3  inches  focus  refracts  J  as . 
strongly,  &c.  This  is  the  case  both  with  convex  and  concave  lenses,  the  latter,  of  course, 
having  a  negative  focal  distance  ;  thus,  ' '  concave — -J, "  indicates  that  a  concave  lens  diverges 
the  rays  of  light  one-eighth  as  strongly  as  the  concave  lens  of  1  inch  (negative)  focal  distance. 

Choice  of  Spectacles. — Having  determined  the  near  point  in  a  myopic  eye,  of  course  we 
require  to  render  parallel  the  divergent  rays  coming  from  the  far  point,  just  as  if  they  came 
from  infinity.  This  is  done  by  selecting  a  concave  lens  of  the  focal  distance  of  the  far  point. 
The  greatest  distance  is  the  far  point  of  the  emmetropic  eye.  Suppose  a  myopic  eye  with  a  far 
point  of  6  inches,  then  such  a  person  requires  a  concave  lens  of  6  inches  focus  to  enable  him  to 
see  distinctly  at  the  greatest  distance.  Thus,  in  a  myopic  eye,  the  distance  of  the  far  point 
from  the  eye  is  directly  equal  to  the  focus  of  the  (weakest)  concave  lens,  which  enables  one  to 
see  distinctly  objects  at  the  greatest  distance.  These  lenses  generally  have  the  same  number 
as  the  spectacles  required  to  correct  the  defect.    Example. — A  myopic  eye  with  a  far  point  of 
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8  inches  leiinires  a  concave  Ions  oF  8  inches  focus,  i.e.,  the  concave  spectacles  No.  8.  For  the 
hypeimetropic  (long-sighted)  eye,  the  focal  distance  of  the  strongest  convex  lens,  which  enables 
the  hypermetropic  eye  to  see  the  most  distant  objects  distinctly,  is  at  the  same  time  the  distance 
of  the  far  point  from  tlie  eye.  Example. — A  hypermetropic  eye  which  can  see  the  most  distant 
objects  with  the  aid  of  a  convex  lens  of  12  inches  focus  has  a  far  point  of  12  ;  the  proper 
spectacles  are  conve.^  No.  12. 

[Diopter  or  Dioptric. — The  focal  length  of  a  lens  used  to  be  expressed  in  i)iches  ;  and  as  tlie 
unit  was  taken  as  1  inch,  necessarily  all  weaker  lenses  were  expressed  in  fractions  of  an  inch. 
In  the  method  advocated  by  Bonders,  the  standard  is  a  lens  of  a  focal  distance  of  1  metre 
(39 '370  English  inches,  about  40  inches),  and  this  unit  is  called  a  dioptric.  Thus,  the  standard 
is  a  weak  lens,  so  that  the  stronger  lenses  are  multiples  of  this.  Hence,  a  lens  of  2  dioptrics  = 
one  of  about  20  inches  focus  ;  10  dioptrics  =  4  inches  focus  ;  and  so  on.  The  lenses  arc  num- 
bered from  No.  1,  i.e.,  1  dioptric  onwards.  It  is  convenient  to  use  signs  instead  of  the  words 
convex  and  concave.  For  convex  the  sign  pins  +  is  used,  and  for  concave  the  sign  minus  - . 
Thus  a  -f-  4'0  means  a  convex  lens  of  4  dioptrics,  and  a  -  4*0  =  a  concave  lens  of  4  dioptrics.] 

In  all  cases  of  myojiia  or  hypermctropia,  the  person  ought  to  wear  the  proper  spectacles.  In 
a  myopic  eye,  when  the  far  point  is  still  more  than  5  inches,  the  patient  ought  always  to  wear 
.spectacles  ;  but  generally  the  working  distance,  e.g.,  for  reading,  writing,  and  for  handicrafts,  is 
about  12  inches  from  the  eye.  If  the  person  desires  to  do  finer  work  (etching,  drawing),  rer^uir- 
ing  the  object  to  lie  brought  nearer  to  the  eye,  so  as  to  obtain  a  larger  image  upon  the  retina, 
then  he  should  either  remove  the  sjiectacles  altogether  or  use  a  weaker  jiair. 

The  hypermetropic  person  ought  to  wear  his  convex  spectacles  when  looking  at  a  near  object, 
and  especially  when  the  illumination  is  feeble,  because  then,  o\ving  to  the  dilatation  of  the 
pupil,  the  diffusion  circles  of  the  eye  tend  to  become  very  pronounced.  It  is  advisable  to  wear 
at  first  convex  spectacles,  which  are  slightly  too  strong.  Cylindrical  lenses  are  referred 
to  under  Astigmatism.  Spectacles  provided  with  dull-coloured  or  blue  glasses  are  used  to 
protect  the  retina  when  the  light  is  too  intense.  Stenopaic  spectacles  are  narrow  diaphragms 
placed  in  the  front  of  the  eye,  which  cause  it  to  move  in  a  definite  direction  in  order  to  see 
through  the  opening  of  the  diaphragm. 

391.  CHROMATIC  AND  SPHERICAL  ABERRATION,  ASTIGMATISM. 

— Chromatic  Aberration. — All  tlie  rays  of  vMte  light,  which  undergo  refraction, 
are  at  the  same  time  broken  up  by  dispersion  into  a  bundle  of  rays  which,  when 
they  are  received  on  a  screen,  form  a  spectrum.  This  is  due  to  the  fact  that  the 
different  colours  of  the  spectrum  possess  different  degrees  of  refrangibility.  The 
violet  rays  are  refracted  most  strongly ;  the  red  rays  least. 

A  white  point  on  a  black  ground  does  not  form  a  sharp  simple  image  on  the  retina,  but  many 
coloured  points  appear  after  each  other.  If  the  eye  is  accommodated  so  sti'ongly  as  to  focus 
the  violet  rays  to  a  sharp  image,  then  all  the  other  colours  must  form  concentric  diffusion 
circles,  which  become  larger  towards  the  red.  In  the  centre  of  all  the  circles,  where  all 
the  colours  of  the  spectrum  are  superposed,  a  white  point  is  produced  by  their  mixture, 
while  around  it  are  placed  the  coloured  circles.  The  distance  of  the  focus  of  the  red  rays 
from  that  of  the  violet  in  the  eye  =  0-58  to  0-62  mm.  The  focal  distance  for  red  is,  accord- 
ing to  V.  Helmholtz,  for  the  reduced  eye,  20-524  mm.  ;  for  violet,  20140  mm.  Thus,  the 
near  and  far  points  for  violet  light  are  nearer  each  other  than  in  the  ease  of  red  light  ;  white 
objects,  therefore,  appear  reddish  when  beyond  the  far  point,  but  when  nearer  than  the  near 
point  the}'  are  violet.  Hence,  the  eye  must  accommodate  more  strongly  for  red  rays  than  for 
violet,  so  that  we  judge  red  objects  to  be  nearer  us  than  violet  objects  placed  at  an  equal 
distance  {Briicke). 

Monochromatic,  or  Spherical  Aberration. — Apart  from  the  decomposition  or  dispersion  of 
white  light  into  its  components— the  rays  of  white  light,  proceeding  from  a  point  if  transmitted 
through  refractive  spherical  surfaces— we  find  that,  before  the  rays  are  again  brought  to  a  focus, 
the  marginal  rays  are  more  strongly  refracted  than  those  passing  through  the  central  parts  of 
the  lens.  Hence,  there  is  not  one  focus  but  many.  In  the  eye  this  defect  is  naturally  corrected 
by  the  iris,  which,  acting  as  a  diaphragm,  cuts  off  the  marginal  rays  (fig.  531),  especially  when 
the  lens  is  most  convex,  when  the  pupil  also  is  most  contracted.  In  addition,  the  margin  of 
the  lens  has  less  refractive  power  than  the  central  substance  ;  lastly,  the  margins  of  the  refractive 
spherical  surfaces  of  the  eye  are  less  curved  towards  their  margins  than  the  parts  lying  nearer 
to  the  optical  axis.    Compare  the  form  of  the  cornea  (p.  733)  and  the  lens  (p.  740). 

Imperfect  Centring  of  the  Refractive  Surfaces.— The  sharp  projection  of  an  image  is  some- 
what mterfered  with  by  the  fact  that  the  refractive  surfaces  are  not  exactly  centred  {Briicke). 
T^us,  the  vertex  of  the  cornea  is  not  exactly  in  the  termination  of  the  optic  axis  ;  the  vertices 
of  both  surfaces  of  the  lens,  and  even  the  different  layers  of  the  lens  itself,  are  not  exactly  in 
the  optic  axis.  The  variations,  however,  and  the  disturbances  produced  thereby  arc  very  small 
indeed.  j  j 
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Regular  Astigmatism. — When  the  curvature  of  the  refractive  surfaces  of  tlie  eye  is  unei^ually 
great  in  its  diU'oreiit  meridians,  of  course  the  rays  of  light  cannot  be  united  or  foeussed  in  oik- 
point.  Generally,  in  such  oases,  the  cornea  is  more  curved  in  its  vertical  meridian  and  least  in 
the  horizontal  (as  is  shown  by  oplithahuometric  measurements,  p.  748).  The  rays  passing 
through  the  vortical  meridian  come  to  a  focus,  first,  in  a  horizontal  focal  line  ;  while  the  rays 
entering  horizontally  unite  afterwards  in  a  vertical  line.  There  is  thus  no  common  focus  for 
the  light  rays  in  the  eye  ;  hence  the  name  "astigmatism."  The  lens  also  is  unequally  curved 
in  its  meridians,  but  it  is  the  reverse  of  the  cornea  ;  consequently,  a  part  of  the  inequality  of 
the  curvature  of  the  cornea  is  thereby  compensated,  and  only  a  part  of  it  affects  the  rays  of 
light.  The  emmetropic  eye  has  a  very  slight  degree  of  this  ine(iuality  (normal  a.stigniatism). 
If  two  very  fine  lines  of  equal  thickness  be  drawn  on  white  paper,  so  as  to  intersect  each  other 
at  right  angles,  it  will  be  found  that,  in  order  to  see  the  horizontal  line  quite  sharply,  the  paper 
must  be  brought  slightly  nearer  to  the  eye,  than  when  we  focus  the  vertical  line.  When  the 
inequality  of  curvature  of  the  meridians  is  considerable,  of  course  exact  vision  is  no  longer 
possible. 

[Fig.  542  shows  the  efTect  of  an  astigmatic  surface  on  the  rays  of  light.  Let  ah  cdha  such 
a  surface,  and  suppose  diverging  rays  to  proceed  fromy.    The  rays  passing  through  c  d  come  to 


Fig.  542. 

Action  of  an  astigmatic  surface  on  a  cone  of  light  (Frost). 

a  focus  at/i,  while  those  passing  through  the  vertical  meridian  are  foeussed  at/^.  The  outline 
of  the  cone  of  rays  between  ah  c  d  and  varies,  as  shown  in  the  figure.  At  a  certain  part  it 
is  oval,  with  its  axis  vertical,  at  another  the  long  axis  of  the  oval  is  horizontal,  while  at  other 
places  it  is  circular,  or  the  rays  are  foeussed  in  a  horizontal  or  vertical  line.] 

Correction.— This  condition  is  corrected  by  a  cylindrical  lens,  i.e.,  a  lens  so  cut  as  to  be 
Avithout  curvature  in  one  direction,  wMle  in  the  other  direction  (vertical  to  the  former)  it  is 
curved.  The  lens  is  placed  in  front  of  the  eye,  so  that  the  direction  of  its  curvature  coincides 
with  the  direction  of  least  curvature  of  the  eye  {v.  HelmhoUz,  KimTpp,  Dmidcrs). 
The  section  C  a  b  c  d  the  cylindrical  lens  (fig.  543)  represents  a  plano-con- 
vex, the  section  C  a  /3  7  5,  a  concavo-convex  lens. 

[Test.— Draw  two  lines  of  equal  thickness  at  right  angles  to  each  other.  An 
astigmatic  person  cannot  see  both  lines  with  equal  distinctness  at  the  same 
time,  one  line  will  appear  thicker  than  the  other.  Or,  a  series  of  lines  radiating 
from  a  centre  may  be  used  (astigmatic  clock)  when  that  line  which  is  parallel 
to  the  astigmatic  meridian  will  be  seen  most  distinctly  ;  while,  with  the  ver- 
tical meridian  most  curved,  it  would  be  the  vertical  line.] 

Irregular  Astigmatism. — Owing  to  the  radiate  arrangement  of  the  fibres  in 
the  interior  of  the  crystalline  lens,  and  in  consequence  of  the  unequal  course 
of  the  fibres  within  the  different  parts  of  one  and  iJie  same  vieridian  of  the  lens, 
the  rays  of  light  passing  through  one  meridian  of  the  lens,  cannot  all  be 
brought  to  one  focus.  Hence,  we  do  not  obtain  a  distinct  sharp  image  of 
distant  luminous  points,  such  as  stars  or  street  lamps,  but  we  see  a  radiate 
jagged  figure  provided  with  rays.  The  same  obtains  on  holding  a  piece  of  card- 
board with  a  small  hole  in  it  towards  the  light,  at  a  distance  from  the  eye 
slightly  greater  than  the  far  point.  Slight  degi-ees  of  this  in-egular  astigma- 
tism are  normal,  but  when  it  is  highly  developed  it  greatly  interferes  with 
vision,  by  forming  several  foci  of  an  object  instead  of  one  (Polyopia  monocu- 
laris).    Of  course  this  condition  cannot  obtain  in  an  eye  devoid  of  a  lens. 

The  iris  acts  like  a  diaphragm  in  an  optical 
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392.  IB-IS.— Functions.— 1 


apparatus  by  cutting  off  the  marginal  rays,  which,  if  they  entered  the  eye, 
cause  spherical  aherralioyi,  and  thus  produce  indistinct  vision  (fig.  531). 

2.  As  the  pupil  contracts  strongly  in  a  bright  light,  and  dilates  when  the  light 
is  feeble,  it  regulates  the  amount  of  light  entering  the  eye  ;  thus,  fewer  rays  enter 
the  eye  when  the  light  is  strong  than  when  it  is  feeble. 
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3  To  a  certain  extent  it  supports  the  action  of  the  ciliary  muscle. 

Muscles  and  Nerves.— The  iris  is  usually  described  as  being  provided  with  two 
sets  ofviuscular  nbres—t\xQ  sphincter,  which  immediately  surrounds  the  pupil  and 
is  supplied  by  the  oculomotorius  (§  345,  2),  and  the  dilator  pupiUae  (p.  16b), 
supplied  chiefly  by  the  cervical  sympathetic  (§  356,  A,  1),  and  the  trigminus 
(S  347,  3).  Both  muscles  stand  in  an  antagonistic  relation  to  each  other  34o), 
the  pupil  dilates  moderately  after  section  or  paralysis  of  the  oculomotoiius,  owing 
to  the  contraction  of  the  dilator  fibres  which  are  supplied  by  the  cervical  sym- 
pathetic;  conversely,  the  pupil  contracts  when  the  sympathetic  is  divided  or 
extirpated  {Petit,  1727).  When  both  nerves  are  stimulated  simultaneously,  the 
pupil  contracts,  so  that  the  excitability  of  the  oculomotorius  overcomes  the  sym- 
pathetic. 

[The  existence  of  a  dilator  pupillse  muBcle  is  not  universally  recognised,  and  in  fact  some 
observers  doubt  its  existence.  The  muscular  nature  of  the  radial  fibres  in  the  posterior  limiting 
membrane  of  the  iris  is  denied  bv  Griinhagen,  while  Koganei  regards  these  as  in  no  case 
muscular,  and  the  dilating  fibres  as  represented  by  fibres  radiating  from  the  ins.  These  fibres 
are  well -developed  in  birds  and  the  otter,  exist  in  traces  in  the  rabbit,  and  are  absent  in  man. 
Gaskell  points  out  that  in  this  case  the  size  of  the  pujiil  must  in  part  depend  on  the  elasticity 
of  the  radial  fibres  of  the  iris,  while  the  dilator  nerve-fibres  must  act  on  the  sphincter  fibres, 
causino'  them  to  relax.  Gaskell  groups  the  sphincter  of  the  iris  with  those  muscles  "  supphed 
by  two  nerves  of  ojiposite  character,  the  one  motor,  the  other  inhibitory."  The  dilatation  of 
the  pupil  caused  by  stimulation  of  the  cervical  sympathetic  is  usually  explained  by  the 
hypothesis  that  this  nerve  contains  motor  fibres,  which  act  on  the  dilator  fibres.  Grunhageu 
thought  that  it  might  be  due  chiefly  to  the  constriction  of  the  blood-vessels  of  the  ins  : 
Gaskell  suggests  that  the  nerve  acts  on  the  sphincter  muscle,  and  is  the  inhibitory  nerve  of 
that  muscle,  dilatation  taking  place  because  the  sphincter  is  normally  in  a  condition  of  tonic 
contraction,  and  also  because  the  posterior  limiting  membrane  is  elastic] 

Nerves.— Arnstein  and  A.  Meyer  have  studied  the  mode  of  termination  of  the  nerve-fibres  in 
the  iris.  All  the  medullated  nerve-fibres  lose  their  white  sheaths  after  a  time  ;  most  of  the 
fibres  [motor)  in  the  region  of  the  sphincter  consist  of  naked  bundles  of  fibrils.  A  network  of 
very  delicate  sensory  nerves  lies  under  the  anterior  epithelium.  Numerous  fibrils  pass  to  the 
capillaries  and  arteries  as  xaso-motor  nerves.  [Many  ganglionic  cells  are  intercalated  in  the 
course  of  the  fibres.  ] 

Movements  of  the  iris  occur  under  the  following  conditions  : — 

1.  Action  of  light  on  the  retina  causes,  (according  to  its  intensity  and  amount),  a  correspond- 
ing contraction  of  the  pupil ;  the  same  effect  is  produced  by  stwimlation  of  the  optic  nerve 
itself  (Herbert  Mayo,  f  1852).  This  movement  is  a  reflex  act,  [the  afferent  nerve  being  the 
optic  and  the  efferent  the  oculomotorius  ;  the  impulse  is  transferred  from  the  former  to  the 
latter  in  a  centre  situated  somewhere  below  the  corpora  quadrigemina  (fig.  544,  C)]._  The 
older  observers  locate  the  centre  in  the  corpora  quadrigemina,  the  recent  observers  in  the 
medulla  oblongata  (p.  660).  Both  pupils  always  react,  although  only  one  retina  be  stimulated  ; 
generally  under  normal  circumstances  both  contract  to  the  same  extent  {Danders),  owing  to 
the  intercentral  communication  [coupling]  of  the  t\vo  pupillo-constricting  centres.  [This  is 
called  consensual  contraction  of  the  jaupil.]  After  section  of  the  optic  nerve  the  pupil  dilates, 
and  subsequent  section  of  the  oculomotorius  no  longer  produces  any  further  dilatation 
{Knoll). 

2.  The  centre  for  the  dilator  fibres  of  the  pupil  (pupillo-dilating  centre)  is  excited  by 
dyspnosic  blood  (§  367,  8).  If  the  dyspnoea  ultimately 'passes  into  asphyxia,  the  dilatation  of 
the  pupil  diminishes.  Of  course,  if  the  peripheral  dilating  fibres  (§  247,  3)  [e.g.,  the 
sympathetic  nerve  in  the  neck]  be  previously  divided,  this  efi'ect  cannot  take  place,  as  the 
dyspnoeic  blood  acts  on  the  centre  and  not  on  the  nerve-fibres. 

3.  The  centre,  as  well  as  the  subordinate  "  cilio-spinal  region  "  of  the  spinal  cord  (§  362,  1), 
is  also  capable  of  being  excited  reflexly  ;  painful  stimulation  of  sensory  nerves,  in  addition  to 
causing  protrusion  of  the  eyeballs  (§  347),  a  fact  proved  in  the  case  of  jjersons  subjected  to 
torture,  produces  dilatation  of  the  pupils  {Arndt,  Bernard,  TVestplial,  Luchsingcr) ;  while  a 
similar  effect  is  caused  by  labour  pains,  a  loud  call  in  the  ear,  stimulation  of  the  nerves  of  the 
sexual  organs,  and  even  by  slight  tactile  impressions  {Foa.  and  Schif).  According  to  Bechterew, 
the  foregoing  results  are  due  to  inhibition  of  the  light-reflex  in  the  sense  expressed  in  §  361,  3. 

4.  The  condition  of  the  blood-vessels  of  the  iris  influences  the  size  of  the  pupil ;  all  condi- 
tions causing  injection  or  congestion  of  these  vessels  contract  the  pupil,  all  conditions  diminish- 
ing them  dilate  it.  The  pupil,  therefore,  is  contracted  hj  forced  expiration,  which  prevents  the 
return  of  venous  blood  from  the  head,  momentarily  by  every  pulse-beat,  owing  to  the  diastolic 
filling  of  the  arteries  ;  diminution  of  the  intraocxdar  pressure,  e.g.,  after  puncture  of  the  anterior 
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chamber,  because,  owing  to  the  diminished  intraocular  pressure  tliero 
passage  of  blood  into  the  blood-vessels  of  the  iris  {Umuscu  mid  Vulckcrs) :  parllvsiroT'th 
motor  fibres  of  the  ins  (§  347,  2).  Conversely,  the  pupil  is  dilated  by  conflitions  the  rev.,»« 
those  already  mentioned,  and  also  by  sLroiuj  muscular  exertion,  wheix-by  blood  flows  fieelv  into 
the  dilated  muscular  blood-vessels  ;  also,  when  death  takes  place.  The  condition  of  the  fillin'/ 
of  the  blood-vessels  also  explains  the  fact,  that  the  pupil  dilated  witli  atropin  becomes  smalleT 
when  a  part  of  the  sympathetic  in  the  upper  cervical  ganglion,  carrying  the  vaso-motor  fibres 
"   °  ■  a.lso.  that  after  extirpation  of  this  ganglion,  atropin  alway!*  causes  a  less 


of  the  iris,  is  excised 

diminution  of  the  pupil  on  this  side.  The  fact  that  when  the' pupil  is  ali'eady  dilated' bv 
stimulation  of  the  sympathetic,  it  is  further  dilated  by  atropin,  is  due  to  a  diniinisiied  injection 
of  the  blood-vessels  of  the  ms.  If  an  animal  with  its  pupils  dilated  witli  atropin  be  rapidly 
bled,  the  pupils  contract,  owing  to  the  ana'.mic  stimulation  of  the  origin  of  the  oculomotorius 
{Morujcjia).  The  dilatation  of  the  pupils  observed  in  cases  of  neuralgia  of  the  tri'-'eminus  is 
partly  due  to  the  stimulation  of  the  dilating  fibres,  partly  to  the  stimulation  of  the  vaso-motor 
fibres  of  the  iris  (§  347,  2). 

5.  Contraction  of  the  pupil  occurs  as  an  associated  movement,  during  accommodation  for  a 
near  object  (p.  752,  5),  and  when  the  eyeballs  arc  rotated  inwards,  whicli  is  the  case  during 
sleep  (p.  685).  Conversely,  intense  movements  of  the  iris,  caused  by  variations  in  the  bright- 
ness of  dazzling  illumination,  e.g.,  of  the  electric  light,  are  followed  by  disturbing  associated 
movements  of  the  ciliary  muscle  {Ljubinskij).  In  certain  movements  discharged  from  the 
medulla  oblongata  (forced  respiration,  chewing,  swallowing,  vomiting),  dilatation  of  the  pupil 
occurs  as  a  kind  of  associated  movement. 

[Argyll  Robertson  Pupil.— In  this  condition  the  pupil  does  not  contract  to  light,  although 
it  conti'acts  when  the  eye  is  accommodated  for  a  near  object,  vision  usually  being  normal.  The 

^  lesion  is  situated  in  those  .structures  connecting 

the  afferent  and  efferent  fibres  at  their  central 
ends  (at  A  in  fig.  544),  i.e.,  the  connection 
between  the  corpora  quadrigemina  and  the  oculo- 
motorius. It  is  most  frequently  found  in  loco- 
motor ataxia,  although  it  also  occurs  in  progres- 
sive paralysis  of  the  insane.] 

Direct  stimulation  at  the  margin  of  the  cornea 
causes  dilatation  of  the  pupil  {E.  H.  Wcher) ;  in 
fact,  direct  stimulation  of  circumscribed  ai-eas  of 
the  margin  of  the  iris  causes  partial  contraction 
of  the  dilator  fibres  {Bernstein  and  Dogid). 
Stimulation  near  the  centre  of  the  cornea  con- 
tracts the  pupil  [E.  E.  Weher).  In  addition, 
we  must  assume  that  the  iris  itself  contains  ele- 
ments that  influence  the  diameter  of  the  pupil 
{Sig.  Mayer  and  Pribram). 

Our  knowledge  of  the  action  of  poisons  on  the 
iris  is  still  very  obscure.    Those  substances  which 
dilate  the  pupil   are  called  mydriatics,  e.g., 
atropin,  homatropin,  duboisin,  daturin,  and  hyo- 
scyamin.    They  act  chiefly  by  paralysing  the 
oculomotorius.    But,  in  addition,  there  must  be 
also  an  effect  upon  the  dilating  fibres,  for  after 
complete  paralysis  (section)  of  the  oculomotorius. 
the  moderate  dilatation   of  the  pupil  thereby 
p       ,       produced  (§  345,  5)  is  still  further  increased  by 
J5j^  centrum  ^tropin.    Minimal  doses  of  atropin  contract  the 
JJ,  dilator  p^^pjj^    owing  to  stimulation   of  the  pupillo- 
(j,  optic  ^^^ly^  >  constrictor  fibres  ;  enoinnous  doses  cause  moderate 
dilatation  of  the  pupil  in  consecpience  of  paralysis 
of  the  dilating  as  well  as  of  the  constricting 
nerve-fibres.     Atropin  acts  after  destruction  of 


Fig.  544, 

Scheme  of  the  nerves  of  the  iris, 
optici ;  C,  oculomotor  centre  : 
centre  (spinal) ;  E,  iris  : 
H,  oculomotor  (spliincter)  roots  ;  I,  sym- 
pathetic (dilator) ;   K,  L,  anterior  roots ; 
M,  N,  0,  posterior  roots;  A,  seat  of  lesion, 

causing  pupillary  immobility  ;  *  probable  ^'^g'  ^jjj^^  [ophthalmic]  ganglion  {Hcnscn  and 
seat  of  lesion,  causing  myosis.  Vdlckers)  [and  division  of  all  the  nerves  except 

the  optic],  and  in  the  excised  eye  [De  Ruyter),  [so  that  atropin  is  a  local  mydriatic. 
In  moderate  doses  it  paralyses  the  nervous  terminations  of  the  3rd  nerve  (but  not  in  birds 
whose  iris  contains  striped  muscle),  and  in  larger  doses  it  also  paralyses  the  muscular  fibres]. 
[Cocaine,  or  cucaine,  is  obtained  from  the  leaves  of  Erythroxylon  coca.  AVhen  applied  locally 
it  acts  as  a  powerful  local  ana;sthetic,  and  hence  it  is  very  useful  for  operations  about 
the  nmco-cutaneous  orifices.  A  4  per  cent,  solution  dropped  into  the  eye  produces  complete 
insensibility  of  the  cornea  in  a  few  minutes.  It  causes  dilatation  of  the  pupils,  though  they 
react  to  light  and  to  the  movements  of  accommodation.    It  also  causes  temporary  paralysis  of 
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accommodation,  a  sensation  of  heaviness  and  coldness  of  tl.e  eyebal  ,  enlai-gement  ol  the 
nalnebral  fissure,  coustriotion  of  the  small  peripheral  vessels,  and  slight  lachrymation.  J 
^  Kotics  are  those  substances  which  contract  the  pupil  r-Physostigmm  (  =  Esenn,  the  alka- 
loid  of  Calabar  bean),  niootin,  pilocarpin,  muscarin,  morphia,  according  to  some  observers 
(Grilnhaqcn)  cause  stimulation  of  the  oculomotorius,  while  others  say  they  paralyse  the  sym- 
nathetic.  As  these  substances  cause  spasm  of  the  ciliary  muscle,  it  is  supposed  that  the  lirst  ot 
^hese  has  an  analogous  action  on  the  spliincter.  It  is  prolahlc  that  they  paralyse  the  dilator 
libres  and  stimulate  the  oculomotor  fibres.  [Amongst  local  myotics,  i.e.,  those  which  act  on 
the  eye  some  act  on  the  muscular  fibres  of  the  iris,  cj.,  physostigmin  or  eseriii,  while  others 
act  on  the  peripheral  terminations  of  the  3rd  nerve,  e.g.,  pilocarpin,  muscarin.  Muscarin  causes 
very  treat  contraction  of  the  pupil  from  spasm  of  the  circular  fibres,  duo  to  its  action  on  the 
3rd  nerve  ;  eserin,  on  the  other  hand,  although  contracting  the  pupil,  also  afiects  the  dilator 
fibres.    The  contraction  of  the  pupil  due  to  opium  is  central  in  its  cause.]  . 

If  the  one  pupil  be  contracted  or  dilated  by  these  substances,  the  other  pupil,  conversely,  is 
dilated  or  contracted,  owing  to  the  change  in  the  amount  of  light  admitted  into  the  eye  into 
which  the  poison  has  been  introduced.  Tlie  ansesthetics  (ether,  chloroform,  alcohol,  &c.), 
when  they  begin  to  cause  stupor,  contract  the  pupil,  and  when  their  action  is  intense  they  dilate 
it  IDogiel).  Chloroform,  during  the  stage  when  it  causes  excitement  (preceding  the  narcosis), 
stimulates  the  centre  for  the  dilatation  of  the  pupil;  after  a  time  this  centre  is  paralysed,  so 
that  the  pupil  no  longer  dilates  on  the  application  of  external  stimuli.  Thereafter  the  ijupillo- 
constrictor  centre  is  stimulated,  whereby  the  pupil  may  be  contracted  to  the  size  of  a  pm's 
head  ;  ultimately  this  centre  is  paralysed,  and  the  pupil  becomes  dilated. 

Time  for  Movements  of  Iris.— The  reflex  dilatation  of  the  pupil  occurs  slightly  later  than  the 
reflex  contraction,  the  time  in  the  two  cases  being  0-5  and  0-3  second  respectively,  after  stimu- 
lation by  light  (i'.  Vintschgau).  A  certain  time  always  elapses,  until  the  iris,  corresponding  to 
the  strength  of  the  stimulus  of  light  exciting  the  retina,  "  adapts  "  itself  to  produce  a  suitable 
size  of  the  pupil  (Aubert).  Contraction  of  the  pupil  occurs  very  rapidly  after  stimulation  of  the 
oculomotorius  in  birds;  in  rabbits  0-89  second  elapses  after  stimulation  of  the  sympathetic, 
until  the  dilatation  begins  (Arlt). 

Excised  Eye.— Light  causes  contraction  of  the  pupil  in  the  excised  eye  of  amphibians  and 
fishes  {Arnold).  Even  the  iris  of  the  eel,  when  cut  out  and  placed  in  normal  saline  solution, 
contracts  to  light  {Arnold),  the  green  and  blue  rays  being  most  active.  Increase  of  the  tempera- 
ture causes  mydriasis  in  the  excised  eye '  of  the  frog  or  eel,  while  cooling  causes  myosis  {H. 
Mailer). 

[Size  of  the  Pupil. — Jonathan  Hutchinson  recommends  a  pupilometer,  consisting  of  a  metal 
plate  perforated  with  a  series  of  holes  of  diff'erent  sizes.  The  smallest  hole  measures  about  ^  of 
a  line,  and  the  largest  is  4^  lines.  The  plate  is  placed  just  below  the  patient's  eye,  and  the 
hole  is  selected  which  corresponds  with  the  size  of  the  pupil.] 

[Gorham's  Pupil  Photometer. — This  ingenious  instrument  may  be  nsed  as  a  pupilometer, 
and  also  as  a  photometer.  It  consists  of  a  piece  of  bronzed  tubing  1"9  in.  long  and  1'5  in. 
diameter  (figs.  54.5  and  546).    One  end  is  closed  by  a  disc  or  cap,  which  is  pierced  in  its'radii  by 


Fig.  545.  Fig.  546. 

Gorham's  pupil  photometer.  Fig.  545  shows  the  disc  with  a  slot  and  two  holes.  Fig.  546 
gives  a  side  view  with  the  diameter  of  the  pupil  marked  on  it.  The  upper  end  is  closed  by 
the  disc,  while  the  lower  end  is  open. 

a  series  of  holes  at  distances  varying  from  "05  in.  to  -28  in.  There  is  a  slot  in  the  cap  which 
allows  one  pair  of  holes  to  be  visible  at  a  time,  while  on  the  cylinder  is  engraved  the  linear 
distance  of  each  pair  of  holes.  In  using  the  instrument  as  a  pupilometer,  look  through  the 
open  end  of  the  tube  (the  bottom  in  fig.  546),  with  both  eyes  open,  towards  a  sheet  ofwhite 
])aper  or  the  sky,  when  two  dies  of  light  will  be  seen.  Then  revolve  the  lid  or  cap  slowly  until 
the  two  white  Axes  just  touch  one  another  at  their  edges.    The  decimal  fraction  opposite  the  two 
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apertures  seen  on  the  scale  outside  indicates  the  diameter  of  the  pupil  in  lOOths  of  an  inch. 
When  usinf^  it  as  a  photometer,  it  is  assumed  that  the  size  of  the  pupil  gives  an  index  of  the 
intensity  of  the  amount  of  light  which  influences  the  diameter  of  the  pupil.] 

Intraocular  Pressure.— The  movements  of  the  iris  are  always  accompanied  by  variations  of 
the  intraocular  pressure.  The  muscles  of  the  iris  affect  the  intraocular  pressure,  in  that  the 
dilatation  of  the  pupil  increases  it,  while  contraction  of  the  pupil  diminishes  it.  The  increased 
or  diminished  tension  can  bo  felt  when  two  fingers  are  pressed  on  the  eyeball.  Stimulation  of 
the  sympathetic  increases,  while  its  section  diminishes  the  pressure.  Action  of  Drugs. —Atropin 
dropped  into  the  eye,  after  producing  a  short  temporary  diminution  of  the  tension,  increases  it; 
eserin,  after  a  primary  increase,  causes  a  diminution  of  the  pressure  {Grctser  ami  Holzke). 

393.  ENTOPTICAL  PHENOMENA.— Entoptical  phenomena  depend  upon 
the  perception  of  objects  present  within  the  eyeball  itself. 

1.  Shadows  are  formed  upon  the  retina  by  different  opaque  bodies.  In  order  to  see  them  in 
one's  own  eye,  proceed  thus  : — By  means  of  a  strong  convex  lens  project  a  small  image  of  a  flame 
upon  a  paper  screen,  prick  a  small  opening  through  the  image  of  the  flame,  and  place  one  eye 
at  the  other  side  of  the  screen,  so  that  the  illuminated  puncture  lies  in  the  anterior  focus  of  the 
eye,  i.e.,  about  13  mm.  in  front  of  the  cornea.  As  the  rays  proceeding  from  this  point  pass 
parallel  through  the  media  of  the  eye,  a  diffuse  bright  field  of  vision,  surrounded  by  the  black 
margins  of  the  iris,  is  obtained.    AH  dark  bodies  which  lie  in  the  course  of  the  rays  of  light 


Fig.  547. 
Entoptical  Shadows. 


throw  a  shadow  upon  the  retina,  and  appear  as  specks.  There  are  various  forms  of  these  shadows 
(fig.  547)  :- 

(a)  The  spectrum  mucro-lacrimale,  especially  upon  the  margin  of  the  eyelids,  depending 
upon  particles  of  mucus,  fat  globules  from  the  Meibomian  glands,  dust  mixed  with  tears,  causing 
cloudy  or  drop-like  retinal  shadows,  which  are  removed  by  winking. 

(b)  Folds  in  the  cornea. — If  the  cornea  be  pressed  laterally  with  the  finger,  wrinkled  shadows, 
due  to  temporary  wrinkles  in  the  cornea,  are  produced. 

(c)  Lens'  shadows. — Bead-like  or  dark  specks,  bright  and  star-like  figures,  the  former  due  to 
deposits  on  and  in  the  lens,  the  latter  to  the  radiate  structure  of  the  lens. 

(d)  MuscsB  volitantes  {Dcchales,  1690),  like  strings  of  beads,  circles,  gronj^s  of  balls  or  pale 
stripes,  depend  upon  opaque  particles  (cells,  disintegrating  cells,  granular  fibres)  in  the  vitreous 
humour.  They  move  about  when  the  eye  is  moved  rapidly.  Listing  (1845)  showed  that  one  may 
determine  pretty  accurately  the  position  of  these  objects.  Whilst  making  the  observation  upon 
one's  own  eyes,  raise  or  depress  the  source  of  light ;  those  shadows  which  are  caused  by  bodies 
on  a  level  with  the  pupil  retain  their  relative  positions  in  the  bright  fields  of  vision.  Shadows 
which  appear  to  move  in  the  same  direction  as  the  source  of  light  are  caused  by  bodies  which 
lie  in  front  of  the  plane  of  the  pupil — those,  however,  which  appear  to  move  in  the  opposite 
direction  depend  upon  objects  behind  the  plane  of  the  pupil. 

2.  Purkinje's  figure  (1819)  depends  upon  the  blood-vessels  within  the  retina,  which  cast  a 
shadow  upon  the  most  external  layer  of  the  retina,  viz. ,  upon  the  rods  and  cones,  these  being 
the  parts  acted  upon  by  light.  In  ordinary  vision  we  do  not  observe  these  shadows.  Accord- 
ing to  V.  Helmholtz,  this  is  due  to  the  fact  that  the  sensibility  of  the  shaded  parts  of  the  retina 
is  greater,  and  their  excitability  is  less  exhausted,  than  all  the  other  parts  of  the  retina.  As 
soon,  however,  as  we  change  the  position  of  the  shadow  of  the  blood-vessels,  instead  of  being 
directly  behind,  so  that  the  blood-vessels  come  to  lie  more  laterally  and  behind  them,  i.e.,  upon 
places  which  do  not  receive  shadows  from  the  blood-vessels  when  the  rays  of  light  pass  through 
the  eye  in  the  ordinary  way,  then  the  figure  of  the  blood-vessels  becomes  apparent  at  once.  All 
that  is  necessary  is  to  cause  the  light  to  enter  the  eyeball  obliquely.  Method. — (1)  This  may 
be  done  by  passing  an  intense  light  through  the  sclerotic,  cq.,  by  throwing  upon  the  sclerotic 
a  small,  bright,  luminous  image  from  a  source  of  light.    On  moving  the  source  of  light,  the 
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fio^urc  of  the  blood-vessels  moves  in  the  same  direction.  (2)  Look  directly  upwards  to  tlie  sky, 
wmk  with  the  upper  eyelid  drooping,  so  that  for  a  moment,  corresponding  to  the  act  of  winking, 
ravs  of  li'^ht  enter  obliquelv  the  lowest  part  of  the  pupils.  (3)  Look  through  a  small  aperture 
towards  a  bright  sky,  and  inovo  the  aperture  rapidly  to  and  fro,  so  that  from  both  sides  of  the 
blood-vessels  shadows  fall  rapidlv  upon  the  nearest  series  of  rods  and  cones.  (4)  In  a  darkened 
room  look  straight  ahead,  and  move  a  light  to  and  fro  close  under  the  eyes.  Occasionally, 
whilst  performing  this  experiment,  one  may  see  the  macula  lutea  as  a  non-vascular  shaded  de- 
pression, and,  owiiig  to  the  inversion  of  the  objects,  it  lies  on  the  inner  side  of  the  entrance  of 

the  optic  nerve.  ,    .  •  -..i 

3.  Movements  of  the  blood-corpuscles  in  the  retinal  capillaries. — On  looking,  without 
accommodating  the  eye,  towards  a  large  bright  surface,  or  through  a  dark  blue  glass  towards 
the  sun,  we  see  bright  spots,  like  points,  forming  longer  or  shorter  chains,  moving  in  tortuous 
paths.  The  phenomenon  is,  perhaps,  caused  by  the  red  blood-corpuscles  (in  the  capillaries 
posterior  to  the  external  granular  layer)  acting  as  small  light-collecting  concave  discs,  concen- 
tratint'  the  light  falling  upon  them  from  bright  surfaces,  and  throwing  it  upon  the  rods  of  the 
retina°  Each  corpuscle  must  be  in  a  special  position  ;  should  it  rotate,  the  phenomenon 
disappears.  Vierordt,  who  projected  the  movement  upon  a  screen,  calculated,  from  the 
velocity  of  their  motion,  the  velocity  of  the  blood-stream  in  the  retinal  capillaries  as  equal  to 
0-5  to  0-75  mm.  in  a  second,  which  corresponds  very  closely  with  the  results  obtained  directly 
in  other  capillaries  by  E.  H.  Weber  and  Volkmann  (§  90,  4).  "When  the  carotids  are  com- 
pressed, the  movement  is  slower  on  freeing  them  from  the  compression  ;  during  short  forced 
expirations  the  movement  is  accelerated  {Landois). 

4.  The  entoptical  pulse  (§  79,  2)  depends  upon  the  pulsating  arteries  irritating  mechanically 
the  rods  lying  outside  them. 

5.  Pressure  Phosphenes. — Pressure  applied  to  the  eye  causes  a  series  of  phenomena: — {a) 
Partial  pressure  upon  the  eyeball  causes  the  so-called  illuminated  "pressure-picture"  or 
phosp7iene,  which  was  known  to  Aristotle.  As  the  impression  upon  the  retina  is  referred  to 
something  outside  the  eye,  the  phospheue  is  always  perceived  on  the  side  of  the  field  of  vision 
02)posite  to  where  the  pressure  aflfects  the  retina,  e.g.,  pressure  upon  the  outer  surface  of  the 
eyeball  causes  the  flash  of  light  to  appear  on  the  inner  side.  If  the  retina  is  not  well  lighted, 
the  phosphene  appears  luminous  ;  if  the  retina  is  well  lighted,  it  appears  as  a  dark  speck, 
within  which  the  visual  perception  is  momentarily  abolished.  (6)  If  a  uniform  pressure  be 
applied  to  the  eyeball  continuously  from  before  backwards,  as  Purkinje  pointed  out,  after  some 
time  there  appear  in  the  field  of  vision  very  sparkling  variable  figures,  which  perform  a  wonderful 
fantastic  play,  and  often  resemble  the  sparkling  effects  obtained  in  a  kaleidoscope  {v.  Helm- 
holtz),  and  are  probably  comparable  to  the  feeling  of  formication  produced  by  pressure  upon  sen- 
sory nerves  ("sleeping  of  the  limbs"),  (c)  By  applying  equable  and  continued  pressure, 
Steinbach  and  Purkinje  observed  a  network  with  moving  contents  of  a  bluish-silvery  colour, 
which  seemed  to  correspond  to  the  retinal  voius.  Vierordt  and  Laiblin  observed  the  branching 
of  the  blood-vessels  of  the  choroid  as  a  red  network  upon  a  black  ground,  (d)  According  to 
Houdin,  we  may  detect  the  position  of  the  yellow  spot  by  pressure  upon  the  eyeball. 

6.  The  entrance  of  the  optic  nerve  may  be  detected  on  moving  the  eyes  rapidly  backwards, 
and  especially  inwards,  as  a  fiery  ring  or  semicircle  about  the  size  of  a  pea.  Probably,  owing 
to  the  movement  of  the  retina,  the  entrance  of  the  optic  nerve  is  stimulated  mechanically  by 
the  rapid  bending.  Purkinje  and  others  observed  that  the  ring  remained  persistent  on  turning 
the  eye  strongly  inwards.  If  the  retina  be  brightly  illuminated,  the  ring  appears  dark,  and 
when  the  field  of  vision  is  coloured,  the  ring  has  a  different  tint.  If  Purkinje's  figure  be  pro- 
duced at  the  same  time,  one  may  observe  that  the  vascular  trunk  proceeds  from  this  ring — a 
proof  that  the  ring  corresponds  to  the  entrance  of  the  optic  nerve  (Landois). 

7.  Accommodation  Spot. — On  accommodating  the  eye  strongly  towards  a  white  surface, 
there  appears  in  the  middle  a  small,  bright,  trembling  shimmer,  and  in  its  centre  a  coarse 
brown  speck,  about  the  size  of  a  pea,  is  seen  (Purkinje).  If  pressure  be  applied  externally  to 
the  eyeball,  this  speck  becomes  more  distinct.  After  having  once  observed  the  phenomenon, 
occasionally  on  pressing  laterally  upon  the  opened  eye  we  may  see  it  as  a  bright  speck  in  the 
field  of  vision — another  proof  that  the  intraocular  pressure  is  increased  during  accommodation. 

8.  Mechanical  Optical  Stimulation. — On  dividing  the  optic  nerve  in  man,  as  in  extirpation 
of  the  eyeball,  a  flash  of  light  is  observed  at  the  moment  of  section  by  the  person  operated  on. 
The  section  of  the  nerve-fibres  themselves  is  painless,  but  section  of  the  sheaths  is  painful. 

9.  The  accommodation  phosphene  is  the  occurrence  of  a  fiery  ring  at  the  peripheiy  of  the 
field  of  vision,  seen  on  suddenly  bringing  the  eyes  to  rest  after  accommodating  for  a  long  time 
in  the  dark  (Purki7ije).  The  sudden  tension  of  the  zonule  of  Zinn  resulting  from  the  relaxation 
causes  a  mechanical  stretching  of  the  outermost  part  of  the  margin  of  the  retina,  or  it  may  be  of 
a  part  of  the  retina  behind  this.  Purkinje  observed  the  phenomenon  after  suddenly  relaxing 
the  pressure  on  the  eye. 

10.  Electrical  Phenomena. — Electrical  cun-ents,  when  applied  to  the  eye,  cause  a  strong 
flash  of  light  over  the  whole  field  of  vision.  One  pole  of  the  battery  may  be  placed  on  the 
under  eyelid  and  the  other  on  the  neck.    The  flash  at  closing  [making]  the  current  is  strongest 
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with  nn  ascoiuliug  current,  that  with  opening  [breaking]  the  current  with  a  descending  current. 
If  a  uniform  continuous  ascending  current  be  trausniitteJ  through  the  closed  eyes,  the  dark  disc 
of  the  elevation  at  the  entrance  of  the  optic  nerve  appears  in  a  whitish-w'oZei  field  of  vision  ; 
with  a  descending  current,  the  lield  of  vision  is  reddish  and  dark,  in  which  the  position  of  the 
optic  nerve  appears  light  blue  (0.  IlehiihoUz).  If  external  colours  are  looked  at  simultaneously, 
these  colours  blond  to  form  a  violet  or  yellow  with  the  colours  looked  at  {Sclielalcc).  During 
the  passage  of  the  ascending  current  we  see  external  objects  indistinctly  and  mmdler  when  the 
eyes  are  open  ;  while  with  the  descending  current  they  are  larger  and  more  distinct  (Riller). 
Sometimes  the  position  of  the  macula  lutea  appears  dark  on  a  bright  ground,  or  the  reverse, 
according  to  the  direction  of  the  current.  If  the  current  be  opened  [broken]  the  phenomena 
are  reversed  (§  335),  and  the  eye  soon  returns  to  rest. 

11.  The  yellow  spot  appears  sometimes  as  a  dark  circle  when  there  is  a  uniform  blue  illumi- 
nation. In  a  strong  light  the  po,sition  of  the  yellow  spot  is  surrounded  by  a  Ijright  area,  twice 
or  thrice  as  large,  called  "Lowe's  ring."  [Olerk-Marwell's  Experiment.— Ou  looking  through 
a  solution  of  chrome-alum  in  a  bottle  or  vessel  with  parallel  glass  sides,  we  observe  an  oval 
purplish  spot  in^the  greenish  colour  of  the  alum.    This  is  due  to  the  pigment  of  the  yellow  spot.  ] 

Haidinger'a  Brushes. — On  directing  the  eye  towards  a  source  of  polarised  light,  "  Haidinger's 
polarised  brushes  "  appear  at  the  point  of  lixation.  They  are  seen  on  looking  through  a  Nicol's 
prism  at  a  bright  cloud  {v.  Helmholtz).  They  are  bright  and  bluish  on  a  surface,  bounded  by 
two  neighbouring  hyperbola  on  a  white  field  •  the  dark  bundle  separating  them  is  smallest  in 
the  centre  and  yellow.  Of  the  various  colours  of  homogeneous  light,  blue  alone  shows  the 
brushes  [Stokes).  According  to  v.  Helmholtz  the  seat  of  the  phenomenon  is  the  yellow  spot, 
and  is  due  to  the  yellow-coloured  elements  of  the  yellow  spot  being  slightly  doubly  refractive, 
while  at  one  part  they  absorb  more,  at  another  less,  of  the  rays  entering  the  eye. 

12.  Lastly,  there  are  the  visual  sensations  depending  on  internal  causes,  e.g.,  increased 
bounding  of  the  blood  through  the  retina,  as  during  violent  coughing,  increased  intraocular 
pressure.  Stimulation  of  the  visual  areas  (§  378,  IV.)  may  produce  spectra,  which  Cardan  us 
(1550),  Goethe,  Nicolai,  and  Johannes  Miiller  could  produce  voluntarily. 

394.  ILLUMINATION  OP  THE  EYE.— OPHTHALMOSCOPE.— The  light 
which  enters  the  eye  is  partly  absorbed  by  the  black  uveal  pigment,  and  partly 
again  reflected  from  the  eye,  and  always  in  the  same  direction  in  which  the  rays 
entered  the  eye.  By  placing  oneself  in  front  of  the  eye  of  another  person,  of  course 
the  head,  being  an  opaque  body,  cuts  off  a  large  number  of  rays.    Owing  to  the 

position  of  the  head,  no  rays  of  light  can  enter 
the  eye  ;  and  of  course  none  can  be  reflected 
back  to  the  eye  of  the  observer.  Hence,  the 
eye  of  the  person  being  examined  always  appears 
black,  because  those  rays  which  alone  could  be 
reflected  in  the  direction  of  the  eye  of  the  ob- 
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Fig.  548. 

Arrangement  for  examining  the  eye  of  B.    A,  eye  of  observer  ;  x,  source  of  light ;  S,  S,  plate 
of  glass  directed  obliquely,  reflecting  light  mto  B. 

server  are  cut  off.    As  soon,  however,  as  we  succeed  in  causing  rays  of  light  to 
enter  the  eye  at  the  same  time  and  in  the  same  direction  in  which  we  observe  the 
eye  of  another  person,  the  fundus  of  the  eye  appears  brightly  illuminated. 
The  following  simple  arrangement  is  suflicient  for  the  purposes  (fig.  548) :— Let  B  be  the  eye 
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n(  t-lifi  natient  A  that  of  the  observer,  and  let  a  flame  be  placed  at  a:  The  rays  of  light  pro- 
ceed n<?  from  x  impinge  upon  the  obliquely  placed  j^tete  0/  glass  (S,S),  and  are  reflected  m  the 
direction  of  the  dotted  lines  into  the  eye  (B).  The  fundus  of  the  eye  appears  in  this  position 
to  be  brightly  illuminated  in  dillusion  circles  around  b.    As  the  observer  (A)  can  see  through 


rig.  549. 


the  obliquely  placed  glass  plate  (S,  S),  and  in  the  same  direction  as  the  reflected  rays  {x,  y),  he 
sees  the  retina  around  h  brightly  illuminated. 

In  order  that  this  method  be  made  available  for  practical  purposes,  we  must,  of  course,  be 
able  to  distinguish  the  details,  such  as  the  blood-vessels  of  the  fundus  of  the  eye,  the  macula 


Fig.  550. 

lutea,  the  entrance  of  the  optic  nerve,  abnormalities  of  the  retina,  and  the  choroidal  pigment, 
&c.  The  following  considerations  show  us  how  to  proceed  in  order  to  accomplish  this.  As 
already  mentioned,  and  as  fig.  531  shows,  a  small  inserted  image  is  formed  on  the  retina  (c,  d) 
when  we  look  at  an  object  (A,  B) ;  conversely,  according  to  the  same  dioptric  law,  an  enlarged 
inverted  real  image  of  a  small  distinct  area  of  the  retina  (c,  d — depending  on  the  distance  for 
which  the  eye  was  accommodated)  must  be  formed  outside  the  eye  (A,  B). 
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Fig.  551. 

If  the  fundus  of  this  eye  be  sufliciently  illuminated,  this  aerial  image  will  be  correspondingly 
bright. 

In  order  to  see  the  individual  parts  of  the  retinal  picture  more  distinctly,  the  observer  must 
accommodate  his  own  eye  for  the  position  of  this  image.  In  such  circumstances  the  eye  of  the 
observer  would  be  too  near  the  observed  eye.    His  eye  when  so  accommodated  is  removed  from 
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the  eyo  of  the  patient  by  his  own  visual  distance,  anil  by  the  visual  distance  of  tlie  patient.  As 
this  distance  is  considemblo,  the  individual  snmll  details  of  the  fundus  cannot  be  seen  distinctly. 
Further,  owing  to  the  contraction  of  the  pupil  of  the  patient,  only  a  small  area  of  the  fundus 
can  bo  seen,  and  this  only  under  a  small  visual  angle,  ijuite  apart  from  the  fact  that  it  is  often 
impossible  to  accommodate  for  the  real  image  of  the  fundus  of  the  patient. 

Hence,  the  eye  of  the  observer  must  be  brought  nearer  to  the  eye  of  the  patient.  This  may 
bo  done  in  two  ways  :— (1)  Either  by  placing  in  front  of  the  eye  of  the.  patient  a  strong  cmwex 
lens  (of  1  to  3  inches  focxrs— lig.  549,  C).  This  causes  the  retinal  image  to  be  nearer  to  the  eye 
(at  B),  owing  to  the  strong  l?ns  refracting  the  rays  of  light.  The  observer  (M)  can  come  nearer 
to  the  eye,  and  can  still  accommodate  for  the  image  of  the  fundus  of  the  eye.  (2)  Or  a  co-ivcavc 
lens  is  placed  immediately  in  front  of  the  eye  of  the  patient  (fig.  550,  o).  The  rays  of  light 
emerging  from  the  eye  of  the  patient  (P)  are  either  made  parallel  by  the  concave  lens  (o),  and 
are  brought  to  a  focus  on  the  retina  of  the  emmetropic  observer  (A) ;  or,  if  the  lens  causes  the 
rays  to  diverge  (fig.  551),  an  erect,  virtual  image  is  formed  at  a  distance  behind  the  eye  of  the 
patient  (at  R).    In  these  cases,  also,  the  observer  can  go  much  nearer  to  the  eye  of  the  patient. 

The  ophthalmoscope  invented  by  v.  Helmholtz  enables  us  to  examine  the  whole 
of  the  fundus  of  the  eye. 

[Direct  Method. — Use  a  concave  mirror  of  20  centimetres  focal  distance,  with  a  central  open- 
ing.   Eeflect  a  beam  of  light  into  the  patient's  eye,  where  the  rays  cross  in'  the  vitreous  and 


Fig.  552.  -  Fig.  553. 

Fig.  552.  — The  entrance  of  the  optic  nerve  with  the  adjacent  parts  of  the  fundus  of  the  normal 
eye.  a,  ring  of  connective-tissue  ;  I,  choroidal  ring  ;  c,  arteries  ;  d,  veins  ;  g,  division  of 
the  central  artery ;  h,  division  of  the  central  vein  ;  L,  lamina  cribrosa  ;  t,  temporal  (outer) 
side  ;  n,  nasal  (inner)  side.    Fig.  553. —  Morton's  ophthalmoscope. 


illuminate  the  fundus  of  the  eye.  These  rays  again  pass  out  of  the  eye  and  reach  the  observer's 
eye  through  the  central  hole  in  the  mirroi'.  If  the  observer  be  emmetropic  they  come  to  a  focus 
on  his  retina.  In  this  way  all  the  parts  of  the  retina  are  seen  in  their  normal  position,  but 
enlarged.  Hence,  it  is  sometimes  called  the  examination  of  the  upright  image.  The  eye  of 
the  patient  and  observer  must  be  at  rest,  i.e.,  be  negatively  accommodated,  while  the  mirror 
must  be  brought  as  near  as  possible  to  the  eye  of  the  patient.] 

[Indirect  Method,  by  which  a  more  general  view  of  the  fundus  is  obtained.  T'hrow  the  light 
into  the  patient's  eye  by  an  ophthalmoscopic  mirror  as  above,  but  held  at  a  distance  of  about  50 
cm.  (10  inches)  from  the  patient's  eye.  Hold  a  biconvex  lens  of  14  dioptrics  focal  length 
vertically  between  the  mirror  and  the  patient's  eye  (fig.  549),  the  observer  looking  through  the 
hole  of  the  mirror.  What  he  does  see  is  an  inverted  aerial  image  at  B.  Only  a  small  part  of 
the  fundus  oculi  can  be  seen  at  one  time.] 

[The  ophthalmoscope,  besides  being  used  for  examiniug  the  interior  of  the  eyeball,  is  of  the 
utmost  use  in  determining  the  existence  and  amount  of  anomalies  of  refraction  in  the  refrac- 
tive media.  For  this  purpose  an  ophthalmoscope  requires  to  be  provided  with  p/iw  and  inintis 
lenses,  which  can  be  readily  brought  before  the  eye  of  the  observer.  This  is  readily  done  by 
an  ingenious  mechanism  devised  by  Couper,  and  made  use  of  in  tlic  handy  students'  ophthal- 
moscope of  Morton  (fig.  553).    The  lenses  are  moved  by  a  driving-wheel  on  the  left  figure, 
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while  at  the  same  time  is  indicated  at  a  certain  aperture  the  lens  presented  at  the  sight  hole. 
The  instrument  is  also  provided  with  a  movable  arrangement  carrying  a  concave  mirror  at 
either  end  One  of  these  mirrors  is  10  inches  in  focus,  and  is  used  for  indirect  examination 
and  retinoscopy,  while  the  other  is  of  3  inches  focus  for  direct  examination,  and  is  hxed  at  an 

""pRetinoscopy.— The  ophthalmoscope  is  used  also  for  this  purpose.  A  beam  of  light  is 
reflected  into  the  eye  by  the  ophthalmoscopic  mirror,  and  the  play  of  light  and  shade  on  tlie 
fundus  oculi  observed.  A  study  of  this  is  important  in  determining  anomalies  of  refraction. 
For  the  method,  the  student  is  referred  to  a  text-book  on  "Diseases  of  the  Eye."] 

[Artificial  Eye.— The  student  may  practise  the  use  of  the  ophthalmoscope  on  an  artificial 
eye,  such  as  that  of  Frost  (fig.  554)  or  Perrin.]  ,,,,,, 

lUumination.— In  order  to  illuminate  the  interior  of  the  eye,  v.  Helmholtz  used  several 
plates  of  glass,  placed  behind  each  other,  in  the  position  of  S,  S,  in  fig.  548.  Afterwards  he 
used  a  plane  or  concave  mirror  of  7  inches  focus  (fig.  549),  with  a  hole  in  the  centre.  Fig.  552 
shows  the  appearance  of  the  fundus  of  the  eye,  as  seen  with  the  ophthalmoscope.  In  albinos 
the  fundus  of  the  eye  appears  red,  because  light  passes  into  the  eye  through  the  sclerotic  and 


Fig-  554.  Fig.  555. 

Frost's  artificial  eye.  Action  of  the  orthoscope. 

uvea,  which  are  devoid  of  pigment.  If  a  diaphragm  be  placed  over  the  eye,  so  that  the  pupil 
alone  is  free,  the  eye  appears  black  {Bonders). 

Tapetum.— In  many  animals  the  eyes  have  a  bright  green  lustre.    These  eyes  have  a  special 
layer,  the  tapetum,  or  the  membrana  versicolor  of  Fielding :  in  carnivora  it  consists  of  cells 
in  herbivora  of  fibres,  placed  between  the  capillaries  of  the  choroid  and  the  stroma  of  the  uvea. 
Ihese  structures  exhibit  interference-colours  and  reflect  much  light,  so  that  the  coloured  lustre 
appears  in  the  eye. 

ObUciiie  illiunination  is  used  with  advantage  for  investigating  the  anterior  chamber.  A 
bright  beam  ot  light,  condensed  by  a  convex  lens,  is  thrown  laterally  upon  the  cornea  into  the 
eye,  and  so  directed  upon  the  point  to  be  investigated  as  to  illuminate  it.  A  point  so  illumi- 
nated, e.g.,  a  part  of  the  iris,  may  be  examined  from  a  distance  by  means  of  a  lens,  or  even  bv 
a  microscope  {Liebreich). 

The  Orthoscope. .-Czermak  constructed  this  instrument,  in  which  the  eye  is  placed  under 
water  (hg  555).  It  consists  of  a  small  glass  trough  with  one  of  its  walls  removed.  The 
margins  ot  the  open  side  are  pressed  firmly  against  the  region  of  the  eye.  The  eye  and  its  sur- 
roundings form,  as  it  were,  the  sixth  side  of  the  trough,  which  is  filled  with  water,  so  that  the 
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cornea  is  bathed  therewith.  As  the  refractive  index  of  water  is  almost  the  same  as  the  refrac- 
tive index  of  tlie  media  of  the  eye,  the  rays  of  light  pass  into  the  eye  in  a  straight  direction 
without  being  refracted.  Hence,  objects  in  tlie  anterior  eliamber  can  be  seen  directly,  as  if 
they  were  not  within  the  eye  at  all.  Another  advantage  is  that  the  objects  can  be  brought 
nearer  to  the  eye  of  the  observer.  The  rays  of  light  emerging  from  the  jjoint  (a)  of  the  fundus, 
if  the  eye  were  surrounded  by  air,  would  leave  the  eye  as  the  parallel  lines,  b,  c,  b,  c.  Under 
water,  these  rays,  a,  b,  continue  in  the  direction  a,  b,  as  far  as  b,  d,  where  they  emerge  from 
the  water,  and  are  bent  i'rom  the  perpendicular  to  d,  e,  d,  c.  The  eye  of  the  observer,  looking 
in  the  direction  c,  d,  sees  the  point,  a,  nearer,  viz.,  in  the  direction  c,  d,  a',  lying  at  a. 

395.  ACTIVITY  OF  THE  RETINA  IN  VISION.— I.  Blind  Spot— The 

rods  and  cones  alone  are  the  parts  of  the  retina  sensitive  to  light,  they  alone  are 
excited  by  the  vibrations  of  the  ether.  This  is  confirmed  by  Mariotte's  experiment 
(1688),  which  proves  that  the  entrance  of  the  optic  nerve,  where  rods  and  cones 
are  absent,  is  devoid  of  visual  sensibility.  Hence  it  is  spoken  of  as  the  "  blind 
spot." 

[Mariotte's  Experiment. — Make  two  marks,  about  3  inches  apart,  upon  paper 
(fig.  556).  Look  at  the  cross  with  the  right  eye,  keeping  the  left  eye  closed,  and 
hold  the  paper  about  a  foot  from  the  eye,  when  both  the  cross  and  the  circle  will 


Fig.  556. 


be  seen.  Gradually  approximate  the  paper  to  the  eye,  keeping  the  open  eye 
steadily  fixed  on  the  cross  ;  at  a  certain  moment  the  circle  will  disappear,  and  on 
bringing  the  paper  nearer  to  the  eye  it  will  reappear.  The  moment  when  the  circle 
disappears  is  when  its  image  falls  upon  the  entrance  of  the  optic  nerve.] 

Position  and  Size. — The  entrance  of  the  optic  nerve  lies  about  3 '5  mm.  internal  to  the 
visual  axis  of  the  eyeball,  in  the  retina.  Its  diameter  is  1  '8  mm.  The  apparent  diameter  of 
the  blind  spot  in  the  field  of  vision  is  in  a  horizontal  direction  6°  56' — this  lies  12°  35'  to 
18°  55'  horizontally  from  the  fixed  point.  Eleven  full  moons  placed  side  by  side  would  dis- 
appear on  the  surface,  and  so  would  a  human  face  at  a  distance  of  over  2  metres. 

Proofs. — The  following  facts  prove  that  the  entrance  of  the  optic  nerve  is  insensible  to 
light: — (1)  Bonders  projected,  by  means  of  a  mirror,  the  small  image  of  a  flame  upon  the 
entrance  of  the  optic  nerve  of  another  person,  and  the  person  had  no  sensation  of  light.  But 
a  sensation  of  light  was  experienced,  when  the  image  of  the  flame  was  projected  upon  the 
neighbouring  parts  of  the  retina.  (2)  On  combining  with  Mariotte's  experiment  the  experiment 
whfch  causes  entoptical  phenomena  at  the  entrance  of  the  optic  nerve,  this  coincides  with  the 
blind  spot  (§  393,  6  and  7). 

Torm  of  Blind  Spot.— In  order  to  determine  the  form  and  apparent  size  of  the  blind  spot  in 
one's  own  eye,  fix  the  head  at  about  25  centimetres  from  a  surface  of  white  paper  ;  select  a 
small  point  on  the  latter  and  keep  the  eye  directed  towards  it ;  then,  starting  from  the 
position  of  the  blind  spot,  move  a  white  feather  in  all  directions  over  the  paper  ;  whenever  the 
tip  of  the  feather  becomes  visible,  make  a  mark  at  this  spot.  The  blind  spot  may  be  mapped 
out  in  this  way.  It  has  an  irregular,  elliptical  form  from  which  processes  proceed,  due  to  the 
equally  non-sensitive  origins  of  the  large  blood-vessels  of  the  retina  {Hucck).  (Mariotte 
concluded  from  his  experiment  that  the  choroid,  which  is  perforated  by  the  optic  nerve,  is  the 
membrane  sensitive  to  light,  as  the  nerves  are  nowhere  absent  from  the  retina.) 

The  blind  spot  causes  no  appreciable  gap  in  the  field  of  vision.— As  this  area  is  not  excited 
by  light,  a  black  spot  cannot  appear  in  the  field  of  vision,  for  the  sensation  of  black  imiilies 
the  presence  of  retinal  elements,  which,  however,  are  absent  from  the  blind  spot.  The 
circumstance,  however,  tliat  in  spite  of  the  existence  of  an  inexcitable  spot  during  vision,  no 
part  of  the  field  of  vision  appears  to  be  unoccupied,  is  due  to  a  psychical  action.  Ihe 
unoccupied  area  of  the  field  of  vision,  corresponding  to  the  blind  spot,  is  filled  in  according  to 
probability  by  a  psychical  process  (E.  H.  Weber).  Hence,  when  a  white  point  disappeai-s 
from  a  black  surface,  the  whole  surface  appears  to  us  black ;  a  white  surface  from  which  a 
black  point  falls  on  the  blind  spot,  appears  quite  white  ;  a  page  of  print  grey  throughout,  &c 
According  to  the  probabilities,  certain  parts  are  supplied— iiarts  of  a  circle,  the  middle  parts  ot 
a  Ion"  line,  the  central  part  of  a  cross.    Such  images,  however,  as  cannot  be  constructed 
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accordin<^  to  the  probabilities,  are  not  perfected,  c.fif.,  the  end  of  a  line  or  a  human  face.  In 

o?her  cas°es  the  condition  known  as  "contraction"  of  the  lield  of  vision  tends  to  iill  up  the  gap. 

This  will  be  evident  on  looking  at  the  nine  adjoining  letters,  so  that 

c  di«ai)iiears  ;  we  no  longer  see  the  three  letters  on  each  side  of  it  m    «  h  n 

straight  lines,  but  h,  /,  h,  d  are  turned  in  towards  0.    The  adjoining    d         M  U 

parts' of  the  lield  of  vision  seem  to  o.xteud  over  and  around  the  bliml 

spot,  and  thus  help  to  compensate  for  the  blind  spot.  ,    ,  p 

II.  Optic  Fibres  Inexcitable  to  Light.— The  layer  of  the  Q      (^g  j  I 

Tihres  of  the  optic  neiue  in  the  retina  is  not  sensitive  to  light. 

This  is  proved  by  the  fact  that,  in  the  fovea  centralis,  which 

is  the  area  of  most  acute  vision,  there  are  no  nerve-fibres.   ^        U.  \ 

Further,  Purkinje's  figure  proves  that,  as  the  arteries  of  the  ° 

retina  lie  behind  the  optic  fibres,  the  latter  cannot  be  concerned  in  the  perception 

of  the  former. 

III.  Rods  and  Cones.— The  outer  segments  of  the  rods  and  cones  have  rounded 
outlines,  and  are  packed  close  together;  but  natural  spaces  must  exist  between 
them,  corresponding  to  the  spaces  that  must  exist  between  groups  of  bodies  with  a 
circular  outline.  These  parts  are  insensible  to  light,  so  that  a  retinal  image  is  com- 
posed like  a  mosaic  of  round  stones.  The  diameter  of  a  cone  in  the  yellow  spot  is 
2  to  2-5  /A  {M.  Schultze).  If  two  images  of  two  small  points,  placed  very  near  each 
other,  fall  upon  the  retina,  they  will  still  be  distinguished  as  distinct  images,  pro- 
vided that  both  images  fall  upon  two  different  cones.  The  two  images  on  the 
retina  need  only  be  3-4-5-4  jx  apart,  in  order  that  each  may  be  seen  separately, 
for  then  the  images  still  fall  upon  tivo  adjoining  cones.  If  the  distance  be  dimin- 
ished so  very  much  that  both  images  fall  upon  one  cone,  or  one  upon  one  cone  and 
the  other  upon  the  intermediate  or  cement  substance,  then  only  one  image  is  per- 
ceived. The  images  must  be  further  apart  in  the  peripheral  portion  of  the  retina 
in  order  that  they  may  be  separately  distinguished. 

As  the  rounded  end-surfaces  of  the  cones  do  not  lie  exactly  under  each  other,  but  are  so 
arranged  that  one  series  of  circles  is  adapted  to  the  interstices  of  the  following  series,  this 
explains  why  fine  dark  lines  lying  near-each  other  appear  to  have  alternating  twists  upon  them, 
as  the  images  of  these  must  fall  upon  the  cones,  at  one  time  to  the  right,  at  another  to  the 
left. 

IV.  The  fovea  centralis  is  the  region  of  most  acute  vision,  where  only  cones  are 
present,  and  where  they  are  very  numerous  and  closely  packed  (fig.  521).  The 
cones  are  less  numerous  in  the  peripheral  areas  of  the  retina,  and  consequently  vision 
is  much  less  acute  in  these  regions.  We  may  therefore  conclude  that  the  cones  are 
more  important  for  vision  than  the  rods.  When  we  wish  to  see  an  object  distinctly, 
we  involuntarily  turn  our  eyes  so  that  the  retinal  image  falls  upon  the  fovea 
centralis.  In  doing  this,  we  are  said  to  '■^fix  "  our  eyes  upon  an  object.  The  line 
drawn  from  the  fovea  to  the  object  is  called  the  axis  of  vision  (fig.  557,  S  r).  It 
forms  an  angle  of  only  3'5-7°  with  the  '■^optical  axis"  (0  A),  which  unites  the 
centres  of  the  spherical  surfaces  of  the  refractive  media  of  the  eye.  The  point  of 
intersection,  of  course,  lies  in  the  nodal  point  (Kn)  of  the  lens  (p.  770).  The  term 
"  direct  vision  "  is  applied  to  vision  when  the  direction  of  the  axis  of  vision  is  in 
line  with  the  object,  [i.e.,  when  the  image  of  the  object  falls  directly  on  the  fovea 
centralis.] 

"Indirect  vision"  occurs  when  the  rays  of  light  from  an  object  fall  upon  the 
peripheral  parts  of  the  retina.    Indirect  vision  is  much  less  acute  than  the  direct. 

To  test  the  acuity  of  direct  vision,  draw  two  fine  parallel  lines  close  to  each  other,  and 
gradually  remove  them  more  and  more  from  the  eye,  until  both  appear  almost  to  unite  and 
form  one  line.  The  size  of  the  retinal  image  may  be  ascertained  by  determining  the  distance 
of  the  two  lines  from  each  other,  and  the  distance  of  the  lines  from  the  eye,  or,  from  the  cor- 
responding visual  angle,  which  is  generally  ft-om  60  to  90  seconds. 

Perimetry.— In  order  to  test  indirect  vision,  we  may  use  the  perimeter  of  Aubert  and 
Fbrster.  _  The  eye  is  placed  opposite  a  fixed  point,  from  which  a  semicircle  proceeds,  so  that 
the  eye  lies  in  the  centre  of  it.    As  the  semicircle  rotates  round  the  fixed  point,  on  rotatiug  the 
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formor  wo  can  circumscribe  tlio  surface  of  a  hemisphere,  in  the  centoe  of  whicli  the  eye  is  placeil./'. 
Proceeding  from  the  lixed  point,  objects  are  placed  upon  semicircles,  and  are  gradually  puslie^V, 
more  and  more  towards  the  periphery  of  the  lield  of  vision,  until  the  object  becomes  indistinct^,  ' 
and  iinally  disnppeiirs.  The  process  of  testing  is  continued  by  i)lacing  the  arc  successively  ill-, 
the  dilferont  meridians  of  the  lield  of  vision. 

[M'Hardy's  perimeter  is  a  very  convenient  form  (fig.  558).    It  consists  of  two  uprights  (( 
and  D),  which  are  lixed  to  the  opposite  ends  of  a  flat  basal  plate  (A).    C  carries  an  ari-angenieui  • 
for  supporting  the  patient's  head,  while  D  carries  the  automatic  arrangement  for  the  perimetrii; 


Fig.  557. 

Horizontal  section  of  the  right  eye.  a,  cornea  ;  b,  conjunctiva  ;  c,  sclerotic ;  d,  anterior 
chamber  containing  the  aqueous  humour;  e,  iris;//',  pupil;  g,  posterior  chamber;  /, 
Petit's  canal ;  /,  ciliary  muscle ;  k,  corneo-scleral  limit ;  i,  canal  of  Schlemm  ;  m,^  choroid ; 
?i,  retina;  o,  vitreous  humour:  No,  optic  nerve;  q,  nerve-sheaths;  nerve-fibres;  Ic, 
lamina  cribrosa.  The  line  OA  indicates  the  optic  axis;  ^  ?•  the  axis  of  vision;  the 
position  of  the  fovea  centralis. 

record.  Both  of  these  can  be  raised  or  depressed  by  the  screws  (G  and  h).  The  patient's  chin 
rests  on  the  chin-rest  (E),  while  in  the  mouth  is  placed  Landolt's  biting  fixation  (L),  which  is 
detachable.  The  position  of  the  head  can  be  altered  by  sliding  F  on  L,  which  can  be  fixed  in 
any  position  by  the  screw  (0).  The  porcelain  button  (1)  just  below  the  patient's  eye  (Z)  is  con- 
nected with  the  adjustment  of  the  "fixation  point."  The  automatic  recording  apparatus 
consists  of  a  revolving  quadrant  (7i,  li),  which  describes  a  heniisijhere  round  a  horizontal  axis 
passin"  through  the  centre  of  the  hollow  male  axle,  turning  in  the  female  end  ot  a,  which  is 
supported  by  D.  The  quadrant  can  be  fixed  at  any  point  by  g.  On  the  front  concave  surface 
of  the  quadrant  is  fixed  a  circular  white  piece  of  ivory,  representing  the  "  fixation  point,  from 
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-L-  1,  «  „PP,llo  ni-oiects  and  which  is  the  zero  of  tho  instrument.    A  carriage  (i),  in  which  the 
^SSbfe  ^  a    ?  a  ed  can  bo  moved  in  the  concave  face  of  the  ,uadrant  by  means  ot  the  nulle.i 
pst  oDjcLLb  c     1        '       gj^i-i-iage  by  means  of  a  tooth  and  pinion  wlieel.] 

•  J'r4  ■'i;  S^milkcriieadfi^Vs  turned,  it  moves  the  carriage  and  two  slides  {k  and  I),  the  two 

•  ■  J}^  v?nc  ho  atio  of  '2  to  1  The  rate  of  the  carriage  is  so  adjusted  that  it  travels  ten 
1  me"  Tst  "'tlmn  ai  i  five  times  faster  than  k.  The  pointer  (p)  is  connected  with  these  slides, 
•Jo  thaUt  moves  when  they  move,  and  records  its  movements  by  piei-cing  the  record  chart, 

•  which  is  fixed  in  the  double-faced  frame  {e).    The  frame  for  the  record  chart     hinged  near  c 

o  h  upright  (D).    The  frame,  when  upright,  comes  so  near  the  pointer  that  the  latter  can 
nierce  a  cha'rt  placed  in  the  frame.    The  patient  is  directed  to  look  at  the  "  fixation  point 
which  is  merely  a  small  ivorv  button  placed  in  the  imaginary  axis  of  the  hemisphere  on  the 


Fig.  558. 

11 'Hardy's  perimeter.  I,  porcelain  button  ;  M,  bit ;  E,  for  fixing  the  head  ;  g,  li,  quadrant ; 
0,  fixation  point ;  p,  pointer  for  piercing  the  record  chart  held  in  the  frame  (e)  which  moves 
on  c  ;  D,  upright  supporting  the  quadrant  and  the  automatic  arrangement  of  slides  {k  and 
I),  which  are  moved  by  j. 

front  of  the  centre  of  the  concave  surface  of  the  quadrant ;  the  projecting  needle-point  (0)  indi- 
cates its  position.  This  is  the  zero  of  the  quadrant,  and  on  each  side  of  it  the  quadrant  is 
divided  into  90°.] 

[In  testing  the  field  of  vision,  place  the  carriage  so  as  to  cover  zero,  adjust  the  ej'e  for  the 
fixation  point,  and  look  steadily  at  it,  when,  if  all  is  right,  the  pointer  (^;)  ought  to  pierce  the 
centre  of  the  chart.  Move  the  carriage  along  the  quadrant  by^  until  it  disappears  from  the 
field  of  vision,  and  when  it  does  so  the  pointer  is  made  to  pierce  the  chart.  Make  another 
observation  in  another  direction  by  altering  the  position  of  the  quadrant,  and  go  on  doing  so 
until  a  complete  record  is  obtained  of  the  field  of  vision.  Test  the  other  eye  in  the  same  way. 
The  colour-field  may  be  tested  by  using  coloured  papers  in  the  carriage.] 

[Priestley  Smith's  perimeter  (fig.  559). — The  wooden  knob  on  the  left  of  the  figure  is  placed 
under  the  eye  of  the  patient,  who  stares  at  the  fixed  point  in  the  axis  of  the  quadrant,  which 
can  be  moved  in  any  meridian.  The  test  object  is  a  square  piece  of  white  paper,  which  is  moved 
along  the  quadrant.  The  chart  is  placed  on  the  posterior  surface  of  the  hand-wheel  and  moves 
with  it,  so  that  the  meridians  of  the  chart  move  with  the  quadrant.  There  is  a  scale  behind 
the  hand-wheel  corresponding  with  the  circles  on  the  chart,  so  that  the  observer  can  prick  off 
his  observations  directly.] 
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[Scotoma  is  the  term  applied  to  ilimness  or  blindness  in  certain  parts  of  the  held  of  vision, 

which  may  be  central,  marginal,  or  in  patches.] 
The  capacity  lor  dlBtinguishing  colours  di- 
minishes more  rapidly  at  the  periphery  of  the 
retina,  than  that  lor  distinguishing  difierences  in 
the  brightness  or  intensity  of  light  1  n  fact,  the 
peripliory  of  the  retina  is  slightly  red  blind. 
The  diminution  is  greater  in  thevertical  meridian 
of  the  eye  than  in  the  horizontal,  and  it  dimin- 
ishes with  tjic  distance  from  the  fixation  point 
{Aubert  and  Fdrder).  These  observers  also 
state  that,  during  accommodation  for  a  distant 
object,  the  diminution  of  the  capacity  to  distin- 
guish brightness  and  colour  towards  the  peri- 
phery of  the  lens,  occurs  more  rapidly  than  with 
near  vision.  The  excitability  of  the  retina  for 
colours  and  brightness  is  greater  at  a  point 
ecjually  distant  from  the  fovea  centralis  on  the 
temporal  than  on  the  nasal  side  of  the  eye 
{Schiiii). 

Perimetric  Chart.  —If  the  arc  of  the  perimeter 
(fig.  559)  be  divided  into  90  degi-ees,  beginning  at 
the  hxation  point  (central  point),  and  proceeding 
to  L  and  M  (fig.  560) ;  and  if  a  series  of  con- 
centric circles  be  inscribed  on  this,  with  the 
point  of  fixation  as  their  centre,  we  can  con- 
struct a  topographical  chart  of  the  visual  capa- 
city of  the  normal  or  healthy  eye  from  the  data 
obtained  by  the  examination  of  the  retina. 
Fig.  560  is  an  example ;  the  thick  lines  indi- 
cate a  diseased  eye  the  corresponding  thi^i  lines  a  healthy  eye.    The  continuous  line  indicates 


Fig.  559. — Priestley  Smith's  perimeter. 


Fig.  560. 

Perimetric  chart  of  a  healthy  and  a  diseased  eye. 
the  limits  for  the  perception  of  white;  the  interrupted  Hue  that  for  hlue;  the  punctuated  and 
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intemipted  line  that  for  red ;  m  is  the  blind  spot 
of  colours  are  as  under : —   


In  the  uormal  eyo  the  limits  for  the  perception 


Externally, 
Internally,  . 
Upwards,  . 
Downwards, 


Blue. 

lied. 

Green. 

70°-8S° 
50°-60° 
45''-55° 

•65° 
60° 
45° 
60° 

60° 
50° 
40° 
50° 

40° 
40° 

30°-35° 
35° 

v.  Specific  Energy. — The  rods  and  cones  alone  are  enaowea  witn  wxiat  d  ouctuuoo 
Miilier  called  ''specific  energy i.e.,  they  alone  are  set  into  activity  by  the  ethereal 
vibrations,  to  produce  those  impulses  which  result  in  vision.  Mecliamcal  and 
electrical  stimuli,  however,  when  applied  to  any  part  of  the  course  of  the  nervous 
apparatus,  produce  visual  phenomena.  Mechanical  stimuli  are  more  intense  stimuli 
than  light  rays,  as  is  shown  by  performing  the  dark  pressure  figure  with  the  eyes 
open  (§  393,  5,  a),  whereby  the  circulation  in  the  retina  is  interfered  with  ;  in  the 
region  of  pressure,  we  cannot  see  external  objects  which  affect  the  retina  uniformly 

and  continuously.  •    i  i 

VI.  The  duration  of  the  retinal  stimulation  must  be  exceedingly  short,  as  the 
electrical  spark  lasts  only .0-000000868  second;  still,  as  a  general  rule,  a  shorter 
time  is  required,  the  larger  and  brighter  the  object  looked  at.  Alternate  stimu- 
lation with  light,  17  to  18  times  per  minute,  is  perceived  most  intensely  {Briiche). 
Further,  an  increase  or  diminution  of  0-01  part  of  the  intensity  of  the  light  is 
perceptible  (§  383).  A  shorter  time  is  required  to  perceive  yellow  than  is  required 
for  violet  and  red  ( Vierorclt).  The  retina  becomes  more  sensitive  to  light,  after  a 
person  has  been  kept  in  the  dark  for  a  long  time,  and  also  after  repose  during  the 
night.  If  light  be  allowed  to  act  on  the  eyes  for  a  long  time,  and  especially  if  it 
be  intense,  it  causes  fatigue  of  the  retina,  which  begins  sooner  in  the  centre  than 
in  the  periphery  of  the  organ  {Aubert).  At  first  the  fatigue  comes  on  rapidly  and 
afterwards  develops  more  slowly — it  is  most  marked  in  the  morning  {A.  Ficjc). 
The  periphery  of  the  retina  is  specially  characterised  by  its  capacity  for  distinguish- 
ing movements  (Exner). 

VII.  Visual  Purple. — The  mode  of  the  action  of  light  upon  the  end-organs  of 
the  retina  has  already  been  referred  to  (p.  739)  in  connection  with  the  "visual  'puri:>le" 
or  rhodopsin  {Boll,  Eiihne).  Kiihne  showed  that,  by  illuminating  the  retina,  actual 
pictures  {e.g.,  the  image  of  a  window)  could  be  produced  on  the  retina,  but  they 
gradually  disappeared.  From  this  point  of  view  we  might  regard  the  retina  as 
comparable,  to  a  certain  extent,  to  the  sensitive  plate  of  a  photographic  apparatus. 

Optogram. — The  visual  purple  is  formed  by  the  pigment-epithelium  of  the  retina.  Perhaps 
we  might  compare  the  process  to  a  kind  of  secretion.  The  visual  purple  may  be  restored  in  a 
retina  by  laying  the  latter  upon  living  choroidal  epithelium.  The  pigment  disappears  from 
the  mammalian  retina  by  the  action  of  light  GO  times  more  rapidly  than  from  the  retina  of  the. 
frog.  In  a  rabbit's  eyo,  whose  pupil  was  dilated  with  atropin,  Ewald  and  Kiihne  obtained  a 
sharp  picture  or  optogram  of  a  bright  object  placed  at  a  distance  of  24  cm.  from  the  eye — the 
image  was  "fixed  by  a  4  per  cent,  solution  of  alum.  Visual  purple  withstands  all  the  oxidising 
reagents  ;  zinc  chloride,  acetic  acid,  and  corrosive  sublimate  change  it  into  a  yellow  substance 
— it  becomes  white  only  through  the  action  of  light ;  the  dark  heat-rays  are  without  effect, 
while  it  is  decomposed  above  a  temperature  of  52°  C.  [As  visual  purple  is  absent  from  the 
cones,  and  cones  only  are  present  in  the  fovea  centralis,  we  cannot  explain  vision  by  optograms 
formed  by  the  visual  purple.] 

VIII.  Destruction  of  the  rods  and  cones  of  the  retina  causes  corresponding 
dark  spots  in  the  field  of  vision. 

396.  PERCEPTION  OF  COLOURS.— Physical.— The  vibrations  of  the  light-ether  are  per- 
ceived by  the  retina  only  within  distinct  limits.  If  a  beam  of  white  light,  e.g.,  from  the  sun, 
be  transmitted  through  a  prism,  the  light  rays  are  refracted  and  dispersed,  and  a  "prismatic 
spectrum"  is  obtained  (fig.  17).  White  light  contains  rays  of  very  different  wave-lengths  or 
periods  of  vibration.  The  dark  heat-rays,  whose  wave-length  is  0'00194  mm. ,  are  refracted  least 
{Fizeau).    They  do  not  act  upon  the  retina,  and  arc  therefore  invisible.    They  act,  however, 
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upon  sensory  nerves.  About  90  per  cent,  of  these  rays  is  absorbed  by  the  media  of  tlie  eye 
{Brilckc  and  Knoblauch).  From  Frauenliofor's  line,  A,  onwards,  the  oscillations  of  the  light- 
other  excite  the  retina  in  the  following  order  ■.—lied  with  481  billions  of  vibrations  per  second, 
oranc/e  with  532,  ydlow  with  563,  ()rccn  with  607,  I'luc  with  6.'j3,  indigo  with  676,  and  violet 
with  764  billion  vibrations  per  second.  The  aensation  of  colour  therefore  depends  on  the 
number  of  vibrations  of  the  light-ether,  just  as  the  pitch  of  a  note  depends  on  the  number  of 
vibrations  of  the  sounding  body  [Newton,  1704  ;  Hartley,  1772).  Beyond  the  violet  lie  the 
chemically  active  [actinic]  rays  of  the  spectrum.  After  cutting  out  all  the  sfiectrum,  including 
the  violet  rays,  v.  Helmholtz  succeeded  in  seeing  the  ultra-violet  rays,  which  had  a  feeble 
greyish-blue  colour.  The  heat-rays  in  the  coloured  part  of  the  spectrum  are  transmitted  by  the 
media  of  the  eye  in  the  same  way  as  through  water.  The  existence  of  the  ultra-violet  rays  is 
best  ascertained  by  the  phenomenon  of  fluorescence.  Von  Helmholtz,  on  illuminating  a  solution 
of  sulphate  of  quinine  with  the  ultra-violet  rays,  saw  a  bluish-white  light  proceeding  from  all 
parts  of  the  .solution  which  were  acted  on  by  the  ultra-violet  rays.  As  the  media  of  the  eye  them- 
selves exhibit  fluorescence  (u  Helmholtz),  they  must  increase  the  power  of  the  retina  to  distin- 
guish these  rays.    The  ultra-violet  rays  are  not  largely  absorbed  by  the  media  of  the  eye  {Brilckc). 

In  order  that  a  colour  be  perceived,  it  is  essential  that  a  certain  amount  of  light  fall  upon  the 
retina.  Blue,  when  at  the  lowest  degree  of  brightness,  gives  a  colour  sensation  with  an  amount 
of  light  which  is  sixteen  times  less  than  that  required  for  red  {Dohroiolosky). 

Intensity  of  the  Impression  of  Light. — While  light  of  dilferent  periods  of  vibration  applied 
to  the  eye  excites  the  different  sensations  of  colour,  the  amplitude  of  the  vibrations  (height  of 
the  waves)  determines  the  intensity  of  the  impression  of  light ;  just  as  the  loudness  of  a  note 
depends  on  the  amplitude  of  the  vibrations  of  the  sounding  body.  The  sun's  light  contains  all 
the  rays  which  excite  the  sensation  of  colour  in  us,  and  when  all  these  rays  fall  simultaneously 
upon  the  retina  we  experience  the  sensation  of  white.  If  the  colours  of  the  spectrum  obtained 
by  means  of  a  prism  be  reunited,  white  light  is  again  obtained.  If  no  vibrations  of  the  light- 
ether  reach  the  retina,  every  sensation  of  light  and  colour  is  absent,  but  we  can  scarcely  apply  the 
term  black  to  this  condition.  It  is  rather  the  absence  of  sensation,  such  as,  for  example,  is 
the  case  when  a  beam  of  light  falls  on  the  skin  of  the  back.  This  does  not  give  the  sensation 
of  black,  but  rather  that  of  no  sensation  of  light. 

Simple  and  Mixed  Colours. — "We  distinguish  simple  colours,  e.g.,  those  of  the 
spectrum.  In  order  to  perceive  these,  the  retina  must  be  excited  (set  into  vibration) 
by  a  distinct  number  of  oscillations  (see  above).  Further,  vpe  distinguish  "  mixed 
colours,"  whose  sensations  are  produced  when  the  retina  is  excited  by  two  or  more 
simple  colours,  simultaneously  or  rapidly  alternating.  The  most  complex  mixed 
colour  is  white,  which  is  composed  of  a  mixture  of  all  the  simple  colours  of  the 
spectrum. 

The  "  complementary  colours  "  are  important.  Any  two  colours  which  together 
give  the  sensation  of  white  are  complementary  to  each  other.  The  "  contrast  colours  ' 
are  mentioned  here  merely  to  complete  the  list.  They  are  closely  related  to  the 
complementary  colours.  Any  two  colours  which,  when  mixed,  supplement  the 
generally  prevailing  tone  of  the  light,  are  contrast  colours.  When  the  sky  is  blue, 
the  two  contrast  colours  must  be  bluish-white  :  with  bright  gaslight  they  must  be 
yellowish- white,  and  in  pure  white  light  of  course  all  the  complementary  are  the 
same  as  the  contrast  colours  {Briiche). 

Methods  of  Mixing  Colours. — 1.  Two  solar  specti-a  are  projected  upon  a  screen,  and  the 
spectra  ai  e  so  arranged  as  to  cause  any  one  part  of  one  spectrum  to  cover  any  part  of  the  other. 
2.  Look  obliquely  through  a  vertically  arranged  glass  plate  at  a  colour  placed  behind  it. 
Another  colour  is  placed  in  front  of  the  glass  plate,  so  that  its  image  is  also  reflected  into  the 
eye  of  the  observer  ;  thus,  the  light  of  one  colour  transmitted  through  the  glass  plate  and  the 
reflected  light  from  the  other  colour  reach  the  eye  simultaneously.  [Lambert's  Method.  — This 
is  easily  done  by  Lambert's  method.  Use  coloured  wafers  and  a  slip  of  glass ;  place  a  red  wafer 
on  a  sheet  of  black  paper,  and  about  3  inches  behind  it  another  blue  one.  Hold  the  plate  of 
glass  midway  and  vertically  between  them,  and  so  incline  the  glass  that,  while  looking;  through 
it  at  the  red  wafer,  a  reflected  image  of  the  blue  one  will  be  projected  into  the  eye  in  the  same 
direction  as  that  of  the  red  imago,  when  we  have  the  sensation  of  purple.] 

3.  A  rotatory  disc,  with  sectors  of  various  colours,  is  rapidly  rotated  in  front  of  the  eyes.  _  On 
rapidly  rotating  the  coloured  disc,  the  impressions  produced  by  the  individual  colours  are  uuiteil 
to  produce  a  mixed  colour.  If  the  rotating  disc,  wdiich  yields,  let  us  suppose,  white,  on  mixing 
the  colours  of  the  spectrum,  be  reflected  in  a  rapidly  rotating  mirror,  then  the  individual 
components  of  the  white  reappear. 

4,  Place  in  front  of  each  of  the  small  holes  in  the  cardboard  used  for  Scheiner's  experiment 
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(Kc  537)  two  differently  coloured  pieces  of  glass  ;  the  coloured  rays  of  light  passing  through 


complementary,  i.e.,  every  pair  gives  rise  to  white  :- 
Red  and  greenish-blue, 
Yellow  and  indigo-blue, 

.hile  green  has  the  compound  con^lement^  ^^^^t  Shi^'t S;  top  of  the  vertical 


Orange  and  Cyan-blue, 
Greonish-yellow  and  violet, 


'  Th Remixed  colours  may  be  determined  from  the  following  table.   


Red 
Orange 
Yellow 
Gr. -yellow 
Green 

Bluish-green 
Cyan-blue 


Violet. 


Purple 

Dk.-rose 

Wh.-roso 

White 

White-blue 

Water-blue 

Indigo 


Indigo. 

Cyan-blue. 

Bluish- 
green. 

Green. 

Greenish- 
yellow. 

Yellow. 

Dk.-rose 

Wli.-rose 

White 

Wh.-green 

Water-blue 

Water-blue 

Wh.-roae 

White 

Wh.-green 

Wh.-green 

Bl.-green 

White 
Wh.-yellow 
Wh.-yellow 
Green. 

Wh.-yellow 
Yellow 
Gr. -yellow 

Gold-yellow 
Yellow 

Orange 

The  following  results  have  been  obtained  from  observations  on  the  mixture  of 

''^ l^'lVt^o  simple,  but  non-complementary,  spectral  colours  be  mixed  with  each 
other  they  give  rise  to  a  colour  sensation,  which  may  be  represented  by  a  colour 
Ivin-'in  the  spectrum  between  both,  and  mixed  with  a  certain  quantity  of  white. 
Hence  we  may  produce  every  impression  of  mixed  colours  by  a  colour  of  the  spec- 
trum -t-  white  (Grassman).  .i  -j  t 
2  The  less  white  the  colours  contain,  the  more  «  saturated  they  are  said  to 
be  •  the  more  white  they  contain,  the  more  unsaturated  do  they  appear,  ihe 
saturation  of  a  colour  diminishes  with  the  intensity  of  the  illumination. 

Geometrical  Colour  Table. -Since  the  time  of  Newton,  attempts  have  been  made  to  construct 
a  so-called  "  geometrical  colour  table,"  which  will  enable  any  mixed  colour  to  be  readily  found. 
Fig.  561  shows  such  a  colour  table ; 
white  is  placed  in  the  middle,  and  from 
it  to  every  point  in  the  curve^ — which  is 
marked  with  the  names  of  the  colours, 
— suppose  each  colour  to  be  so  placed 
that,  proceeding  from  white,  the  colours 
are  arranged,  beginning  with  the  bright- 
est tone,  always  followed  by  the  most 
saturated  tone,  until  the  pure  saturated 
spectral  colour  lies  in  the  point  of  the 
curve  marked  with  the  name  of  the 
colour.  The  mixed  colour,  purple,  is 
placed  between  violet  and  red.  In  order 
to  determine  from  this  table  the  mixed 
colour  of  any  two  spectral  colours,  unite 
the  points  of  these  colours  by  a  straight 
line.  Suppose  weights  corresponding  to 
the  units  of  intensity  of  these  colours, 
to  be  placed  on  both  points  of  the  curve 
indicating  colours,  then  the  position  of 
the  centre  of  gravity  of  both  in  the  line 
connecting  the  colours  indicates  the  posi- 
tion of  the  mixed  colour  in  the  table.  The  mixed  colour  of  two  spectral  colours  always  lies  in 
the  colour  table  in  the  straight  line  connecting  the  two  colour  points.  Further,  the  impression 
of  the  mixed  colour  corresponds  to  an  intermediate  spectral  colour  mixed  with  white.  The 
complementary  colour  of  any  spectral  colour  is  found  at  once  by  making  a  line  from  the  point 
of  this  colour  through  white,  until  it  intersects  the  opposite  margin  of  the  colour  table  ;  the 
point  of  intersection  indicates  the  complementary  colour.  If  pure  white  be  produced  by  mixing 
two  complementary  colours,  the  colour  lying  nearest  white  on  the  connecting  line  must  be 
specially  strong,  as  then  only  would  the  centre  of  gravity  of  the  lines  uniting  both  colours  lie 
in  the  point  marked  white. 


Violet 


Cyan  blue 


Yellow 


Oranare 


Red 


Fig.  561. 
Geometrical  colour  cone  or  table. 
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By  means  of  tho  colour  table  wo  may  asuertaiu  the  -nvixcd  colour  of  three  or  more  colours 
For  example  it  is  i;e|iuirod  to  Imd  the  mix.d  colour  resulting  from  the  union  of  the  point,  a 
(pale  yellow),  /;  (Imrly  saturated  bluish-green),  and  c  (fairly  saturated  blue).  On  the  three 
points  place  weights  (xirresponding  to  their  intensities,  and  ascertain  the  centre  of  crravitv  of  the 
weight,  a,  b,  c.  ■  It  will  he  at  p  It  is  obvious,  however,  that  the  impression  rff  this  mixed 
colour,  whitish  green-blue,  can  bo  produced  by  green-blue  -f  white,  so  that?;  may  be  also  the 
centre  ot  gravity  of  two  weiglits,  which  lie  in  the  lino  eoiinecting  white  and  tneeii-blue 

We  may  describe  a  trianglo;  V,  Gr,  R,  about  the  colour  table  so  as  to  enclose  it  completely. 
The  three  iundamental  or  primary  colours  lie  in  the  angles  of  this  triangle,  red,  green,  violet. 
It  is  evident  tliat  each  of  the  coloured  impressions,  i.e.,  any  point  of  the  colour  table,  may  be 
determined  by  placing  weights  corresponding  to  the  intensity  of  the  in-imam  coIouth  at  the 
angles  of  the  triangle,  so  that  the  point  of  the  colour  table,  or  what  is  the  same  thintr,  the 
desired  mixed  colour  is  the  centre  of  gravity  of  the  triangle  with  its  angles  weighted  as  above, 
ihe  intensity  of  the  three  primary  colours,  in  order  to  produce  the  mixed  colour,  must  be  re- 
presented in  the  same  proportion  as  the  weights. 

Theories.— Various  theories  have  been  proposed  to  account  for  colour  sensation. 

1.  According  to  one  theory,  colour  sensation  is  produced  by  one  kind  of  element  present  in 
the  retina  being  excited  in  different  ivays  by  light  of  different  colours  (oscillations  of  the  light- 
ether  of  diflerent  wave-lengths,  number  of  vibrations,  and  refractive  indices), 

2.  Young-Helmholtz  Theory.— The  theory  of  Thomas  Young  (1807)  and  v. 
Helmholtz  (1852)  assumes  that  three  different  kinds  of  nerve-elements,  correspond- 
ing to  the  three  primary  colours,  are  present  in  the  retina.  Stimulation  of  the 
first  kind  causes  the  sensation  of  red,  of  the  second  green,  and  of  the  third  violet. 

The  elements  sensitive  to  red  are  most  strongly  excited  by  light  with  the  longest  wave- 
length, the  red  rays  ;  those  for  green  by  medium  wave-lengths,"  green  rays  ;  those  for  violet  by 
the  rays  of  shortest  wave-length,  violet  rays.  Further,  it  is  assumed,  in  order  to  explain  a 
number  of  iihenomena,  that  cveiij  colour  of  the  siyectrimi  excites  all  the  kinds  of  fibres,  some  of 


them  feebly,  others  strongly.  Suppose  in  fig.  562  the  colours  of  the  spectrum  are  arranged  in  their 
natural  order  from  red  to  violet  horizontally,  then  the  three  curves  raised  upon  the  abscissa 
might  indicate  the  strength  of  the  stimulation  of  the  three  kinds  of  retinal  elements.  The 
continuous  curve  corresponds  to  the  rays  producing  the  sensation  of  red,  the  dotted  line  that 
of  green,  and  the  broken  line  that  of  violet.  Pure  red  light,  as  indicated  by  the  height  of  the 
ordiuates  in  R,  strongly  excites  the  elements  sensitive  to  red,  and  feebly  the  other  two  kinds 
of  terminations,  resulting  in  the  sensation  of  red.  Simple  yellow  excites  moderatel)'^  the 
elements  for  red  and  green,  and  feebly  those  for  violet  =  sensation  of  yelloiv.  Simple  green 
excites  strongly  the  elements  for  green,  but  much  more  feebly  the  two  other  kinds  =  sensation 
of  green.  Simple  blue  excites  to  a  moderate  extent  the  elements  for  green  and  violet ;  more 
feebly  those  for  red  =  sensation  of  blue.  Simple  violet  excites  strongly  the  corresponding 
elements,  feebly  the  others  =  sensation  of  violet.  Stimulation  of  any  two  elements  excites  the 
impression  of  a  mixed  colour  ;  while,  if  all  of  them  be  excited  in  a  nearly  equal  degree,  the 
sensation  of  white  is  produced.  As  a  matter  of  fact,  the  Young-Helmholtz  theory  gives  a 
simple  explanation  of  the  phenomena  of  the  physiological  doctrine  of  colour.  It  has  been 
attempted  to  make  the  results  obtained  by  examination  of  the  structure  of  the  retina  accord 
with  this  view.  According  to  Max  Schultze,  the  cones  alone  are  end-organs  connected  with 
the  perception  of  colour.  The  presence  of  longitudinal  striation  in  their  outer  segments  is 
regarded  as  constituting  them  multiple  terminal  end-organs.  Our  power  of  colour  sensation, 
SD  far  as  it  depends  on  the  retina,  would,  on  this  view  of  the  matter,  bear  a  relation  to  the 
number  of  cones.  The  degi-ee  of  colour  sensation  is  most  developed  in  the  macula  lutea,  which 
contains  only  cones,  and  diminishes  as  the  distance  from  the  point  increases,  while  it  is  absent 
in  the  peripheral  parts  of  the  retina.  The  rods  of  tho  retina  are  said  to  be  concerned  only  with 
the  capacity  to  distinguish  between  quantitative  sensations  of  light. 

3.  Hering's  Theory. — Ew.  Hering,  in  order  to  explain  the  sensation  of  light,  proceeds  from 
the  axiom  stated  under  1,  p.  775.  What  we  are  conscious  of,  and  call  a  visual  sensation,  is 
the  phy.sical  expression  for  the  metabolism  in  the  visual  substance  {" Schsubstanz"),  i.e., 
in  those  nervc-raasses  which  are  excited  in  the  process  of  vision.    Like  every  other  corporeal 
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nuatter,  this  substance  during  the  activity  of  the  metabolic  process  ^^f  new 
■  disassimilation"  ;  while  during  rest  it  must  be  again  renewed,  or  assimilate  now 
mateS  Hlrg  Assumes  that  Ibr  the  perception  of  white  and  black  two  difievent  qual.Ues 
T+hP  cheniical  processes  take  place  in  the  visual  substance,  so  that  the  sensation  ot  white 
:  r  cspoidTto  tC  SbLu^^^^  (decomposition),  and  that  of  black  to  the  assimJa  ion 
,°  sS  on)  of  the  visual  substance.  According  to  this  view,  the  diilerent  degrees  of  distmct- 
eW  o  intensity  with  which  these  two  sensations  appear,  occur  in  the  several  transitions  between 
nure  white  and  deep  black  ;  or,  the  proportions  in  which  they  appear  to  bo  mixed  (grey) 
^^^spond  to  the  intensity  oi  these  two  psycho-physical  processes.  Thus,  the  consump  on 
and  restitution  of  matter  in  the  visual  substance  are  the  primary  processes  in  the  sensation  o 
white  and  black.  In  the  production  of  the  sensation  of  white,  the  consumption  of  the  visual 
substance  is  caused  by  the  vibrating  ethereal  waves  acting  as  the  discharging  force  or  stimulus, 
while  the  degree  of  the  sensation  of  whiteness  is  proportional  to  the  quantity  of  the  mattei 
consumed  The  process  of  restitution  discharges  the  sensation  of  black ;  the  more  rapiUly  it 
occurs  the  stronger  is  the  sensation  of  black.  The  consumption  of  the  visual  substance  at  mie 
place  'causes  a  greater  restitution  in  the  adjoining  parts.  Both  processes  influence  each  other 
simultaneously  and  conjointly.  [In  the  production  of  a  visual  sensation,  it  is  important  to 
remember  that  the  condition  of  one  part  of  the  retina  influences  contemporaneously  the 
condition  of  adjoining  parts  of  the  retina,  i.e.,  "  the  sensation  which  arises  through  the 
stimulation  of  any  given  point  of  the  retina,  is  also  a  function  of  the  state  of  other  ininiediately 
contiguous  points."]  This  explains  physiologically  the  phenomenon  of  contrast  ot  which  the 
old  vfew  could  give  only  a  psychical  interpretation  (p.  782).  ..  ^  i 

Similarly  colour  sensation  is  regarded  as  a  sensation  of  decomposition  (disassimilation)  anil 
of  restitution  (assimilation);  in  addition  to  white,  red  and  yellow  are  the  expression  of 
decomposition  ;  while  green  and  blue  represent  the  sensation  of  restitution  Thus,  the  visual 
substance  is  subject  to  three  difl-erent  ways  of  chemical  change  or  metabolism.  We  may 
explain  in  this  way  the  coloured  phenomena  of  contrast  and  the  complementary  atter-images. 
The  sensation  of  black-white  may  occur  simultaneously  with  all  colours;  hence,  every  colour 
sensation  is  accompanied  by  that  of  dark  or  bright,  so  that  we  cannot  have  an  absolutely  pure 
colour.  There  are  three  different  constituents  of  the  visual  substance  ;  that  connected  witli 
the  sensation  of  black-white  (colourless),  that  with  blue-yellow,  and  that  with  red-green. 
All  the  rays  of  the  visible  spectrum  act  in  disassimilating  the  black-white  substance,  but  the 
different  rays  act  in  different  degrees.  The  blue-yellow  or  the  red-green  substances,  on  the 
other  hand,  are  disassimilated  only  by  certain  rays,  some  rays  causing  assimilation,  whilst 
others  are  inactive.  Mixed  light  appears  colourless  when  it  causes  an  equally  strong  dis- 
assimilation and  assimilation  in  the  blue-yellow  and  in  the  red-green  substance,  so  that  the 
two  processes  mutually  antagonise  each  other,  and  the  action  on  the  black-white  substance 
appears  pure.  Two  objective  kinds  of  light,  which  together  yield  white,  are  not  to  be 
regarded  as  complementary,  but  as  antagonistic,  kinds  of  light,  as  they  do  not  supplement 
each  other  to  produce  white,  but  only  allow  this  to  appear  pure,  because,  being  antagonistic, 
they  mutually  prevent  each  other's  action. 

The  imperfection  of  the  Young-Helmholtz  theory  of  colour  sensation  is  that  it  recognises 
only  one  kind  of  excitability,  excitement,  and  fatigue  (corresponding  to  Hering's  disassimilation), 
and  that  it  ignores  the  antagonistic  relation  of  certain  light  rays  to  the  eye.  It  does  not  regard 
white  as  consisting  of  complementary  light  rays,  which  neutralise  each  other  by  their  action  on 
the  coloured  visual  substance,  but  as  uniting  to  form  white  {Bering). 

[While  it  suffices  to  explain  a  great  many  of  the  phenomena  of  light  and  colour,  e.g.,  the 
mixing  of  colours  and  complementary  colours,  it  does  not  satisfactorily  explain  contrast  or 
colour-blindness.  Fick  admits  that  it  does  not  explain  the  following  important  fact : — Every 
ray  of  light,  while  exciting  a  colour  sensation  if  it  falls  on  a  sufficient  area  of  the  posterior 
polar  part  of  the  eyeball,  provided  it  acts  on  an  extremely  limited  part  of  the  retina,  even  if 
it  be  coloured  light,  produces  a  whitish  impression.  This  is  exactly  the  opposite  of  what  we 
should  expect,  viz.,  the  smaller  the  area  of  retina  acted  on,  the  more  readily  should  the  parti- 
cular nerve-ending  be  excited  and  a  pure  colour  sensation  result] 

In  applying  this  theory  to  colour-blindness  (§  397),  we  must  assume  that  those 
who  are  red-blind  want  the  red-green  visual  substance  ;  there  are  but  two  partial 
spectra  in  their  solar  spectrum,  the  black-white  and  the  yellow-blue.  The  position 
of  green  appears  to  such  an  one  to  be  colourless  ;  the  rays  of  the  red  part  of  the 
spectrum  are  visible,  so  far  as  the  sensation  of  yellow  and  white  produced  by  these 
rays  is  strong  enough  to  excite  the  retina.  Hering  divides  his  spectrum  into  a 
yellow  and  a  blue  half.  A  violet-blind  person  wants  the  yellow-blue  visual  substance ; 
in  his  spectrum  there  are  only  two  partial  spectra,  the  black-white  and  the  red-green. 
In  cases  of  complete  colour-blindness,  the  yellow-blue  and  red-green  substances 
are  absent.    Hence,  such  a  person  has  only  the  sensation  of  bright  and  dark.  The 
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sensibility  to  liglit  and  the  length  of  the  spectrum  are  retained  ;  the  brightest  part 
in  this  case,  as  in  the  normal  eye,  is  in  the  yellow  ( Jfering). 

397.  COLOTIR-BLINDNESS  AND  ITS  PRACTICAL  IMPORTANCE - 

Causes.— By  the  term  colour-blindness  (dyschromatopsy)  is  meant  a  pathological 
condition  in  which  some  individuals  are  unable  to  distinguish  certain  colours. 
Huddart  (1777)  was  acquainted  with  the  condition,  but  it  was  first  accurately 
described  by  Dalton  (1794),  who  himself  was  red-blind.  The  term  colour-blindness 
was  given  to  it  by  Brewster. 

The  supporters  of  the  Youiig-Helmholtz  theory  assume  that,  corresponding  to  the  paralysis 
ot  the  three  colour-perceiving  elements  of  the  retina,  there  are  the  following  kinds  of  colour- 
blindness : — 

1.  Red-blindness.    2.  Green-blindness.    3.  Violet-blindness. 
The  highest  degree  being  termed  complete  colour-blindness. 

The  supporters  of  E.  Heriug's  theory  of  colour  sensation  distingui-sh  the  following  kinds  •— 

1.  Complete  Colour-blindness  (Achromatopsy).— -The  spectrum  appears  achromatic  ;  ' the 
position  of  the  greenish-yellow  is  the  brightest,  while  it  is  darker  on  both  sides  of  it.  A 
coloured  picture  appears  like  a  photograph  or  an  engi-aving.  Occasionally  tlie  different  degrees 
of  light  intensity  are  perceived  in  one  shade  of  colour,  e.g.,  yellow,  which  cannot  be  corupared 
with  any  other  colour.  0.  Becker  and  v.  Hippel  observed  cases  of  unilateral  congenital  com- 
plete colour-blindness,  whilst  the  other  eye  was  normal  for  colour-perception. 

2.  Blue-yellow  Blindness. — The  spectrum  is  dichromatic,  and  consists  only  of  red  and  green. 
The  blue-violet  end  of  the  spectrum  is  usually  greatly  shortened.  In  pure  cases  only  the  red 
and  green  are  correctly  distinguished  (Mauthncr's  erythrochloropy),  but  not  the  other  colours. 
Unilateral  cases  have  been  observed. 

3.  Ked-green  Blindness.— The  specti-um  is  also  dichromatic.  Yellow  and  blue  are  correctly 
distinguished  ;  violet  and  blue  are  both  taken  for  blue.  The  sensations  for  red  and  green  are 
absent  altogether.  There  are  several  forms  of  this — (a)  Green-blindness,  or  the  red-green 
blindness,  with  undiminished  spectrum  (Mauthuer's  xanthokyanopy),  in  which  bright-green  and 
dark-red  are  confounded.  In  the  spectrum  yellow  abuts  directly  on  blue,  or  between  the  two, 
at  most,  there  is  a  strip  of  grey.  The  maximum  of  brightness  is  in  the  yellow.  It  is  often 
unilateral  aud  often  hereditary.  (&)  Eed-blindness  (or  the  red-green  blindness  with  undi- 
minished spectrum,  also  called  Daltonism),  in  which  bright-red  and  dark -green  are  confounded. 
The  spectrum  consists  of  yellow  and  blue,  but  the  yellow  lies  in  the  orange.  The  red  end  of 
the  spectrum  is  uncoloiu-ed,  or  even  dark.  The  greatest  brightness,  as  well  as  the  limit  betAveeu 
yellow  and  blue,  lies  more  towards  the  right. 

4.  Incomplete  colour-blindness,  or  a  diminished  colour  sense,  indicates  the  condition  in 
which  the  acuteness  of  colour  perception  is  diminished,  so  that  the  colours  can  be  detected  only 
in  large  objects,  or  only  when  they  are  near,  and  when  they  are  mixed  with  white  they  no 
longer  appear  as  such.  A  certain  degree  of  this  form  is  frequent,  iu  as  far  as  many  persons  are 
unable  to  distinguish  greenish-blue  from  blui.sh -green. 

Acquired  colour-blindness  occurs  in  diseases  of  the  retina  and  atrophy  of  the  optic  nerve  in 
commencing  tabes,  in  some  forms  of  cerebral  disease  (p.  713),  and  intoxications.  At  first 
green-bliudness  occurs,  which  is  soon  followed  by  red-blindness.  The  peripheral  zone  of  the 
retina  suffers  sooner  than  the  central  area.  In  hysterical  persons  there  may  be  intermittent 
attacks  of  colour-blindness  {Charcot)  ;  and  the  same  occurs  in  hypnotised  persons  (p.  686). 

H.  Cohn  found  that,  on  heating  the  eyeball  of  some  colour-blind  pei-sous,  the  colour-blind- 
ness disappeared  temporarily.  Occasionally  in  persons  without  a  lens  red  vision  is  present,  and  is 
due  to  unknown  causes.  Percentage. — Holmgi-en  found  that  2  "7  per  cent,  of  persons  were 
colour-blind,  most  being  red  and  green  blind,  and  very  few  violet  blind. 

Limits  of  Normal  Colour-blindness. — The  investigations  on  the  power  of  colour  perception 
in  the  normal  retina  are  best  carried  out  by  means  of  Aubert-Forster's  perimeter,  or  that  of 
M 'Hardy  (§  395).  It  is  found  that  our  colour  perception  is  complete  only  in  the  middle  of  the 
field  of  vision.  Around  this  is  a  middle  zone,  in  which  only  blue  and  yellow  are  perceived,  in 
which,  therefore,  there  is  red  blindness.  Outside  this  zone,  there  is  a  peripheral  girdle,  where 
there  is  complete  colour-blindness  (§  395).  Hence  a  red-blind  person  is  distinguished  from  a 
person  with  normal  vision,  in  that  the  central  area  of  the  normal  field  of  vision  is  absent  in  the 
former,  this  being  rather  included  in  the  middle  zone.  The  field  of  vision  of  a  green-blind 
person  differs  from  that  of  a  person  with  normal  vision,  in  that  his  peripheral  zone  corresponds 
to  the  intermediate  and  peripheral  zones  of  the  normal  eye.  The  violet-blind  person  is  dis- 
tinguished by  the  complete  absence  of  the  normal  peripheral  zone.  The  incomplete  colour- 
blindness of  these  two  kinds  is  characterised  by  a  uniformly  diminished  central  field.  [When 
very  intense  colours  are  used,  such  as  those  of  the  solar  spectrum,  the  retina  can  distinguish 
them  quite  up  to  its  margin  (Landolt).  ] 
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iSeri'vetW  the  yellow  vision,  i.e.,  seeing  objects  yellow,  to  an  incvcase  of  tl>e  yellow 

^'"Whei  colom-ero^l'cJfa^  vcvy  small,  and  illuminated  only  for  a  short  the  noi^^^^^^^ 
first  fa  s  to  perceive  red  ;  hence,  it  appears  that  a  stronger  stinutl us  is  lequ.^^^^^^^ 

Px-rite  ihe  sensation  of  red.  Briicke  found  that  very  rapidly  intermittent  white  light  is  per- 
ceived a^^l'^^^^^^^^^^  the  short  duration  of  the  stimulation  fails  to  excite  the  elements  of 

^rThfiraSTStS^^^^^^^  was  pointed  out  by  George  Wilson,  and  agaiu 

„,o?e  reSy  by  KSv^  No  person  should  be  employed  in  the  marine  or  railway  service 
until  he  has  been  properly  certified  as  able  to  distinguish  red  from  green. 

Methods  of  TestinI  Colour-blindness. -Following  Seebeck,  Holmgren  used  small  skems  of 
coSSedtools  as  S^^^^^^  material,  in  red,  orange,  yellow  g-^^^^y-^  l7',g;^!"' f '^^'J^^^^f 
blue,  blue,  violet,  purple,'rose,  brown,  grey.  There  are  five  hnely  §■•^5^^'^^.^'^,'^;^  ^t- 
the  above  colours  When  testing  a  person,  select  only  one  skein-cfif.,  a  bright  red  or  lose 
}^)ni  thrnSs  of  ;oloured  wools  placed  in  front  of  him,  and  place  it  aside,  askmg  him  to  seek 
nnt-  those  skeins  which  he  supposes  are  nearest  to  it  in  colour.  n    ,  ■   4.  -4.1 

Macrand  Nac^  measured  the  acuteness  of  vision  by  illuminating  a  small  object  ^^^tli 

different  mrts  of  the  spectrum.  They  compared  the  observations  on  red  and  green-blmd 
J  Sons  wfth  tbeh-  own  results,  and  fouu^d  that  a  red-blind  person  perceives  green  l^glj  ^P^^i 
Eter  than  it  appears  to  a  normal  person.  The  green-bhnd  had  an  excessive  sensibility  ioi 
red  and  violet.  It  appears  that  what  the  colour-blind  lose  m  perceptive  power  for  one  colour 
they  gain  for  another.    They  have  also  a  keen  sense  for  variations  m  brightness. 

398  STIMULATION  OF  THE  RETINA.— As  with  every  other  nervous 
apparatus  a  certain  but  determinable  time  elapses  after  the  rays  of  light  fall  upon 
the  eye  before  the  action  of  the  light  takes  place,  whether  the  light  acts  so  as  to 
produce  a  conscious  impression,  or  produces  merely  a  reflex  effect  upon  the  pupil. 
The  strength  of  the  impression  produced  depends  partly  and  chiefly  upon  the 
excitability  of  the  retina  and  the  other  nervous  structures.  If  the  light  acts  for  a 
long  time  with  equal  intensity,  the  excitation,  after  having  reached  its  culminating 
point,  rapidly  diminishes  again,  at  first  more 
rapidly,  and  afterwards  more  and  more  slowly. 

[When  the  retina  is  stimulated  by  light, 
there  is  (1)  an  effect  on  the  rhodopsin  (p.  740). 
(2)  The  electro-motive  force  is  diminished 
(§  332).  (3)  The  processes  of  the  hexagonal 
pigment-cells  of  the  retina  dipping  between 
the  rods  and  cones  are  affected;  thus  they  are 
retracted  in  darkness,  and  protruded  in  the 
light  (fig.  563).  (4)  Engelraann  has  shown 
that  the  length  and  shape  of  the  cones  vary 
with  the  action  of  light.  The  cones  are  re- 
tracted in  darkness  and  protruded  under  the 
influence  of  light  (fig.  563).    This  alteration 

in  the  shape  of  the  cones  takes  place  even  if  ^         ^ig.  563.  2. 

the  light  acts  on  the  skin,  and  not  on  the  eye-  The  cones  of  the  retina  and  pigment-cells 
ball  at  all.]  (of  the  frog)  as  affected  by  light  and 

After-Imaffes.— If  the  light  acts  on  the     darkness:   1.  after  two  days  in  dark- 
£  °-  4.         •<.„  +1,^  ness;  2.  after  ten  minutes  in  daylight, 

eye  for  some  time  so  as  to  excite  the  retina,  '  ° 

and  if  it  be  suddenly  withheld,  the  retina  still  remains  for  some'time  in  an  excited 
condition,  which  is  more  intense  and  lasts  longer,  the  stronger  and  the  longer  the 
light  may  have  been  applied,  and  the  more  excitable  the  condition  of  the  retina. 
Thus,  after  every  visual  perception,  especially  if  it  is  very  distinct  and  bright, 
there  remains  a  so-called  "  after-image."  We  distinguish  a  "  positive  after- 
image," which  is  an  image  of  similar  brightness,  and  a  similar  colour. 
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_  Thiit  the  iniiirossiou  of  any  picture  reinuins  for  some  time  upon  the  eye 
logical  phonoiiionon  ;  when  such  an  impression  can  be  seen  for  a  long  time,  it  be 

logical.    Tlio  weaker  the  eye  is,  the  longer  the  image  remains  upon  it.    The  re„...  , 

recover  itself  so  iiuickly,  and  wo  may  regard  the  action  as  a  kind  of  paralysis.    This  is  not  t" 
bo  wondered  at  in  the  case  of  dazzling  pictures.    After  looking  at  the  sun,  the  ima"e  may 
remain  on  the  retina  for  several  days.    A  similar  result  sometimes  occurs  with  pictures  which 
are  not  dazzling.    Busch  records  that  the  impression  of  an  engraving,  with  all  its  details 
remained  on  his  eye  for  17  minutes  "  (Oocthc).  ' 

Experiments  and  Apparatm  for  Positive  After-images.— 1.  When  a  burning  stick  is  rapidly 
rotated,  it  appears  as  a  liery  circle. 

2.  The  phanakistoBcope  [Plateau)  or  the  stroboBcopic  discs  (Slam2)/er).  Upon  a  disc  or 
cylinder,  a  series  of  objects  is  so  depicted  that  successive  drawings  represent  individual  factors 
of  one  continuous  movement.  On  looking  through  an  opening  at  such  a  di.sc  rotated  rapidly, 
we  see  pictures  of  the  different  phases  moving  so  quickly  that  each  rapidly  follows  the  one  in 
front  of  it.  As  the  impression  of  the  one  picture  remains  until  the  following  one  takes  its 
place,  it  has  the  appearance  as  if  the  successive  phases  of  the  movement  were  continuous,  and 
one  and  the  same  figure.  The  apparatus  under  the  name  of  zoetrope,  which  is  extensively  used 
as  a  toy,  is  generally  stated  to  have  been  invented  in  1832.  It  was  described  by  Cardan  us  in 
1550.  It  may  be  used  to  represent  certain  movements,  e.g.,  of  the  spermatozoa  and  ciliary 
motion,  the  movements  of  the  heart  and  those  of  locomotion. 

3.  The  colour  top  contains  on  the  sectors  of  its  disc  the  colours  which  are  to  be  mixed.  As 
the  colour  of  each  sector  leaves  a  condition  of  excitation  for  the  whole  duration  of  a  revolution, 
all  the  colours  must  be  perceived  simultaneously,  i.e.,  as  a  mixed  colour. 

[Illusions  of  Motion. — Silvanus  P.  Thompson  points  out  that  if  a  series  of  concentric  circles 
in  black  and  white  be  made  on  paper,  and  the  sheet  on  which  the  circles  are  drawn  be  moved 
with  a  motion,  as  if  one  were  rinsing  out  a  pail,  but  with  a  very  minute  radius,  then  all  the 
circles  appear  to  rotate  with  the  same  angular  velocity  as  that  imparted.  Professor  Thompson 
has  contrived  other  forms  of  this  illusion,  in  the  form  of  strobic  discs.] 

Negative  After-images. — Occasionally,  when  the  stimulation  of  the  retina  is 
strong  and  very  intense,  a  "  negative,"  instead  of  a  positive  after-image,  appears.  In 
a  negative  after-image,  the  bright  parts  of  the  object  appear  dark,  and  the  coloured 
parts  in  corresponding  contrast  colours  (p.  774). 

Examples  of  Negative  After-images.  — After  looking  for  a  long  time  at  a  dazzlingly-illuminated 
white  window,  on  closing  the  eye.s  we  have  the  impression  of  a  bright  cross,  or  crosses,  as  the 
case  may  be,  with  dark  panes. 

Negative  coloured  after-images  are  beautifully  shown  by  Norrenberg's  apparatus.  Look 
steadily  at  a  coloured  surface,  e.g. ,  a  yellow  board  with  a  small  blue  square  attached  to  the 
centre  of  its  surface.  A  white  screen  is  allowed  to  fall  suddenly  in  front  of  the  board — the  white 
surface  now  has  a  bluish  appearance,  with  a  yellow  square  in  its  centre. 

The  usual  explanation  of  dark  negative  after-images  is  that  the  retinal  elements  are  fatigued 
by  the  light,  so  that  for  some  time  they  become  less  excitable,  and  consequently  light  is  but 
feebly  perceived  in  the  corresponding  areas  of  the  retina ;  hence,  darkness  prevails. 

Hering  explains  the  dark  after-images  as  due  to  a  process  of  assimilation  in  the  black-white 
visual  substance.  In  explaining  coloured  after-images,  the  Young-Helmholtz  theory  assumes 
that,  under  the  action  of  the  light  waves,  e.g.,  red,  the  retinal  elements  connected  with  the 
perception  of  this  colour  are  paralysed.  On  now  looking  suddenly  on  a  white  surface,  the 
mixture  of  all  the  colours  appears  as  white  minus  red,  i.  e. ,  the  white  appears  green.  In  bright 
daylight  the  contrast  ^colour  lies  very  near  the  complementary  colour.  According  to  Hering, 
the  contrast  after-image  is  explained  by  the  assimilation  of  the  corresponding  coloured  visual 
.substance,  in  this  case,  of  the  "i-ed-green"  (§  397).  From  the  commencement  of  a  momentary 
illumination  until  the  appearance  of  an  after-image,  Q'Mi:  sec.  elapses  {v.  Vintschgau  and 
Luslig). 

Not  unfrequently,  after  intense  stimulation  of  the  retina,  positive  and  negative 
after-images  alternate  with  each  other  until  they  gradually  fuse.  After  looking  at 
the  dark-red  setting  sun  we  see  alternate  discs  of  red  and  green. 

The  phenomena  of  contrast  undergo  some  modification  in  the  peripheral  areas  of 
the  retina,  owing  to  the  partial  colour-blindness  which  occurs  in  these  areas 
(Adamiick  and  Woinmu). 

Irradiation  is  the  term  applied  to  certain  phenomena  where  we  form  a  false 
estimate  of  visual  impressions,  owing  to  inexact  accommodation.  If,  from  inexact 
accommodation,  the  margins  of  the  object  are  projected  upon  the  retina  in  diffusion 
circles,  the  mind  tends  to  add  the  undefined  margin  to  those  parts  of  the  visual 
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imat^e  which  are  most  prominent  in  the  image  itself.  What  is  brujht  appears 
larger  and  overcomes  what  is  dark,  while  an  object,  without  reference  to  brightness 
or  colour,  has  the  same  relation  to  its  background 
(fig.  564).  When  the  accommodation  is  quite 
accurate,  the  phenomenon  of  irradiation  is  not 


Fig.  564.  Fig.  565. 

For  irradiation.  For  irradiation. 

present.    [On  looking  at  fig.  585  from  a  distance,  the  white  squares  appear  larger 

and  as. if  they  were  united  by  a  white  band,] 

"  A  dark  object  appears  smaller  than  a  bright  one  of  the  same  size.  On  Rooking  at  the  same 
time  from  a  certain  distance  at  two  circles  of  the  same  size,  a  white  one  on  a  black  background, 
and  a  black  on  a  white  background,  we  estimate  the  latter  to  be  about  one-iifth  less  than  the 
former  (fig.  564).  On  making  the  black  circle  one-fifth  larger  they  will  appear  equal.  Tycho 
de  Brahe  remarks  that  the  moon,  when  in  conjunction  (dark),  appears  to  be  one-fifth  smaller 
than  in  opposition  (full,  bright).  The  first  lunar  crescent  appears  to  belong  to  a  larger  disc 
than  the  dark  one  adjoining  it,  which  can  occasionally  be  distinguished  at  the  time  of  the  new 
light.  Black  clothes  make  persons  appear  to  be  much  smaller  than  light  clothes.  A  light  seen 
behind  a  margin  gives  the  appearance  of  a  cut  in  the  margin.  A  ruler,  behind  which  is  placed 
a  lighted  candle,  appears  to  the  observer  to  have  a  notch  in  it.  The  sun,  when  rising  and 
setting,  appears  to  make  a  depression  in  the  horizon"  {Goethe). 

[Contrast. — The  fundamental  phenomena  are  such  as  these,  that  a  bright  object 
looks  brighter  surrounded  by  objects  darker  than  itself ;  and  darker  with  surround- 
ings brighter  than  itself.  There  may  be  contrasts  either  with  bright  or  dark  objects 
or  with  coloured  ones.] 

Simultaneous  Contrast. — By  this  term  is  meant  a  phenomenon  like  the  follow- 
ing : — When  bright  and  dark  parts  are  present  in  a  picture  at  the  same  time,  the 
bright  (white)  parts  always  appear  to  be  more  intensely  bright  the  less  white  there 
is  near  them,  or,  what  is  the  same  thing,  the  darker  the  surroundings,  and,  con- 
versely, they  appear  less  bright  the  more  white  tints  that  are  present  near  them, 
A  similar  phenomenon  occurs  with  coloured  pictures,  A  colour  in  a  picture  appears 
to  us  to  be  more  intense  the  less  of  this  colour  there  is  in  the  adjoining  parts,  that 
is,  the  more  the  surroundings  resemble  the  tints  of  the  contrast  colour.  Simultane- 
ous contrast  arises  from  simultaneous  impressions  occurring  in  two  adjoining  and 
different  parts  of  the  retina. 

Examples  of  Contrast  for  Bright  and  Dark.— 1.  Look  at  a  white  network  on  a  black  ground  ; 
the  parts  where  the  white  lines  intersect  appear  darker,  because  there  is  least  black  near  them. 

2.  Look  at  a  point  of  a  small  strip  of  dark  grey  paper  in  front  of  a  dark  black  background. 
Push  a  large  piece  of  white  paper  between  the  strip  and  the  background ;  the  striji  on  the  white 
ground  now  appears  to  be  much  darker  than  before.  On  again  removing  the  white  paper,  the 
strip  at  once  again  appears  bright  {Bering). 

3.  Look  with  both  eyes  towards  a  greyish-white  surface,  e.g.,  the  ceiling  of  a  room.  After 
gazing  for  some  time,  place  in  front  of  the  eye  a  paper  tube  eight  inches  long,  and  an  inch  to 
an  inch  and  a  quarter  in  diameter,  blackened  in  the  inside.  The  part  of  the  ceiling  seen 
through  the  tube  appears  as  a  round  white  spot  {Landois). 

Examples  for  Colours.— 1.  Place  a  piece  of  grey  paper  on  a  red,  yellow,  or  blue  ground;  the 
contrast  colours  appear  at  once,  viz.,  green,  blue,  or  yellow.  The  phenomenon  is  made  still 
more  distnict  by  covering  the  whole  with  transparent  tracing  pajjer  {Hcrm.  Meyer).  Under 
similar  circumstances,  printed  matter  on  a  coloured  ground  appears  in  its  complementary  colour 
( W.  V.  Bczold),  I  J 
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2.  An  aii'-bubblo  in  tlio  strongly  tinged  field  of  vision  of  a  thick  microscopical  preparation 
appears  with  an  intonso  contrast  colour  {LivMlois). 

3.  Piisto  four  green  sectors  upon  a  rotatory  white  disc,  leave  a  ring  round  the  centre  of  the 
disc  uncovered  by  green,  and  cover  it  with  a  black  strip.  On  rotating  such  a  disc  the  black 
part  nppcar.s  red  and  not  grey  {Brilckc). 

4.  Look  with  both  eyes  towards  a  greyish-wliito  sui'face,  and  place  in  front  of  one  eye  a  tube 
about  the  length  and  breadth  of  a  linger,  com])08ed  of  transparent  oiled  paper,  gummed  together 
to  such  thickness  as  will  permit  light  to  pass  through  its  walls.  The  part  of  the  surface  seen 
through  the  tube  appears  in  its  contrast  colour.  The  experiment  also  shows  the  contrast  in  the 
intensity  of  the  illumination  {Landois).  A  white  piece  of  paper,  with  a  round  black  spot  in  its 
centre,  when  looked  at  through  a  blue  glass  appears  blue  with  a  black  spot.  If  a  white  spot  of 
the  same  size  on  a  black  ground  be  placed  in  front,  so  that  it  is  reflected  in  the  glass  plate  and 
just  covers  the  black  spot,  it  shows  the  contrast  colour  yellow  {Itaycma  Scina). 

5.  The  coloured  shadows  also  belong  to  the  group  of  simultaneous  contrasts.  "Two  condi- 
tions are  necessary  for  the  production  of  coloured  shadows — firstly,  that  the  light  gives  some 
kind  of  a  colour  to  the  white  surface ;  second,  that  the  shadow  is  illuminated,  to  a  certain 
extent,  by  another  light.  During  the  twilight,  place  a  short  lighted  candle  on  a  white  surface, 
between  it  and  the  fading  daylight  hold  a  pencil  vertically,  so  that  the  shadow  thrown  by  the 
candle  is  illuminated,  but  not  abolished,  by  the  feeble  daylight ;  the  shadow  ajipears  ol'  a 
beautiful  blue.  The  blue  shadow  is  easily  seen,  but  it  requires  a  little  attention  to  observe  that 
the  white  paper  acts  like  a  reddish-yellow  surface,  whereby  the  blue  colour  apparent  to  the  eye 
is  improved.  One  of  the  most  beautiful  cases  of  coloured  shadows  is  seen  in  connection  with 
the  full  moon.  The  light  of  the  candle  and  that  of  the  moon  can  be  completely  equalised. 
Both  shadows  can  be  obtained  of  equal  strength  and  distinctness,  so  that  both  colours  are 
completely  balanced.  Place  the  plate  opposite  the  light  of  the  moon,  the  lighted  candle  a  little 
to  one  side  at  a  suitable  distance.  In  front  of  the  plate  hold  an  opaque  body,  when  a  double 
shadow  appears,  the  one  thrown  by  the  moon  and  lighted  by  the  candle  being  bright  reddish- 
yellow  ;  and,  conversely,  the  one  thrown  by  the  caudle  and  lighted  by  the  moon  appears  of  a 
beautiful  blue.    Where  the  two  shadows  come  together  and  unite  is  black"  {Goethe). 

6.  ' '  Take  a  plate  of  gi-een  glass  of  considerable  thickness  and  hold  it  so  as  to  get  the  bars  of 
a  window  reflected  in  it,  the  bars  will  be  seen  double,  the  image  formed  by  the  under  surface 
of  the  glass  being  green,  while  the  image  coming  from  the  under  surface  of  the  glass,  and  which 
ought  really  to  be  colourless,  appears  to  be  purple.  The  experiment  may  be  performed  with  a 
vessel  filled  with  water,  with  a  mirror  at  its  base.  With  pure  water  colourless  images  are 
obtained,  while  by  colouring  the  water  coloured  images  are  produced"  {Goetlw). 

Explanation  of  Contrast. — Some  of  these  phenomena  may  be  explained  as  due  to  an  error  of 
judgment.  During  the  simultaneous  action  of  several  impressions,  the  judgment  errs,  so  that 
wheii  an  effect  occurs  at  one  place,  this  acts  to  the  slightest  extent  in  the  neighbouring  parts. 
When,  therefore,  brightness  acts  upon  a  part  of  the  retina,  the  judgment  ascribes  the  smallest 
possible  action  of  the  brightness  to  the  adjoining  parts  of  the  retina.  It  is  the  same  with 
colours.  It  is  far  more  probable  that  the  phenomena  are  to  be  referred  to  actual  physiological 
processes  {Eenncj).  Partial  stimulation  with  light  affects  not  only  the  part  so  acted  on,  but  also 
the  surrounding  area  of  the  retina  (p.  782);  the  part  directly  excited  undergoing  increased  dis- 
assimilation,  the  (indirectly  stimulated)  adjoining  area  undergoing  increased  assimilation; 
the  increase  of  the  latter  is  greatest  in  the  immediate  neighbourhood  of  the  illuminated 
portion,  and  rapidly  diminishes  as  the  distance  from  it  increases.  By  the  increase  of  the 
assimilation  in  those  parts  not  acted  on  by  the  image  of  the  object,  this  is  prevented,  so  that 
the  diflused  lit'ht  is  perceived.  The  increase  of  the  assimilation  in  the  immediate  neighbourhood 
of  the  illuminated  spot  is  greatest,  so  that  the  perception  of  this  relatively  stronger  different 
light  is  largely  rendered  impossible  (^TcrMiflr).  ,  .        .  <. 

[Helmholtz  thus  ascribed  the  phenomena  of  contrast  to  psychical  conditions,  i.e.,  errors  ot 
judgment,  but  this  explanation  is  certainly  not  complete.  A  far  more  satisfactory  solution  ot  the 
problem  is  that  of  Hering,  that  stimulation  of  one  part  of  the  retina  aftects  the  condition  of 
adioining  parts.  If  a  white  disc  on  a  black  background  be  looked  at  for  a  time,  and  then  the 
eyes  be  closed,  a  negative  after-image  of  the  disc  appears,  but  it  is  darker  and  blacker  than  the 
visual  area,  and  it  has  a  light  area  around,  brightest  close  to  the  disc,  i.e.,  the  adjacent  part  ot 
the  retina  is  affected.    This  Hering  has  called  succeBsive  Ught  induction.] 

Successive  Contrast.— Look  for  a  long  time  at  a  dark  or  bright  object,  or  at  a  coloured  [e.g., 
red)  one  and  then  allow  the  effect  of  the  contrast  to  occur  on  the  retina,  z.c,  with  reference 
to  the  above,  bright  and  dark,  or  the  contrast  colour  green,  then  these  become  very  intense. 
This  phenomenon  has  also  been  called  "successive  contrast."  In  this  case  the  negative  after- 
image obviously  plays  a  part.  .  i  • 

rSome  drugs  cause  subjective  visual  sensations,  but  these  do  so  by  acting  on  the  brain,  c.?., 
alcohol,  as  in  delirium  tremens,  cannabis  indica,  sodic  salicylate,  and  large  doses  of  digitalis 
(Bninton).] 
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eyeball  is  capable  of  extensive  and  free  movement  on  the  correspondingly  excavated 
fatty  pad  of  the  orbit,  just  like  the  head  of  a  long  bone  in  the  corresponding  socket 
of  a  freely  movable  arthroidal  joint.  The  movements  of  the  eyeball,  however,  are 
limited  by  certain  conditions,  by  the  mode  in  which  the  eye-muscles  are  attached 
to  it.  Thus,  when  one  muscle  contracts,  its  antagonistic  muscle  acts  like  a  bridle, 
and  so  limits  the  movement ;  the  movements  are  also  limited  by  the  insertion  of 
the  optic  nerve.  The  soft  elastic  pad  of  the  orbit  on  which  the  eyeball  rests  is 
itself  subject  to  be  moved  forward  or  backward,  so  that  the  eyeball  also  must 
participate  in  these  movements. 

Protrusion  of  the  eyeball  takes  place — 1.  By  congestion  of  the  blood-vessels,  especially  of 
the  veins  in  the  orbit,  such  as  occurs  when  the  overflow  of  the  venous  blood  from  the  head  is 
interfered  with,  as  in  cases  of  hanging.  2.  By  contraction  of  the  smooth  muscular  fibres  in 
Tenon's  capsule,  in  the  spheno-maxillary  fissure,  and  in  the  eyelids  (§  404),  which  are  inner- 
vated by  the  cervical  sympathetic  nerve.  3.  By  voluntary  forced  opening  of  the  palpebral 
fissure,  whereby  the  pressure  of  the  eyelids  acting  on  the  eyeball  is  diminished.  4.  By  the 
action'of  the  oblique  muscles,  which  act  by  pulUng  the  eyeball  inwards  and  forwards.  If  the 
superior  oblique  be  contracted  when  tlie  eyelids  are  forcibly  opened,  the  eyeball  may  be  pro- 
truded about  1  mm.  When  protrusion  of  the  eyeball  occurs  pathologically  (as  in  1  and  2),  the 
condition  is  called  exophthalmos. 

Eetraction  of  the  eyeball  is  the  opposite  condition,  and  is  caused — 1.  By  closing  the  eye- 
lids forcibly.  2.  By  an  empty  condition  of  the  retrobulbar  blood-vessels,  diminished  succulence, 
or  disappearance  of  the  tissue  of  the  orbit.  3.  Section  of  the  cervical  sympathetic  in  dogs 
causes  the  eyeball  to  sink  somewhat  in  the  orbit.  The  smooth  muscular  fibres  of  Tenon's 
capsule  are  perhaps  antagonistic  in  their  action  to  the  four  recti  when  acting  together,  and  thus 
prevent  the  eyeball  from  being  drawn  too  far  backwards.  Many  animals  have  a  special 
retractor  bulbi  muscle,  e.g.,  amphibians,  reptiles,  and  many  mammals;  the  ruminants  have 
four. 

The  movements  of  the  eyes  are  almost  always  accompanied  by  similar  movements 
of  the  head,  chiefly  on  looking  upwards,  less  so  on  looking  laterally,  and  least  of 
all  when  looking  downwards. 

The  difficult  investigations  on  the  movements  of  the  eyeballs  have  been  carried  out,  especially 
by  Listing,  Iileissner,  Helmholtz,  Bonders,  A.  Fick,  and  E.  Hering. 

Axes. — All  the  movements  of  the  eyeball  take  place  round  its  point  of  rotation  (fig.  566,  0), 
which  lies  1'77  mm.  behind  the  centre  of  the  visual  axis,  or  10 '957  mm.  from  the  vertex  of  the 
cornea  (Doiiders).  In  order  to  determine  more  carefully  the  movements  of  the  eyeball,  it  is 
necessary  to  have  certain  definite  data  : — 1.  The  visual  axis  (S,  Sj),  or  the  antero-posterior  axis 
of  the  eyeball,  unites  the  point  of  rotation  with  the  fovea  centralis,  and  is  continued  straight 
forwards  to  the  vertex  of  the  cornea.  2.  The  transverse,  or  horizontal  axis  (Q,  Qj),  is  the 
straight  line  connecting  the  points  of  rotation  of  both  eyes  and  its  extension  outwards.  Of 
com-se,  it  is  at  right  angles  to  1.  3.  The  vertical  axis  passes  vertically  through  the  point  of 
rotation  at  right  angles  to  1  and  2.  These  three  axes  form  a  co-ordinate  system.  We  must 
imagine  that  in  the  orbit  there  is  a  fixed  determinate  axial  system,  whose  point  of  intersection 
corresponds  with  the  point  of  rotation  of  the  eyeball.  When  the  eye  is  at  rest  (primary 
position),  the  three  axes  of  the  eyeball  completely  coincide  with  the  three'axes  of  the  co-ordinate 
system  in  the  orbit.  When  the  eyeball  however  is  moved,  two  or  more  axes  are  displaced  from 
this,  so  that  they  must  form  angles  with  the  fixed  orbital  system. 

Planes  of  Separation. — In  order  to  be  more  exact,  and  also  partly  for  further  estimations,  let 
us  suppose  three  planes  passing  through  the  eyeball,  and  that  their  position  is  secured  by  any 
two  axes.  1.  The  horizontal  plane  of  separation  divides  the  eyeball  into  an  upper  and  lower 
half ;  it  is  determined  by  the  visual  transverse  axis.  In  its  course  through  the  retina  it  forms 
the  horizontal  line  of  separation  of  the  latter ;  the  coats  of  the  eyeball  itself  cut  it  in  their 
horizontal  meridian.  2.  The  vertical  plane  divides  the  eyeball  into  an  inner  and  outer  half ; 
it  is  determined  by  the  visual  and  vertical  axes.  It  cuts  the  retina  in  the  vertical  line  of 
separation  of  the  latter  and  the  ])eriphery  of  the  bulb  in  the  vertical  meridian  of  the  eyeball. 
3.  The  equatorial  plane  divides  the  eyeball  into  an  anterior  and  posterior  half;  its  position  is 
determined  by  the  vertical  and  transverse  axes,  and  it  cuts  the  sclerotic  in  the  equator  of  the 
eyeball.  The  horizontal  and  vertical  lines  of  separation  of  the  retina,  which  intersect  in  the 
fovea  centralis,  divide  the  retina  into  four  quadrants. 

In  order  to  define  more  precisely  the  movements  of  the  eyeball,  v.  Helmholtz  has  introduced 
the  following  terms  :— He  calls  the  straight  line  which  connects  the  point  of  rotation  of  the  eye 
with  the  fixed  point  in  the  outer  world,  the  visual  line  ("  Blicklinie  "),  while  a  plane  passing 
through  these  lines  in  both  eyes  he  called  the  visioal  plane;  the  ground  line  of  this  plane  is  the 
hne  uniting  the  two  points  of  rotation,  viz.,  the  transverse  axis  of  the  eyeball.    Suppose  a 
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sagittal  section  (autero-postorior)  to  bo  niado  tlirough  tlie  head,  so  as  to  divide  the  latter  into  a 
right  and  loft  lialf,  thou  this  plane  would  halve  the  ground  line  of  the  visual  plane,  and  when 
prolonged  forward  would  intersect  the  visual  plane  in  the  median  line.  Tlie  visual  point  of  tlie 
ove  can  bo  (1)  raised  or  lowered— the  field  whicli  it  traverses  being  called  the  visual  field 
( 'Blickfold")  ;  it  is  part  of  a  spljerical  surface  with  the  point  of  rotation  of  the  eye  in  its 
centre.  Proceeding  from  the  primary  position  of  both  eyes,  which  is  characterised  by  both 
visual  lines  lieing  parallel  with  each  other  and  horizontal,  then  the  elevation  of  the  visual  plane 
can  be  determined  liy  the  angle  which  this  forms  with  the  plane  of  the  primary  position.  This 
angle  is  called  the  angle  of  elevation — it  is  positive  when  the  visual  plane  is  raised  (to  the  fore- 
head), and  negative  when  it  is  lowered  (chinwards).  (2)  From  the  primary  i)osition,  the  visual 
line  can  be  turned  laterally  in  the  visual  plane.  The  extent  of  this  lateral  deviation  is  measured 
by  the  angle  of  lateral  rotation,  i.e.,  by  the  angle  which  the  visual  line  forms  witli  the 
median  lino  of  the  visual  plane  ;  it  is  said  to  be  positive  when  the  posterior  part  of  the  visual 
line  is  turned  to  the  right,  negative  when  to  the  left.  The  following  are  the  positions  of  the 
eyeball : — 

1.  Primary  position  [or  "  position  of  rest "],  in  which  both  the  lines  of  vision 
are  parallel  with  each  other,  and  the  visual  planes  are  horizontal.  The  three  axes  of 
the  eyeball  coincide  with  the  three  fixed  axes  of  the  co-ordinate  system  in  the  orbit. 

2.  Secondary  positions  are  due  to  movements  of  the  eye  from  the  primary  posi- 
tion. There  are  two  different  varieties — (a)  where  the  visual  lines  are  parallel, 
but  are  directed  upwards  or  downwards.  The  transverse  axis  of  both  eyes  remains 
the  same  as  in  the  primary  position  ;  the  deviations  of  the  other  two  axes  expressed 
by  the  amount  of  the  angle  of  elevation  of  the  ine  of  vision.  Qj)  The  second 
variety  of  the  secondary  position  is  produced  by  the  convergence  or  divergence  of  the 
lines  of  vision.  In  this  variety  the  vertical  axis,  round  which  the  lateral  rotation 
takes  place,  remains  as  in  the  primary  position ;  the  other  axes  form  angles  ;  the 
amount  of  the  deviation  is  expressed  by  the  "  angle  of  lateral  rotation."  The  eye, 
when  in  the  primary  position,  can  be  rotated  from  this  position  42°  outwards,  45° 
inwards,  34°  upwai'ds,  and  57°  downwards  {Schuurmann). 

3.  Tertiary  position  is  the  position  brought  about  by  the  movements  of  the  eye, 
in  which  the  lines  of  vision  are  convergent,  and  are  at  the  same  time  inclined  up- 
wards or  downwards. 

[Listing's  Law  is  that  which  expresses  the  movements  of  the  eyeball.  When  the  eyeball 
moves  from  the  primary  position,  or  position  of  rest,  the  angle  of  rotation  of  the  eye  in  the 
second  position  is  the  same  as  if  the  eye  were  turned  about  a  fixed  axis  perpendicular  to  both 
the  first  and  the  second  positions  of  the  visual  line  {ffelmhoUz).] 

All  the  three  axes  of  the  eye  are  no  longer  coincident  with  the  axes  in  the  primary 
position.  The  exact  direction  of  the  visual  lines  is  determined  by  the  amount  of 
the  angle  of  lateral  rotation  and  the  angle  of  elevation.  There  is  still  another 
important  point.  The  eyeball  is  always  rotated  at  the  same  time  round  the  line 
of  vision  and  round  its  axis  ( Volkmann,  Hering).  As  the  iris  rotates  round  the 
visual  line  like  a  wheel  round  its  axis,  this  rotation  is  called  "  circular  rotation  " 
("  Raddrehung  ")  of  the  eye,  which  is  always  connected  with  the  tertiary  positions. 
Even  oblique  movements  may  be  regarded  as  composed  of — (1)  a  rotation  round 
the  vertical  axis,  and  (2)  round  the  transverse  axis  ;  or  it  may  be  referred  to  rota- 
tion round  a  single  constant  axis  placed  between  the  above-named  axes,  passing 
through  the  point  of  rotation  of  the  eyeball,  and  at  right  angles  to  the  secondary 
and  primary  direction  of  the  visual  axis  (line  of  vision) — {Listing).  The  amount 
of  circular  rotation  is  measured  by  the  angle  which  the  horizontal  separation  line  of 
the  retina  forms  with  the  horizontal  separation  of  the  retina  of  the  eye  in  the  primary 
position.  This  angle  is  said  to  be  positive,  when  the  eye  itself  rotates  in  the  same 
direction  as  the  hand  of  a  watch  observed  by  the  same  eye,  i.e.,  when  the  upper  end 
of  the  vertical  line  of  separation  of  the  retina  is  turned  to  the  right. 

According  to  Bonders,  the  angle  of  rotation  increases  with  the  angle  of  elevation  and  the 
angle  of  lateral  rotation— it  may  exceed  10°.  With  equally  great  elevation  or  depression  of 
the  visual  plane,  the  rotation  is  greater,  the  greater  the  elevation  or  depression  of  the  line  of 
vision. 
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On  looking  upwards  in  the  tertiary  position,  tho  upper  ends  of  the  vertical  lines  of  separation 
of  the  retinSL'diverge  ;  on  looking  downwards  they  couverge.  If  the  visual  plane  be  raised,  the 
eye  when  it  deviates  laterally  to  the  right,  makes  a  circular  rotation  to  the  left.  AVheu  the 
visual  plane  is  depressed,  on  deviating  the  eye  to  the  right  or  left,  there  is  a  corresponding 
circular  rotation  to  the  right  or  left.  Or  we  may  express  the  result  thus:— When  the  angle  ot 
elevation  and  the  angle  of  deviation  have  the  same  sign  ( +  or  -  ),  then  the  rotation  of  the  eye- 
ball is  negative  ;  when,  however,  the  signs  are  unequal,  tho  rotation  is  positive.  In  order  to 
make  the  circular  rotation  visible  in  one's  own  eye,  accommodate  one  eye  for  a  surface  divided 
by  vertical  and  horizontal  lines  until  a  positive  after-image  is  produced,  and  then  rapidly  rotate 
the  eye  into  the  third  position.  Tho  lines  of  the  after-image  then  form  angles  with  the  lines 
of  the  background.  As  the  position  of  the  vertical  meridian  of  the  eye  is  important  from  a 
practical  point  of  view,  it  is  necessary  to  note  that,  in  the  primary  and  secondary  positions  of 
the  eyes,  the  vertical  meridian  retains  its  vertical  position.    On  looking  to  the  left  and  up- 
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Scheme  of  the  action  of  the  ocular  muscles. 

wards,  or  to  the  right  and  downwards,  the  vertical  meridians  of  both  eyes  are  turned  to  the 
left ;  conversely,  they  are  turned  to  the  right  on  looking  to  the  left  and  downwards,  or  to  the 
right  and  upwards. 

In  the  secondary  positions  of  the  eye,  rotation  of  the  axis  of  the  eye  never  occurs  {Listing). 
Very  slight  rolling  of  the  eyes  occurs,  however,  when  the  head  is  inclined  towards  the  shoulder, 
and  in  the  direction  opposite  to  that  of  the  head,  it  is  about  1"  for  every  10"  of  inclination  of 
the  head  (Skrebitzk). 

Ocular  Muscles.— The  movements  of  the  eyeball  are  accomplished  by  means  of 
the  four  straight  and  two  oblique  ocular  muscles.  In  order  to  understand  the 
action  of  each  of  these  muscles,  we  must  know  the  plane  of  traction  of  the  muscles 
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and  the  axis  of  rotation  of  the  eyeball.  The  plane  of  traction  is  found  by  the 
plane  lying  in  the  middle  of  the  origin  and  insertion  of  the  muscle  and  the  point 
of  rotation  of  the  eyeball.  The  axis  of  rotation  is  always  at  right  angles  to  the 
plane  of  traction  in  the  point  of  rotation  of  the  eyeball. 

1.  The  rectus  internus  (I)  and  externus  (E)  rotate  the  eye  almost  exactly  inwards 
and  outwards  (fig.  566).  The  plane  of  traction  lies  in  the  plane  of  the  paper  ;  Q, 
E,  is  the  direction  of  the  traction  of  the  external  rectus,;  Qj,  I,  that  of  the  internal. 
The  axis  of  rotation  is  in  the  point  of  rotation,  O,  at  right  angles  to  the  plane  of 
the  paper,  so  that  it  coincides  with  the  vertical  axis  of  the  eyeball.  2.  The  axis 
of  rotation  of  the  R.  superior  and  inferior  (the  dotted  line,  K.  sup.,  R.  inf.), 
lies  in  the  horizontal  plane  of  separation  of  the  eye,  but  it  forms  an  angle  of  about 
20°  with  the  transverse  axis  (Q,  Q^)  ;  the  direction  of  the  traction  for  both  muscles 
is  indicated  by  the  line,  s,  i.  By  the  action  of  these  muscles,  the  cornea  is  turned 
upwards  and  slightly  inwards,  or  downwards  and  slightly  inwards.  3.  The  axis 
of  rotation  of  both  ololique  muscles  (the  dotted  lines.  Obi.  sup.  and  Obi.  inf.)  also  lies 
in  the  horizontal  plane  of  separation  of  the  eyeball,  and  it  forms  an  angle  of  60'"  with 
the  transverse  axis.  The  direction  of  the  traction  of  the  inferior  oblique  gives  the 
line,  «,  h ;  that  of  the  su23erior,  the  line,  c,  d.  The  action  of  these  muscles,  there- 
fore, is  in  the  one  case  to  rotate  the  cornea  outwards  and  upwards,  and  in  the  other 
outwards  and  downwards.  These  actions,  of  course,  only  obtain  when  the  eyes  are  in 
the  primary  position — in  every  other  position  the  axis  of  rotation  of  each  muscle 
changes. 

When  the  eyes  are  at  rest,  the  muscles  are  in  equilibrium.  Owing  to  the  power 
of  the  internal  recti,  the  visual  axes  converge  and  would  meet,  if  prolonged  40 
centimetres  in  front  of  the  eye.  In  the  movements  of  the  eyeball,  one,  two,  or 
three  muscles  may  be  concerned.  One  muscle  acts  only  when  the  eye  is  moved 
directly  outwards  or  inwards,  especially  the  internal  and  external  rectus.  Tvjo 
muscles  act  when  the  eyeball  is  moved  directly  upwards  (superior  rectus  and  inferior 
oblique)  or  downvpards  (inferior  rectus  and  superior  oblique).  Three  muscles  are 
in  action  when  the  eyeballs  take  a  diagonal  direction,  especially  for  inwards  and 
tipiuards,  by  the  internal  and  the  superior  rectus  and  inferior  oblique  ;  for  inioards 
&nd  doiumvards,  the  internal  and  inferior  rectus  and  superior  oblique  ;  for  outwards 
and  doivmuards,  the  external  and  inferior  rectus  and  superior  oblique  ;  for  outivards 
and  upivards,  the  external  and  superior  rectus  and  inferior  oblique. 

[The  following  table  shows  the  action  of  the  muscles  of  the  eyeball : — 

Eectus  internus. 
Eectus  externus. 
f  Rectus  superior. 
\  Obliquus  inferior, 
f  Rectus  inferior. 
\  Obliquus  superior. 
(  Rectus  internus. 
-j  Rectus  superior. 
1^  Obliquus  inferior. 

Ruete  imitated  the  movements  of  the  eyeballs  by  means  of  a  model,  which  he  called  the 
ophthalmotrope. 

The  size  of  the  eyeball  and  its  length  diminish  with  age.  The  mobility  is  less  in  the  vertical 
than  in  the  lateral  direction,  and  less  upwards  than  downwards.  The  normal  and  myopic  eye 
can  be  moved  more  outwards,  and  the  long-sighted  eye  more  inwards,  the  external  aud  internal 
recti  act  most  when  the  eye  is  moved  outwards,  the  obliqui  when  it  is  rotated  inwards.  An 
eye  can  be  turned  inwards  to  a  greater  extent  when  the  other  eye  at  the  same  time  is  turned 
outwards  than  when  the  other  is  turned  inwards.  During  near  vision,  the  right  eye  can  be 
turned  less  to  the  right,  and  the  left  to  the  left,  than  during  distant  vision  {Hering). 

Simultaneous  Ocular  Movements. — Both  eyes  are  always  moved  simultaneously. 
Even  when  one  eye  is  quite  blind,  the  ocular  muscles  move  when  the  whole  eyeball 
is  excited.    When  the  head  is  straight,  the  movements  always  take  place  so  that 


Inwards, 
Outioards, 

Upwards, 

Downwards, . 

Imuards  and 
lopwards, 


Inwards  and 
downwards, 

Outwards  and 
iipwards. 

Outwards  and 
downwards, 


{ 


Rectus  internus. 
Rectus  inferior. 
Obliquus  superior. 
Rectus  externus. 
Rectus  superior. 
Obliquus  inferior. 
Rectus  externus. 
Rectus  inferior. 
Obliquus  superior.] 
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both  visual  planes  (visual  axes)  lie  in  the  same  plane.  In  front  both  visual  axes 
can  diverge  only  to  a  trifling  extent,  while  they  can  converge  considerably.  If 
individual  ocular  muscles  are  paralysed,  the  position  of  the  visual  axis  in  the  same 
place  is  disturbed,  and  squintinr/  results,  so  that  the  patient  no  longer  can  direct 
.both  visual  axes  simultaneously  to  the  same  point,  but  be  directs  the  one  eye  after 
the  other.  Even  nystagmus  (p.  721)  occurs  in  both  eyes  simultaneously,  and  in 
the  same  direction.  The  innate  simultaneous  movement  of  both  eyes  is  spoken  of 
as  an  associated  movement  (Joh.  Mailer).  E.  Hering  showed  that  in  all  ocular 
movements  there  is  a  uniformity  of  the  innervation  as  well.  Even  during  such 
movements,  in  which  one  eye  apparently  is  at  rest,  there  is  a  movement,  due  to  the 
action  of  two  antagonistic  forces,  the  movements  resulting  in  a  slight  to  and  fro 
motion  of  the  eyeball. 

The  motor  nerves  of  the  ocular  muscles  are  the  oculomotorius  (§  345),  the  trochlearis  {§  346), 
ami  the  abducens  (§  348).  The  centre  lies  in  the  corpora  quadrigemina,  and  below  it  (§  379), 
and  partly  ia  the  medulla  oblongata  (§  379). 

400.  BINOCULAR  VISION. — Advantages. — Vision  with  both  eyes  affords 
the  following  advantages  v — •(!)  The  field  of  vision  of  both  eyes  is  considerably 
larger  than  that  of  one  eye.  (2)  The  perception  of  cZepi/t  is  rendered  easier,  as  the 
retinal  images  are  obtained  from  two  different  points.  (3)  A  more  exact  estimate 
of  the  distance  and  size  of  an  object  can  be  formed,  in  consequence  of  the  perception 
of  the  degree  of  convergence  of  both  eyes.  (4)  The  correction  of  certain  errors  in 
the  one  eye  is  rendered  possible  by  the  other. 

When  the  position  of  the  head  is  fixed,  we  can  easily  form  a  conception  as  to  the  form  of  the 
entire  field  of  vision  if  we  close  one  eye  and  direct  the  open  eye  inwards.  We  observe  that  it  is 
pear-shaped,  broad  above  and  smaller  below,  the  silhouette,  or  profile  of  the  nose,  causes  the 
depression  between  the  upper  and  lower  part  of  the  field. 

401.  IDENTICAL    POINTS— HOROPTER.— Identical    Points.— If  we 

imagine  the  retinae  of  both  eyes  to  be  a  pair  of  hollow  saucers  placed  one  within  the 
other,  so  that  the  yellow  spots  of  both  eyes  coincide,  and  also  the  similar  quadrants  of 
the  retinse,  then  all  those  points  of  both  retinse  which  coincide  or  cover  each  other  are 
called  "  identical "  or  "  corresponding  points  "  of  the  retina.  The  two  meridians 
which  separate  the  quadrants  coinciding  with  each  other  are  called  the  "lines  of 
separation."  Physiologically,  the  identical  points  are  characterised  by  the  fact 
that,  when  they  are  both  simultaneously  excited  by  light,  the  excitement  proceeding 
from  them  is,  by  a  psychical  act,  referred  to  one  and  the  same  point  of  the  field  of 
vision,  lying,  of  course,  in  a  direction  through  the  nodal  point  of  each  eye.  Stimu- 
lation of  both  identical  points  causes  only  one  image  in  the  field  of  vision.  Hence 
all  those  objects  of  the  external  world,  whose  rays  of  light  pass  through  the  nodal 
points  to  fall  upon  identical  points  of  the  retina,  are  seen  singly,  because  their 
images  from  both  eyes  are  referred  to  the  same  point  of  the  field  of  vision,  so  that 
they  cover  each  other.  All  other  objects  whose  images  do  not  fall  upon  identical 
points  of  the  retina  cause  double  vision,  or  diplopia. 

Proofs. — If  we  look  at  a  linear  object  with  the  points  1,  2,  3,  then  the  corresponding  retinal 
images  are  1,  2,  3  and  1,  2,  3,  which  are  obviously  identical  points  of  the  retinse  (fig.  567).  If, 
while  looking  at  this  line,  there  be  a  point.  A,  nearer  the  eyes,  or  B,  further  from  them,  then, 
on  focussing  for  1,  2,  3,  neither  the  rays  (A,  a.  A,  a)  coming  from  A,  nor  those  (B,  h,  B,  h)  from 
B,  fall  upon  identical  points  ;  hence  A  and  B  appear  double. 

Make  a  point  {e.g.,  2)  with  ink  on  paper  ;  of  course  the  image  will  fall  upon  both  foveaj  cen- 
trales of  the  retinffi  (2,  2),  which  of  course  are  identical  points.  Now  press  laterally  upon  one 
eye,  so  as  to  displace  it  slightly,  then  two  points  at  once  appear,  because  the  image  of  the  point 
no  longer  falls  upon  the  fovea  centralis  of  the  displaced  eye,  but  on  an  adjoining  non-identical 
part  of  the  retina.    When  we  squint  voluntarily  all  objects  appear  double. 

The  vertical  surfaces  of  separation  of  the  retina  do  not  exactly  coincide  with  the  vertical 
'/neridians.  There  is  a  certain  amount  of  divergence  (0'5°-3°),  less  above,  whicH  varies  in 
different  individuals,  and  it  may  be  in  the  same  individual  at  different  times  {Hering).  The 
horizontal  lines  of  separation,  however,  coincide.    Images  which  fall  upon  the  vertical  lines  of 
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separation  appear  to  bo  vertical  to  those  on  the  horizontal  lines,  although  they  are  not  actually 
so.  Hence,  tlio  vortical  lines  of  separation  are  the  apjyarcnt  vertical  meridians.  Some 
observers  regard  the  identical  points  of  the  retina  as  an  acquired  arrangement ;  otliers  regard  it 
as  normally  innate.  Persons  who  have  had  a  squint  from  their  birth  see  singly ;  in  these 
cases,  tho  identical  points  must  bo  dilforently  disposed. 

The  horopter  represents  all  those  points  of  the  outer  world  from  which  rays  of 


B 


|Fig.  567.  Fig.  568. 

Scheme  of  identical  and  non-identical  points      Horopter  for  the  secondary  position,  with 
of  the  retina.  convergence  of  the  visual  axes. 

light  passing  into  both  eyes  fall  upon  identical  points  of  the  retina,  the  eyes  being 
in  a  certain  position.    It  varies  with  the  diflferent  positions  of  the  eyes. 

1.  In  the  primary  position  of  both  eyes  with  the  visual  axes  parallel,  the  rays  of  direction 
proceeding  from  two  identical  points  of  the  two  retinse  are  parallel  and  intersect  only  at 
infinity.    Hence  for  the  primary  position  the  horopter  is  a  plane  in  infinity. 

2.  In  the  secondary  position  of  the  eyes  with  converging  visual  axes,  the  horopter  for  the 
transverse  lines  of  separation  is  a  circle  which  passes  througli  the  nodal  points  of  both  eyes  (fig. 
568,  K,  K),  and  through  the  fixed  points  I,  II,  III.  The  horopter  of  the  vertical  lines  of 
separation  is  in  this  position  vertical  to  the  plane  of  vision. 

3.  In  the  symmetrical  tertiary  position,  in  which  the  hoi'izontal  and  vertical  lines  of 
separation  form  an  angle,  the  horopter  of  the  vertical  lines  of  separation  is  a  straight  line 
inclined  towards  the  horizon.  There  is  no  horopter  for  the  identical  points  of  the  horizontal 
lines  of  separation,  as  the  lines  of  direction  prolonged  from  the  identical  points  of  these  points 
do  not  intersect. 

4.  In  the  nnsymmetrical  tertiary  position  (with  rolling)  of  the  eyes,  in  which  the  fixed  point 
lies  at  unequal  distances  from  both  nodal  points,  the  horopter  is  a  curve  of  a  complex  form. 

All  objects,  the  rays  proceeding  from  which  fall  upon  non-identical  points  of  the 
retinae,  appear  double.  We  can  distinguish  diivct  or  crossed  double  images,  accord- 
ing as  the  rays  prolonged  from  the  non-identical  points  of  the  retina  intersect  vi 
front  of  or  behind  the  fixed  point. 

Experiment.— Hold  two  fingers— the  one  behind  the  other— before  both  eyes.  Accommo- 
date for  the  far  one  and  then  the  near  one  appears  double,  and  when  we  accommodate  for  the 
near  one  the  far  one  appears  double.  If,  when  accommodating  for  the  near  one,  the  right  eye 
be  closed,  the  left  (crossed)  image  of  the  far  finger  disappears.  On  accommodating  for  the 
far  finger  and  closing  the  right  eye,  the  ^ight  (direct)  double  image  of  the  near  finger 
disappears. 

Double  images  are  referred  to  the  proper  distance  from  the  eyes,  just  as  single 
images  are. 
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Neglect  of  Double  Images. — jN'otwithstanding  the  very  large  number  of  double 
images  which  must  be  formed  during  vision,  they  do  not  disturb  vision.  ^  As  a 
creneral  rule  they  are  "  neglected,"  so  that  the  attention  must,  as  a  rule,  be  directed 
to  them  before  they  are  perceived.    This  condition  is  favoured  thus : — 

1.  The  attention  is  always  directed  to  the  point  of  the  field  of  vision  which  is  accommodated 
for  at  the  time.  The  image  of  this  part  is  projected  on  to  both  yellow  spots,  which  are 
identical  points  of  the  retina. 

2.  The  form  and  colour  of  objects  on  the  lateral  parts  of  the  retina  are  not  perceived  so 
sharply. 

3.  The  eyes  are  always  accommodated  for  those  points  which  are  looked  at.  Hence, 
indistinct  images  with  diffusion  circles  are  always  formed  by  those  objects  which  yield  double 
images,  so  that  they  can  be  more  readily  neglected. 

4.  Many  double  images  lie  so  close  together  that  the  greater  part  of  them,  when  the  images 
are  large,  covers  the  other. 

5.  By  practice  images  which  do  not  exactly  coincide  may  be  united. 

402.  STEREOSCOPIC  VISIOIT.— On  looking  at  an  object,  both  eyes  do  not 
yield  exactly  similar  images  of  that  object — the  images  are  slightly  different, 
because  the  two  eyes  look  at  the  object  from  two  differ- 
ent points  of  view.  With  the  right  eye  we  can  see 
more  of  the  side  of  the  body  directed  towards  it,  and 
the  same  is  the  case  with  the  left  eye.  Notwithstand- 
ing this  inequality,  the  two  images  are  united.  How 
two  different  images  are  combined  is  best  understood 
by  analysing  the  stereoscopic  images. 

Let,  in  fig.  569,  L  and  R  represent  two  such  images  as  are  L  R 

obtained  with  the  left  and  right  eyes.    These  images,  when  Fig.  569. 

seen  with  a  stereoscope,  look  like  a  truncated  pyramid,  which     fwo  stereoscopic  drawings, 
projects  towards  the  eye  of  the  observer,  as  the  points  indicated 

by  the  same  signs  cover  each  other.  On  measuring  the  distance  of  the  points,  which  coincide 
or  cover  each  other  in  both  figures,  we  find  that  the  distances  A,  a,  B,  &,  C,  c,  D,  cl  are  equally 
great,  and  at  the  same  time  are  the  loidest  of  all  the  points  of  both  figures  ;  the  distances  E,  c, 
J")  /)  G,  g,  H,  h  are  also  equal,  but  are  smaller  than  the  former.  On  looking  at  the  coincid- 
ing lines  (A,  E,  a,  e,  and  B,  T,  h,  f),  we  observe  that  all  the  points-  of  this  line  which  lie  nearer 
to  A  a  and  B  b  are  further  apart  than  those  lying  nearer  E.e  and  F/. 

Comparing  these  results  with  the  stereoscopic  image,  we  have  the  following  laws 
for  stereoscopic  vision: — 1.  All  those  points  of  two  stereoscopic  images,  and  of 
course  of  two  retinal  images  of  an  object,  which  in  both  images  are  equally  distant 
from  each  other,  appear  on  the  same  plane.  2.  All  points  which  are  nearer  to  each 
other,  compared  with  the  distance  of  other  points,  appear  to  be  nearer  to  the 
observer.  3.  Conversely,  all  points  which  lie  further  apart  from  each  other  appear 
perspectively  in  the  background. 

The  cause  of  this  phenomenon  lies  in  the  fact  that,  "  in  vision  with  both  eyes 
we  constantly  refer  the  position  of  the  individual  images  in  the  direction  of  the 
visual  axis  to  where  they  both  intersect." 

Proofs.— The  following  stereoscopic  experiment  proves  this  (fig.  570) :— Take  both  images  of 
two  pairs  of  points  {a,  b,  and  a,  P),  which  are  at  unequal  distances  from  each  other  on  the 
surface  of  the  paper.  By  means  of  small  stereoscopic  prisms  cause  them  to  coincide,  then  the 
combined  point,  A  of  a,  and  a  appears  at  a  distance  on  the  plane  of  the  paper,  while  the  other 
point,  B,  produced  by  the  superposition  of  b  and  /8,  floats  in  the  air  before  the  observer.  Fig. 
570  shows  how  this  occurs.  The  following  experiment  shows  the  same  result :— Draw  two 
figures,  which  are  to  be  superposed  similar  to  the  lines  B,  A,  A,  E,  b,  a,  and  a,  e,  in  fig.  569. 
In  the  lines  B,  A,  and  6,  a,  all  the  points  which  are  to  be  superposed  lie  equally  distant  from 
each  other,  while,  on  the  contrary,  all  the  points  in  A,  E,  and  a,  e,  which  lie  nearer  E  and  e, 
are  constantly  nearer  to  each  other.  When  looked  at  with  a  stereoscope,  the  superposed 
verticals,  A,  e,  and  B,  b,  lie  in  the  plane  of  the  paper,  while  the  superposed  lines,  A,  a,  and  E, 
e  project  obliquely  towards  the  observer  from  the  plane  of  the  paper.  From  these  two 
fundamental  experiments  we  may  analyse  all  pairs  of  stereoscopic  pictures.  Thus,  in  fio-.  569 
if  we  exchange  the  two  pictures,  so  that  R  lies  in  the  place  of  L,  then  we  must  obtain  the 
impression  of  a  truncated  hollow  pyramid. 
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Two  stereoscopic  pictures,  which  are  so  constructed  that  the  one  contains  the  body  from  the 
Iront  and  above,  and  the  other  it  from  the  front  and  below  (suppose  in  fig.  569  tlie  lines  A  li, 
and  a  h,  were  the  ground  lines),  can  never  bo  superposed  by  means  of  the  stereoscope. 

This  process  has  been  explained  in  another  way.  Of  the  two  figures,  R  and  L 
(fig.  5G9),  only  A  BCD,  and  ah  c  d,  fall  upon  identical  points  of  the  retina,  hence 
these  alone  can  be  superposed  ;  or,  when  there  is  a  different  convergence  of  the 
visual  axis,  only  E  F  G  H,  and  e  f  c/  h,  can  be  superposed  for  the  same  reason. 
Suppose  the  square  ground  surfaces  of  the  figures  are  first  superposed,  in  order  to 
explain  the  stereoscopic  impression,  it  is  further  assumed  that  both  eyes,  aftei' 
superposition  of  the  ground  squares,  are  rapidly  moved  towards  the  apex  of  the 


Fig.  570.  Pig.  571. 

VVheatstone's  stereoscope.  Scheme  of  Brewster's  stereoscope. 


pyramid.  As  the  axis  of  the  eyes  must  thereby  converge  more  and  more,  the  apex 
of  the  pyramid  appears  to  project;  as  all  points  which  require  the  convergence  of 
the  eyes  for  their  vision  appear  to  us  to  be  nearer  (see  below).  Thus,  all  corre- 
sponding parts  of  both  figures  would  be  brought,  one  after  the  other,  upon  identical 
points  of  the  retina  by  the  movements  of  the  eyes  {Briicke). 

It  has  been  urged  against  this  view  that,  the  duration  of  an  electrical  spark 
suffices  for  stereoscopic  vision  (Dove) — a  time  which  is  quite  insufficient  for  the 
movements  of  the  eyes.  Although  this  may  be  true  for  many  figures,  yet  in  the 
correct  combination  of  complex  or  extraordinary  figures,  these  movements  of  the 
visual  axes  are  not  excluded,  and  in  many  individuals  they  are  distinctly  advan- 
tageous. Not  only  the  actual  movements  necessary  for  this  act,  but  the  sensa- 
tions derived  from  the  muscles  are  also  concerned. 

When  two  figures  are  viomentarily  combined  to  form  a  stereoscopic  picture,  there 
being  no  movement  of  the  eyes,  clearly  many  points  in  the  stereoscopic  pictures  are 
superposed  which,  strictly  speaking,  do  not  fall  upon  identical  points  of  the  retina. 
Hence  we  cannot  characterise  the  identical  points  of  the  retina  as  coinciding 
mathematically  ;  but  from  a  i^hysiological  point  of  view  we  must  regard  such  points 
as  identical,  which,  as  a  rule,  by  simultaneous  stimulation,  give  rise  to  a  single 
image.  The  mind  obviously  plays  a  part  in  this  combination  of  images.^  There 
is  a  certain  psychical  tendency  to  fuse  the  double  images  on  the  retina  into  one 
image,  in  accordance  with  the  fact  that  we,  from  experience,  recognise  the 
existence  of  a  single  object.    If  the  differences  between  two  stereoscopic  pictures 
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be  too  creat,  so  that  parts  of  tlie  retina  too  wide  apart  are  excited  thereby,  or 
when  new  lines  are  present  in  a  picture,  and  do  not  admit  of  a  stereoscopic  effect, 
or  disturb  the  combination,  then  the  stereoscopic  effect  ceases. 

The  stereoscope  is  an  instrument  by  moans  of  which  two  somewhat  similar  pictures  drawn 
in  perspective  may  be  superposed  so  that  they  appear  single.  Wheatstonc  (1838)  obtained  this 
result  by  means  of  two  mirrors  placed  at  an  angle  (lig  570);  Brewster  (1843)  by  two  inisms  (fig. 
571).    The  construction  and  mode  of  action  are  obvious  from  the  illustrations. 

Some  pairs  of  two  such  pictures  may  bo  combined,  without  a  stereoscope,  by  directing  the 
visual  axis  of  each  eye  to  the  picture  held  opposite  to  it. 

Two  completely  identical  pictures,  i.e.,  in  which  all  corresponding  points  have  exactly  the 
same  relation  to  each  other  as  the  same  sides  of  two  copies  of  a  book,  appear  quite  flat  under 
the  stereoscope  ;  as  soon,  however,  as  in  one  of  them  one  or  more  points  alters  its  relation  to 
the  corresponding  points,  this  pint  either  projects  or  recedes  from  the  plane. 

Telestereoscope. — AVhen  objects,  placed  at  a  great  distance,  are  looked  at,  e.g.,  the  most 
distant  part  of  a  landscape,  they  appear  to  us  to  be  flat,  as  in  a  picture,  and  do  not  stand  out, 
because  the  slight  dift'erences  of  position  of  our  eyes  in  the  head  are  not  to  be  compared  with 
the  threat  distance.  In  order  to  obtain  a  stereoscopic  view  of  such  objects,  v.  Helmholtz 
constructed  the  telestereoscope  (fig.  572),  an  apparatus  which  by  means  of  two  parallel  mirrors, 
places,  as  it  were,  the  point  of  view  of  both  eyes  wider  apart. 
Of  the  mirrors,  L  and  K  each  projects  its  image  of  the  landscape 
upon  I  and  r,  to  which  both  eyes,  0,  0,  are  directed.  Accord- 
ing to  the  distance  between  L  and  R  the  eyes,  O,  0,  as  it  were, 
are  displaced  to  0„  0,.  The  distant  landscape  appears  like  a 
stereoscopic  view.  In  order  to  see  distant  parts  more  clearly 
and  nearer,  a  double  telescope  or  opera-glass  may  be  placed  in 
front  of  the  eyes. 

Take  two  corresponding  stereoscopic  pictures,  with  the  surfaces 
black  in  one  case  and  light  in  the  other.  Draw  two  truncated 
pyramids  like  fig.  569,  make  one  figixre  exactly  like  L,  i.e., 


0  0 

Fig.  572. 

Telestereoscope  of  v.  Helmholtz. 


Fig.  573. 

Wheatstone's  Pseudoseope. 


mth  a  white  surface  and  black  lines,  and  the  other  with  white  lines  and  a  black  surface,  then 
under  the  stereoscope  such  objects  glance.  The  cause  of  the  glancing  condition  is  that  the 
glancing  body  at  a  certain  distance  reflects  bright  light  into  one  eye  and  not  into  the  other, 
because  a  ray  reflected  at  an  angle  cannot  enter  both  eyes  simultaneously  [Dove). 

Wheatstone's  Pseudoseope  consists  of  two  right-angled  prisms  (fig.  573,  A  and  B)  enclosed 
in  a  tube,  through  which  we  can  look  in  a  direction  parallel  with  the  surfaces  of  the 
hypothenuses.  If  a  spherical  surface  be  looked  at  with  this  instrument,  the  image  formed  in 
each  eye  is  inverted  laterally.  The  right  eye  sees  the  view  usually  obtained  by  the  left  eye, 
and  conversely ;  the  shadow  which  the  body  in  the  light  throws  upon  a  light  ground  is  reversed. 
Hence  the  ball  appears  hollow. 

Struggle  of  the  Fields  of  Vision. — The  stereoscope  is  also  usefijl  for  the  following  pui'pose : — 
In  vision  with  both  eyes,  both  eyes  are  almost  never  active  simultaneously  and  to  the  same 
extent ;  both  iindergo  variations,'so  that  first  the  impression  on  the  one  retina  and  then  that  on 
the  other  is  stx'onger.  If  two  difl'erent  surfaces  be  placed  in  a  stereoscope,  then,  especially  when 
they  are  luminous,  these  two  alternate  in  the  general  field  of  vision,  according  as  one  or  other 
eye  is  active  {Panum).  Take  two  surfaces  with  lines  ruled  on  them,  so  that  when  the  surfaces 
are  superposed  the  lines  will  cross  each  other,  then  either  the  one  or  the  other  system  of  lines  is 
more  prominent  {Pammi).  The  same  is  true  with  coloured  stereoscopic  figures,  so  that  there  is 
a  contest  or  struggle  of  the  coloured  fields  of  vision. 

403.  ESTIMATION  OF  SIZE  AND  DISTANCE.— Size.— We  estimate  the 
size  of  an  object — apart  from  all  other  factors — from  the  size  of  the  retinal  image  ; 
thus  the  moon  is  estimated  to  be  larger  than  the  stars.    If,  while  looking  at  a 
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distant  landscape,  a  fly  should  suddenly  pass  across  our  field  of  vision,  near  to  our 
eye,  then  the  image  of  the  fly,  owing  to  the  relatively  great  size  of  the  retinal 
image,  may  give  one  the  impression  of  an  object  as  large  as  a  bird.  If,  owing  to 
defective  accommodation,  the  image  gives  rise  to  diftusion  circles,  the  size  may 
appear  to  be  even  greater.  But  objects  of  very  unequal  size  give  equally  large 
retinal  images,  especially  if  they  are  placed  at  such  a  distance  that  they  form  the 
same  visual  angle  (fig.  531) ;  so  that  in  estimating  the  actual  size  of  an  object, 
as  opposed  to  the  apparent  size  determined  by  the  visual  angle,  the  estimate  of 
distance  is  of  the  greatest  importance. 

As  to  the  distance  of  an  object,  we  obtain  some  information  from  the  feeling  of 
accommodation,  as  a  greater  efiort  of  the  muscle  of  accommodation  is  required  for 
exact  vision  of  a  near  object  than  for  seeing  a  distant  one.  But,  as  with  two 
objects  at  unequal  distances  giving  retinal  images  of  the  same  size,  we  know  from 
experience  that  that  object  is  smaller  which  is  near,  then  that  object  is  estimated 
to  be  the  smaller  for  which,  during  vision,  we  must  accommodate  more  strongly. 

In  this  way  we  explain  the  following  ;— A  person  beginning  to  use  a  microscope  always  ob- 
serves with  his  eyes  accommodated  for  a  near  object,  while  one  used  to  the  microscope  looks 
through  it  without  accommodating.  Hence  beginners  always  estimate  microscopic  objects  as 
too  small,  and  on  making  a  drawing  of  them  it  is  too  small.  If  we  produce  an  after-image  in 
one  eye,  it  at  once  appears  smaller  on  accommodating  for  a  near  object,  and  again  becomes 
larger  during  negative  accommodation.  If  we  look  with  one  eye  at  a  small  body  placed  as  near 
as  possible  to  the  eye,  then  a  body  lying  behind  it,  but  seen  only  indirectly,  appears  smaller. 

Angle  of  Convergence  of  Visual  Axes.— In  estimating  the  size  of  an  object, 
and  taking  into  account  our  estimate  of  its  distance,  we  also  obtain  much  more 
important  information  from  the  degree  of  convergence  of  the  visual  axes.  We  refer 
the  position  of  an  object,  viewed  with  both  eyes,  to  the  point  where  both  visual  axes 
intersect.  The  angle  formed  by  the  two  visual  axes  at  this  point  is  called  the 
"angle  of  convergence  of  the  visual  axes"  ("  Gesichtswinkel").  The  larger,  there- 
fore, the  visual  angle,  the  size  of  the  retinal  image  remaining  the  same — we  judge 
the  object  to  be  nearer.    The  nearer  the  object  is,  it  may  be  the  smaller,  in  order 

to  form  a  "  visual  angle "  of  the  same  size, 
such  as  a  distant  large  object  would  give. 
Hence,  we  conclude,  that  with  the  same  appa- 
rent size  (equally  large  visual  angle,  or  retinal 
images  of  the  same  size)  we  judge  that  object 
to  be  smallest  which  gives  the  greatest  con- 
vergence of  the  visual  axes  during  binocular 
vision.  As  to  the  muscular  exertion  necessary 
for  this  purpose,  we  obtain  information  from 
the  muscular  sense  of  the  ocular  muscles. 


Experiments  and  Proofs — The  chess-board  pheno- 
menon of  H.  Meyer. — 1.  If  we  look  at  a  uniform 
chcss-board-like  pattern  (tapestry  or  carpet),  then, 
when  the  visual  axes  are  directed  directly  forwards, 
the  spaces  on  the  pattern  appear  of  a  certain  size.  If, 
now,  we  look  at  a  nearer  object,  we  may  cause  the 
visual  axes  to  cross,  when  the  pattern  apparently  moves 
towards  the  plane  of  the  fixed  point,  so  that  the  crossed 
double  images  are  superposed,  and  the  pattern  at  once 
appears  smaller. 

2.  Rollett  looks  at  an  object  through  two  thick 
prisms  of  glass  placed  at  an  angle.  The  plates  are  at 
one  time  so  placed  that  the  apex  of  the  angle  is 
directed  towards  the  obsei-ver  (fig.  574,  II),  at  another  in  the  reverse  position  (I).  If  both  eyes, 
/and  i,  are  to  see  the  object  a,  in  I,  then  as  the  glass  plates  so  displace  the  rays,  a,  c,  and  a,  g, 
as  to  make  them  parallel  with  the  direction  of  these  rays,  viz.,  c, /,  and  h,  i,  then  the  eyes 
must  converge  more  than  when  they  are  turned  directly  towards  a.  Hence  the  object  appears 
nearer  and  smaller,  as  at  a.    In  II,  the  rays,     k,  and     o,  from  the  nearer  object  b^,  fall  upon 


Fig.  574. 
Rollett's  glass  plate  apparatus. 
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the  glass  plates.    In  order  to  see  bj,  the  eyes  (n  and  q)  must  diverge  more,  so  that  b  appears 
more  distant  and  larger. 

3.  In  looking  through  IVhcatstonc' s  reflecting  stereoscope  (fig.  571),  it  is  obvious  that  the  more 
the  two  images  approach  the  observer,  the  more  must  the  observer  converge  his  visual  axes, 
because  the  angles  of  incidence  and  rellcxion  are  greater.  Hence  the  compound  pictui'e  now 
appears  to  him  to  be  smaller.  If  the  centre  of  the  imago,  R,  recedes  to  Rj,  then  of  course  the 
angle,  S^,  rp,  is  equal  to  Sj,  rRj,  and  the  same  on  the  left  side. 

4.  In  using  the  telestereoscope,  the  two  eyes  are,  as  it  were,  separated  from  each  other,  then 
of  course  in  looking  at  objects  at  a  certain  distance  the  convergence  of  the  visual  axes  must  be 

•greater  than  in  normal  vision.  Hence,  objects  in  a  landscape  appear  as  in  a  small  model.  But 
as  we  are  accustomed  to  infer  that  such  small  objects  are  at  a  great  distance,  hence  the  objects 
themselves  appear  to  recede  in  the  distance. 

Estimation  of  Distance, — When  the  retinal  images  are  of  the  same  size,  we 
estimate  the  distance  to  be  greater  the  less  the  eflfort  of  accommodation,  and  con- 
versely. In  binocular  vision,  when  the  retinal  images  are  of  the  same  size,  we 
infer  that  that  object  is  most  distant  for  which  the  optic  axes  are  least  converged, 
and  conversely.  Thus,  the  estimation  of  size  and  distance  go  hand  in  hand,  in  ' 
great  part  at  least,  and  the  correct  estimation  of  the  distance  also  gives  us  a  correct 
estimate  of  the  size  of  objects  {Descartes).  A  further  aid  to  the  estimation  of 
distance  is  the  observation  of  the  apparent  displacement  of  objects,  on  moving  our 
head  or  body.  In  the  latter,  especially,  lateral  objects  appear  to  change  their 
position  toward  the  background,  the  nearer  they  are  to  us.  Hence,  when  travel- 
ling in  a  train,  in  which  case  the  change  of  position  of  the  objects  occurs  very 
rapidly,  the  objects  themselves  are  regarded  as  nearer,  and  also  smaller  {Dove). 
Lastly,  those  objects  appear  to  us  to  be  nearest  which  are  most  distinct  in  the  field 
of  vision. 

Example. — A  light  in  a  dark  landscape,  and  a  dazzling  crown  of  snow  on  a  hill,  appear  to  be 
near  to  us ;  looked  at  from  the  top  of  a  high  mountain,  the  silver  glancing  curved  course  of  a 
river  not  unfrequently  appears  as  if  it  were  raised  from  the  plane. 

False  Estimates  of  Size  and  Direction.— 1.  A  line  divided  by  intermediate  points  appears 
longer  than  one  not  so  divided.  Hence  the  heavens  do  not  appear  to  us  as  a  hollow  sphere, 
but  as  curved  like  an  ellipse ;  and  for  the  last  reason  the  disc  of 
the  setting  sun  is  estimated  to  be  larger  than  the  sun  when  it  is  in 
the  zenith.  2.  If  we  move  a  circle  slowly  to  and  fro  behind  a  slit, 
it  appears  as  a  horizontal  ellipse ;  if  we  move  it  rapidly,  it  appears 
as  a  vertical  ellipse.  3.  If  a  very  fine  line  be  drawn  obliquely  across 
a  vertical  thick  black  line,  then  the  direction  of  the  fine  line  be- 
yond the  thick  one  appears  to  be  different  from  its  original 
d.irection.  4.  Zollner's  Lines. — Draw  three  parallel  horizontal 
lines  1  centimetre  apart,  and  through  the  upper  and  lower  ones 
draw  short  oblique  parallel  lines  in  the  direction  from  above  and 
the  left  to  below  and  the  right;  through  the  middle  line  draw 
similar  oblique  lines,  but  in  the  opposite  direction,  then  the  three 
horizontal  lines  no  longer  appear  to  be  parallel.  [Fig.  575  shows 
a  modification  of  this.    The  lines  are  actually  parallel,  although  Fig.  575. 

some  of  them  appear  to  converge  and  others  to  diverge.]    If  we  Zollner's  Lines, 

look  in  a  dark  room  at  a  bright  vertical  line,  and  then  bend  the 

head  towards  the  shoulder,  the  line  appears  to  be  bent  in  the  opposite  direction  (Aubert). 

404.  PROTECTIVE  ORGANS  OF  THE  EYE.— I.  The  eyeUds  are  represented  in  section  in 
fig.  576.  The  tarsus  is  in  reality  not  a  cartilage,  but  merely  a  rigid  plate  of  connective-tissue, 
in  which  the  Meibomian  glands  are  imbedded ;  acinous  sebaceous  glands  moisten  the  edges  of 
the  eyelids  with  fatty  matter.  At  the  basal  margin  of  the  tarsus,  especially  of  the  upper  one, 
close  to  the  reflection  of  the  conjunctiva,  open  the  acino-tubular  glands  of  Krause.  The  con- 
junctiva covers  the  anterior  surface  of  the  bulb  as  far  as  the  margin  of  the  cornea,  over 
which  the  epithelium  alone  is  continued.  On  the  posterior  surface  of  the  eyelid,  the  coniunctiva 
IS  partly  provided  with  papilla.  It  is  covered  by  stratified  prismatic  epithelium.  Coiled  glands 
occur  in  ruminants  just  outside  the  margin  of  the  cornea,  while  outside  this,  towards  the  outer 
angle  of  the  eye  in  the  pig,  there  are  simple  glandular  sacs.  Waldeyer  describes  modified 
sweat  glands  m  the  tarsal  margins  in  man.  Small  lymphatic  sacs  in  the  conjunctiva  are  called 
trachoma  glands.  Krause  found  end-bulbs  in  the  conjunctiva  bulbi  (§  424).  The  blood-vessels 
m  the  conjunctiva  communicate  with  the  juice-canals  in  the  cornea  and  sclerotic  (p.  737) 
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Tho  secretion  of  the  conjunctiva,  1)081(108  sonio  mucus,  consists  of  tears,  which  may  he  as 
abundant  as  that  formed  in  tho  laclirynial  ghinds. 

Closure  of  the  eyelids  is  effected  by  the  orbicularis  palpebrarum  {facial  nerve, 

§  349),  whereby  the  upper  lid  falls 
O  in  virtue  of  its  own  weight.  This 
^  muscle  contracts — (1)  voluntarily  ; 
(2)  involuntarily  (single  contrac- 
tions) ;  (3)  reflexly  by  stimulation 
of  all  the  sensory  fibres  of  the  tri- 
geminus distributed  to  the  bulb  and 
its  immediate  neighbourhood (§  347), 
also  by  intense  stimulation  of  the 
retina  by  light ;  (4)  continued  in- 
■JS  voluntary   closure    occurs  during 
sleep. 

Opening  of  the  eyelids  is  brought 
about  by  the  passive  descent  of  the 
lower  one,  and  the  active  elevation 
of  the  upper  eyelid  by  the  levator 
palpebrse  superioris  (§  345).  The 
smooth  muscular  fibres  of  the  eye- 
lids also  aid  (p.  593).  In  looking 
downwards,  the  lower  eyelid  is 
pulled  downwards  by  bands  of  con- 
nective-tissue which  run  from  the 
inferior  rectus  to  the  inferior  tarsal 
cartilage  (Schwalbe). 

n.  The  lachrymal  apparatus  consists 
of  the  lachr3rmal  glands,  which  in  struc- 
ture closely  resemble  the  parotid,  their 
acini  being  lined  by  low  cylindrical  granu- 
lar epithelinm.  Four  to  five  larger,  and 
eight  to  ten  smaller  excretory  ducts  con- 
duct the  tears  above  the  outer  angle  of 
the  lid  into  the  fornix  conjunctivte.  The 
tear  ducts,  hegiuning  at  the  puncta 
lachrymalis,  are  composed  of  connective 
and  elastic-tissue,  and  are  lined  by 
stratified  squamous  epithelium.  Striped 
muscle  accompanies  the  duct,  and  hy  its 
contraction  keeps  the  duct  open.  Toldt 
found  no  sphincter  sun-ounding  the 
Vertical  section  through  the  upper  eyelid.  A,  cutis  ;  P^^^ta  lachrymalia  while  Gerlach  found 
1,  epidermis;  2,  chorium  ;  i  and  3,  subcutaneous  an  mcomplete  circular  musculature  Th^ 
connective-tissue;  C  and  7,  orbicularis  muscle ;  D,  ''T^'^'T"" I^.dtinfn^ 
loose  sub-muscular  connective-tissue  ;  E,  insertion  and  canal  is  umted  ^" t^^^J^J 
ofH.  Miiller's  muscle  ;  J',  tarsus  ;  conjunctiva  ;  porf^^^eum  The  thin  mucous  membiane 
/,  inner,  K,  outer  edge  of  tiie  lid;  4,  pigmtnt-cells  ^vhich  contains  much  adenoid  tissue  and 
5  sweat  gknds;  6,  hair  follicles;  8  and°23,  sections  lymf-cells  is  hned  by  a  smgle  lay  r  ot 
.f.pvvP«.Q  .rt:Rries:  10.  veins:  h.  cilia:  12.  modi-  ciliated  cyhndrical  epithelium,  ^slnch 


of  nerves;  9,  arteries;  10,  veins;  11,  cilia;  12,  modi- 
fied sweat  glands;  13,  circular  muscle  of  Riolan  ;  '■"""''T       a""  r\Z"^V^Zl'\^'^'^r-;W,^A 
14,  Meibomian  gland;  15,  section  of  an  acinus  of  owning  of  the  duct  /^.^fte" 
the  same  ;  16,  posterior  tarsal  glands  ;  18  and  19,  ^^'ith  a  valve-like  fold  (Hasner  s  valve), 
tissue  of  the  tarsus  ;  20,  pretarsal  or  sub-muscular      The  conduction  of  the  tears  OC- 
connectivo-tissue ;  21  and  22,  conjunctiva,  with  its  ^^^^  between  the  lids  and  the  bulb 
epithelium  ;  24,  fat ;  25,  loosely  woven  posterior  ,     ^„„„„      rnmllnrifv  the  closure 
end  of  the  tarsus;  26,  section  of  a  palpebral  artery,  by  means 

of  the  eyelids  aiding  the  process. 

The  Meibomian  secretion  prevents  the  overflow  of  the  tears  [just  as  greasing  the 


THE  SECRETION  OF  TEAKS. 


795 


edge  of  a  glass  vessel  prevents  the  water  in  it  from  overflowing].  The  tears  are 
conducted  from  the  puncta  through  the  duct,  chiefly  by  a  siphon  action.  Horner's 
muscle  (also  known  to  Duvernoy,  1G78)  likewise  aids,  as  every  time  the  eyelids  are 
closed  it  pulls  upon  the  posterior  wall  of  the  sac,  and  thus  dilates  the  latter,  so 
that  it  aspirates  tears  into  it  (Henke), 

E.  H.  Weber  and  Plasuer  ascribe  the  aspiration  of  the  tears  to  the  diminution  of  the  amount 
of  air  in  the  nasal  cavities  during  inspiration.  Arlt  assorts  that  the  tear  sac  is  compressed  by 
the  contraction  of  the  orbicularis  muscle,  so  tliat  the  tears  must  be  forced  towards  the  nose. 
Lastly,  Stellwag  supposes  that  when  the  eyelids  are  closed  the  tears  are  simply  pressed  into  the 
puncta,  while  Gad  denies  that  there  is  any  kind  of  pumping  mechanism  in  the  nasal  canal. 
Landois  points  out  that  the  tear  ducts  are  surrounded  by  a  plexus  of  veins,  which  according  to 
their  state  of  distension  may  influence  the  size  of  these  tubes. 

The  secretion  of  tears  takes  place  only  by  direct  stimulation  of  the  lachrymal 
nerve  (§  347,  I.,  2),  subcutaneous  malar  (§  347,  II.,  2),  and  cervical  sympathetic 
(§  356,  A,  6),  which  have  been  called  secretory  nerves.  Secretion  may  also  be 
excited  reflexly  (p.  591)  by  stimulation  of  the  nasal  mucous  membrane  only  on  the 
same  side  [Herzenstein).  The  ordinary  secretion  in  the  waking  condition  is  really 
a  reflex  secretion  produced  by  the  stimulation  of  the  anterior  surface  of  the  bulb 
"by  the  air,  or  by  the  evaporation  of  tears.  A  very  bright  light  also  causes  a 
reflex  secretion  of  tears,  the  optic  being  the  afEerent  nerve.  The  centre  in  the 
rabbit  does  not  extend  forward  beyond  the  origin  of  the  fifth  nerve,  but  it  extends 
downwards  to  the  fifth  vertebra  {Eckliard).  During  sleep  all  these  factors  are 
absent,  and  there  is  no  secretion.  Histological  changes. — Eeichel  found  that  in 
the  active  gland  (after  injection  of  pilocarpin)  the  secretory  cells  became  granular, 
turbid,  and  smaller,  while  the  outlines  of  the  cells  became  less  distinct,  and  the 
nuclei  spheroidal.  In  the  resting  gland,  the  cells  are  bright  and  slightly  granular 
with  irregular  nuclei.  Intense  stimulation  by  light  acting  on  the  optic  nerve  causes 
a  reflex  secretion  of  tears.  The  flow  of  tears  accompanying  certain  violent  emotions, 
and  even  hearty  laughing,  is  still  unexplained.  During  coughing  and  vomiting 
the  secretion  of  tears  is  increased  partly  reflexly,  and  partly  by  the  outflow  being 
prevented  by  the  expiratory  pressure. 

Function. — The  tears  moisten  the  bulb,  protect  it  from  drying,  and  float  away 
small  particles,  being  aided  in  this  by,  the  closure  of  the  eyelids.  Atropin 
diminishes  the  tears  {Mogaard). 

Composition. — The  tears  are  alkaline,  saline  to  taste,  and  represent  a  "  sei'ous  " 
secretion.  Water  98"1  to  99;  1"46  organic  substances  (0"1  albumin  and  mucin, 
O'l  epithelium) ;  0"4  to  0-8  salts  (especially  NaCl) 

[Action  of  Drugs. — Essential  volatile  oils  and  eserin  increase  the  secretion  of  tears,  atropin 
arrests  it,  while  eserin  antagonises  the  effect  of  atropin  and  causes  an  increased  secretion.] 

405.  COMPARATIVE— HISTORICAL.— Comparative.— The  simplest  form  of  visual  appa- 
ratus is  represented  by  aggregations  of  pigment-cells  in  the  outer  coverings  of  the  body,  which 
are  in  connection  with  the  termination  of  afferent  nerves.  The  pigment  absorbs  the  rays  of 
light,  and  in  virtue  of  the  light-ether  discharges  kinetic  energy,  which  excites  the  terminations 
of  the  nervous  apparatus.  Collections  of  pigment-cells,  with  nerve-fibres  attached,  and  pro- 
vided with  a  clear  refractive  body,  occur  on  the  margin  of  the  bell  of  the  higher  medustc,  while 
the  lower  forms  have  only  aggregations  of  pigment  on  the  bases  of  their  tentacles.  Also,  in 
many  lower  worms  there  are  pigment  spots  near  the  brain.  In  others,  the  pigment  lies  as  a 
covering  round  the  terminations  of  the  nerves,  which  occur  as  "crystalline  rods"  or  "crystal- 
line spheres."  In  parasitic  worms,  the  visual  apparatus  is  absent.  In  star-fishes,  the  eyes  are 
at  the  tips  of  the  arms,  and  consist  of  a  spherical  crystal  organ  surrounded  with  pigment,  with 
a  nerve  going  to  it.  In  all  other  echinodermata  there  are  only  accumulations  of  pigment. 
Amongst  the  annulosa  there  are  several  grades  of  visual  apparatus — (1)  Without  a  cornea,  there 
may  be  only  one  crystal  sphere  (nervous  end-organ)  near  the  brain,  as  in  the  young  of  the  crab  ; 
or  there  may  be  several  crystal  spheres  forming  a  compound  eye,  as  in  the  lower  crabs.  (2) 
With  a  cornea,  consisting  of  a  lenticular  body  formed  from  the  chitiu  of  the  outer  integument, 
the  eye  itself  may  be  simple,  merely  consisting  of  one  crystal  rod,  or  it  may  be  compound.  The 
compound  eye  consists  of  only  one  largo  lenticular  cornea,  common  to  all  the  crystal  rods,  as  in 
the  spiders  ;  or  each  crystal  rod  has  a  special  lenticular  cornea  for  itself.    The  numerous  rods 
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.surrounded  by  pigment  are  closely  packed  togetlior,  and  are  arranged  upon  a  curved  surface,  so 
that  their  free  ends  also  form  a  part  of  a  spheie.    Tlie  chitinous  investment  of  the  liead  is 
facetted,  and  forms  a  small  corneal  lens  on  the  free  end  of  each  rod.    According  to  one  view 
each  facotto,  with  tlic  lens  and  the  crystal  sphere,  is  a  special  eye,  and  just  as  man  has  two  eyes 
so  insects  have  several  hundred.    Each  eye  sees  the  picture  of  the  oiiter  world  in  toto.  This 
view  is  supported  by  the  following  experiment  of  van  Leeuwenhoek  :— If  the  cornea  be  sliced 
off,  each  facotte  thereof  gives  a  special  image  of  an  object.    If  a  cross  be  made  on  the  mirror  of 
a  micrcscope,  wliile  a  piece  of  the  facetted  cornea  is  piaced  as  an  object  upon  the  stage,  then  we 
see  an  image  of  the  cross  in  each  facette  of  the  cornea.    Thus  for  each  rod  (crystal  sphere)  there 
would  be  a  special  image.    Each  corneal  facette,  however,  forms  only  a  part  of  the  image  of  the 
outer  world,  so  that  we  must  regard  the  image  as  composed  like  a  mosaic.    Amongst  moilusca, 
the  fixed  brachiopoda  have  two  pigment  spots  near  the  brain,  but  only  in  their  larval  condition  ; 
while  the  mussel  has,  under  similar  conditions,  pigment  spots  with  a  refractive  body.  The 
adult  mussel  however,  has  pigment  spots  (ocelli)  only  in  the  margin  of  the  mantel,  but  some 
molluscs  have  stalked  and  highly  developed  eyes.    Some  of  the  lower  snails  have  no  eyes,  some 
have  pigment  spots  on  the  head,  while  the  garden  snail  has  stalked  eyes  provided  with  a  cornea, 
an  optic  nerve  with  retina  and  pigment,  and  even  a  lens  and  vitreous  body.    Amongst  cepha. 
lopoda,  the  nautilus  has  no  cornea  or  lens,  so  that  the  sea-water  flows  freely  into  the  orbits. 
Others  have  a  lens  and  no  cornea,  while  some  have  an  opening  in  the  cornea  (Loligo,  Sepia, 
Octopus).    All  the  other  parts  of  the  eye  are  well  developed.    Amongst  vertebrata,  Amphioxus 
has  no  eyes.    They  exist  in  a  degenerated  condition  in  Proteus  and  the  mammal  Spalax.  In 
many  fishes,  amphibians,  and  reptiles,  the  eye  is  covered  by  a  piece  of  transparent  skin. 
[Pineal  or  Epiphysial  Eye.— Some  lizards,  e.g.,  Hatteria,  have  a  rudimentary  median  eye  in  the 
median  line  of  the  head,  and  lodged  in  the  parietal  foramen.    It  is  developed  from  the  pineal 
body,  and  its  lens  is  formed  from  the  optic  cup,  so  that  light  falls  upon  the  retina  without 
penetrating  the  fibres  of  the  optic  nerve.    Thus,  it  is  an  invertebrate  type  of  eye,  where  the 
retina  and  lens  are  developed  from  epideyual  structures,  while  in  the  vertebrate  eye,  the  retina 
is  developed  from  the  cerebrum.]    Some  hag-fishes,  the  crocodile,  and  birds  have  eyelids,  and  a 
nictitating  membrane  at  the  inner  angle  of  the  eye.  '  Connected  with  it  is  the  Harderian 
gland.    In  mammals  the  nictitating  membrane  is  represented  only  by  the  plica  semilunaris. 
There  is  no  lachrymal  apparatus  in  fishes.    The  tears  of  snakes  remain  under  the  watch-glass- 
like cutis  with  which  the  eyes  are  covered.    The  sclerotic  often  contains  cartilage  which  may 
ossify.    A  vascular  organ,  the  procesBiiB  falciformis,  passes  from  the  middle  of  the  choroid  into 
the  interior  of  the  vitreous  body  in  osseous  fishes,  its  anterior  extremity  being  termed  the 
campanula  Halleri.    Similarly,  there  is  the  pecten  in  birds,  but  it  is  provided  with  muscular 
fibres.    In  birds  the  cornea  is  surrounded  by  a  bony  ring.    T?he  whale  has  an  enormously  thick 
sclerotic.    In  aquatic  animals,  the  lens  is  nearly  spherical.    The  muBcles  of  the  iris  and 
choroid  are  transversely  striped  in  birds  and  reptiles.    The  retinal  rods  in  all  vertebrates  are 
directed  from  before  backwards,  while  the  analogous  elements  (crystal  rods  and  spheres)  in 
invertebrata  are  directed  from  behind  forward. 

Historical. — The  Hippocratic  School  were  acqirainted  with  the  optic  nerve  and  lens.  Aristotle 
(384  B.C.)  mentions  that  section  of  the  optic  nerve  causes  blindness — he  was  acquainted  with 
after-images,  short  and  long  sight.  Herophilus  (307  b.  c.  )  discovered  the  retina,  and  the  ciliary 
processes  received  their  name  in  his  school.  Galen  (131-203  A.D.)  described  the  six  muscles  of 
the  eyeball,  the  puncta  lachrymalia,  and  tear  duct.  Aerengar  (1521)  was  aware  of  the  fatty 
matter  at  the  edge  of  the  eyelids.  Stephanus  (1545)  and  Casseri  (1609)  described  the  Meibomian 
glands,  which  were  afterwards  redescribed  by  Meibom  (1666).  Fallopius  described  the  vitreous 
membrane  and  the  ciliary  ligament.  Plater  (1583)  mentions  that  the  posterior  surface  of  the 
lens  is  more  curved.  Aldrovandi  observed  the  remainder  of  the  pupillary  membrane  (1599). 
Observations  were  made  at  the  time  of  Vesalius  (1540)  on  the  refractive  action  of  the  lens. 
Leonardo  da  Vinci  compared  the  eye  to  a  camera  obscura.  Maurolykos  compared  the  action  of 
the  lens  to  that  of  a  lens  of  glass,  but  it  was  Kepler  (1611)  who  first  showed  the  true  refractive 
index  of  the  lens  and  the  formation  of  the  retinal  image,  but  he  thought  that  during  accommo- 
dation the  retina  moved  forward  and  backward.  The  Jesuit,  Scheiuer  (t  1650),  mentions,  how- 
ever, that  the  lens  becomes  more  convex  by  the  ciliary  processes,  and  he  assumed  the  existence 
of  muscular  fibres  in  the  uvea.  He  referred  long  and  short  sight  to  the  curvature  of  the  lens, 
and  he  first  showed  the  retinal  image  in  an  excised  eye.  With  regard  to  the  use  of  spectacles 
there  is  a  reference  in  Pliny.  It  is  said  that  at  the  beginning  of  the  14th  century  the  Floren- 
tine, Salvino  d'Armato  degli  Armati  di  Fir  (tl317),  and  the  monk,  Alessaudro  de  Spina  (tl313), 
invented  spectacles.  Kepler  (1611)  and  Descartes  (1637)  described  their  action.  Mayo(tlS52) 
described  the  3rd  nerve  as  the  constrictor  nerve  of  the  pupil.  Zinn  contributed  considerably 
to  our  knowledge  of  the  structure  of  the  eye.  Ruysch  described  muscular  fibres  in  the  iris,  and 
Monro  described  the  sphincter  of  the  pupil  (1794).  Jacob  described  the  bacillary  laj'er  of  the 
retina— Soemmering  (1791)  the  yellow  spot.  Brewster  and  Chossat  (1819)  tested  the  refractive 
indices  of  the  optical  media.    Purkinje  (1819)  studied  subjective  vision. 
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406.  THE  ORGAN  OF  HEARING— Stimulation  of  the  Auditory  Nerve. 

— The  normal  manner  in  which  the  auditory  nerve  is  excited,  is  by  means  of 
sonorous  vibrations,  which  set  in  motion  the  end-organs  of  the  acoustic  nerve, 
which  lie  ins  the  endolymph  of  the  labyrinth  of  the  inner  ear,  on  membranous 
expansions  of  the  cochlea 
and  semicircular  canals. 
Hence,  the  sonorous  vi- 
brations are  first  trans- 
mitted to  the  fluid  in 
the  labyrinth,  and  this, 
in  turn,  is  thrown  into 
waves,  which  set  the  end- 
organs  into  vibration. 
Thus,  the  excitement  of 
the  auditory  nerves  is 
brought  about  by  the 
mechanical  stimulation 
of  the  ivave-motion  of  the 
lymph  of  the  labyrinth. 

The  fluid  or  lymph 
of  the  labyrinth  is  sur- 
rounded by  the  exceed- 
ingly hard  osseous  mass 

of  the  temporal  bone  (iig.  ^. 

fouMis?°'and  "sbXtlv  'tT  -'^--l  ^^^^^^^ 

rounaisn    and    siigUtly     T,  tympanic  membrane;  K,  malleus  with  its  head  (A)  short 

process  {kf),  and  handle  (m);  a,  incus,  its  short  process  (x),  and 
Its  long  process  united  to  the  stapes  (s)  by  means  of  the  Sylvian 
ossicle _(s);  P,  middle  ear;  o,  fenesti-a ovalis ;  r,  fenestra  rotunda- 
X,  beginning  of  the  lamina  spiralis  of  the  cochlea  ;  pt  scala 
tympani,  and  vt,  scala  vestibuli;  V,  vestibule;  S,  saccule-  U 
utricle;  H,  semicircular  canals;  TE,  Eustachian  tube.  The 
long  arrow  indicates  the  line  of  traction  of  the  tensor  tympani  • 
middle  ear  or  tympanum    *  °        '^'^'"^'^'^       ^^^^  °f  t^ie  stapedius.  ^  ' 

(P).  Not  far  from  the  fenestra  rotunda  is  the  fenestra  ovaUs  (o\  in  which  the 
base  of  the  stapes  (.)  is  fixed  by  means  of  a  yielding  membranous  ring  The  outer 
surface  of  this  also  is  m  contact  with  the  air  in  the  middle  ear.  As  the  peXmph 
of  the  mner  ear  is  in  contact  at  these  two  places  with  a  yielding  boundary  i7i^ 

tvemtt  of  r^^-  !?^^        f""^^  "movements,  as  ft  must  follow  th 

movements  of  the  yielding  boundaries. 


  „„„  u^^^^^^j 

triangular  area,  the  fe- 
nestra rotunda  (r  ),  the 
fluid  is  bounded  by  a 
delicate  yielding  mem- 
brane, which  is  in  con- 
tact with  the  air  in  the 
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The  sonorous  vibrations  may  set  the  perilymph  in  vibration  in  three  different 
ways ; — 

1.  Condxiction  through  the  Bones  of  the  Head. — This  occurs  especially  when 
the  vibrating  solid  body  is  applied  directly  to  some  part  of  the  head,  e.ij.,  a  tuning- 
fork  placed  on  the  head,  the  sound  being  propagated  most  intensely  in  the 
direction  of  the  prolongation  of  the  handle  of  the  instrument — also  when  the  sound 
is  conducted  to  the  head  by  means  of  fluid,  as  when  the  head  is  ducked  under 
water.  Vibrations  of  the  air,  however,  are  practically  not  transferred  directly  to 
the  bones  of  the  head,  as  is  shown  by  the  fact  that  we  are  deaf  when  the  ears  are 
stopped. 

The  soft  parts  of  the  head,  which  lie  immediately  ui^on  bone,  conduct  sound  best,  and  of  the 
projecting  part,  the  best  conductor  is  the  cartilaginous  portion  of  the  external  ear.  But  even 
under  the  most  favourable  circumstance,  conduction  through  the  bones  of  the  head  is  far  less 
effective  than  the  conduction  of  the  sound-waves  through  the  external  auditory  meatus.  If  a 
tuning-fork  be  made  to  vibrate  between  the  teeth  until  we  no  longer  hear  it,  its  tone  may  still 
be  heard  on  bringing  it  near  the  ear  {Huine).  The  conduction  through  the  bones  is  favoured 
when  the  oscillations  are  not  transferred  from  the  bones  to  the  tym])anic  membrane,  and  are 
thus  transferred  to  the  air,  in  the  outer  ear.  Hence,  we  hear  the  sound  of  a  tuning-fork  applied 
to  the  head  better  when  the  ears  are  stopped,  as  this  prevents  the  propagation  of  the  sound- 
waves through  the  air  in  the  outer  ear.  If,  in  a  deaf  person,  the  conduction  is  still  normal 
through  the  cranial  bones,  then  the  cause  of  the  deafness  is  not  in  the  nervous  part  of  the  ear, 
but  in  the  external  sound-conducting  part  of  the  apparatus. 

2.  Normal  hearing  takes  place  through  the  external  auditory  meatus.  The 

enormous  vibrations  of  the  air  first  set  the  tympanic  membrane  in  vibration  (fig. 
577,  T) ;  this  moves  the  malleus  (h),  whose  long  process  is  inserted  into  it ;  the 
malleus  moves  the  incus  («),  and  this  the  stapes  (s),  which  transfers  the  movements 
of  its  plate  to  the  perilymph  of  the  labyrinth. 

3.  Direct  Conduction  to  the  Fenestra. — In  man,  in  consequence  of  occasional  disease  of  the 
middle  ear,  Avhereby  the  tympanic  membrane  and  auditory  ossicles  may  be  destroyed,  the 
auditory  apparatus  may  be  excited,  although  only  in  a  very  feeble  manner,  by  the  vibrations  of 
the  air  being  directly  transferred  to  the  membrane  of  the  fenestra  rotunda  (r),  and  the  parts 
closing  the  fenestra  ovalis  (o).  The  membrane  of  the  fenestra  rotunda  may  vibrato  alone,  even 
when  the  oval  window  is  closed  with  a  rigid  body  ( Wchcr-Liel). 

407.  PHYSICAL  INTRODUCTION.— Sound  is  produced  by  the  vibration  of  elastic  bodies 
capable  of  vibration.  Alternate  condensation  and  rarefaction  of  the  surrounding  air  are  thus 
produced  ;  or,  in  other  words,  sound-waves  in  which  the  particles  vibrate  longitudinally  or  in 
the  direction  of  the  propagation  of  the  sound  are  excited.  Around  the  point  of  origin  of  the 
sound,  these  condensations  and  rarefactions  occur  in  equal  concentric  cii-cles,  which  conduct 
the  sound  vibrations  to  our  outer  ear.  The  vibrations  of  the  sounding  body  are  so  called 
"stationary  vibrations,"  i.e.,  all  the  particles  of  the  vibrating  body  are  always  in  the  same 
phase  of  movement,  in  that  thev  pass  into  movement  simultaneously,  they  reach  the  maximum 
of  movement  simultaneously,  o'cj.,  in  the  particles  of  a  sounding  vibrating  metal  rod.  Sound 
is  produced  by  the  stationary  vibrations  of  elastic  bodies  ;  it  is  propagated  by  progressive 
wave-motion  of  elastic  media,  generally  the  air.  The  wave-length  of  a  tone,  i.e.,  the  distance 
of  one  maximum  of  condensation  to  the  next  one  in  the  air,  is  proportional  to  the  duration  of 
the  vibration  of  the  body,  whose  vibrations  produce  the  sound-waves.  .        y  a 

If  \  is  the  wave-length  of  a  tone,  t  in  second  the  durations  of  a  vibration  of  the  body 
producing  the  wave,  then  \  =  n  t,  where  «=340'88  metres,  which  is  the  rate  per  second  of 
propagation  of  sound-waves  in  the  air.  The  rapidity  of  the  transmission  of  sound-waves  in 
water  =  1435  metres  per  second,  i.e.,  nearly  four  times  as  rapid  as  in  au- ;  while,  in  sohds 
capable  of  vibration,  it  is  propagated  from  seven  to  eighteen  times  faster  than  ui  the  air. 
Sound-waves  are  conducted  best  through  the  same  medium;  when  they  have  to  pass  through 
several  media  they  are  always  weakened.  i.j   u  i.   i    •      i  •  i 

Eeflection  of  the  sound-waves  occurs  when  they  impinge  upon  a  solid  obstacle,  in  wincn  case 
the  angle  of  reflection  is  always  equal  to  the  angle  of  incidence. 

Wave  Movements.— We  distinguish— I.  Progressive  wave  movements  which  occur  m  two 
forms— (1)  As  longitudinal  waves,  in  which  the  individual  particles  ot  the  vibrating  body 
vibrate  around  their  centre  of  gravity  in  the  direction  of  the  propagation  of  the  wave  ;  examples 
are  the  waves  in  water  and  air.  This  movement  causes  an  accumulation  of  the  particles  at 
certain  places,  e.g.,  on  the  crests  of  the  waves  in  water-waves,  while  at  other  places  tUcy  arc 
diminished.  This  kind  of  wave  is  called  a  wave  of  condensation  and  rarefaction.  (2)  It, 
however,  each  particle  in  the  progressive  wave  moves  vertically  up  and  down,  i.e.,  trausvei-seiy 
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to  the  direction  of  the  propagation  of  the  wave,  then  we  have  the  simple  transverse  tuavcs,  or 
progressive  waves,  in  wliich  there  is  no  condensation  or  rarefaction  in  tlie  direction  of  projjaga- 
tion,  as  each  particle  is  merely  displaced  laterally.  An  example  of  this  is  the  progressive  waves 
in  a  rope, 

II.  Stationary  Flexion  Waves. — When  all  the  particles  of  an  elastic  vibrating  body  so 
oscillate  that  all  of  them  arc  always  in  the  same  phase  of  movement  as  the  limbs  of  a  vibrating 
tuning-fork  or  a  plucked  string,  then  this  kind  of  movement  is  described  as  stationary  flexion 
waves.  As  bodies,  whose  expansion  in  the  direction  of  oscillation  is  very  slight,  vibrate  to  and 
fro  in  the  stationary  flexion  wave,  so  we  sec  that  the  small  parts  of  the  auditory  apjiaratus 
(tympanic  membrane,  ossicles,  lymph  of  the  labyrinth)  oscillate  in  stationary  flexion  waves. 

408.  EAE  MUSCLES— EXTERNAL  AUDITORY  MEATUS.— When  the  external  ear  is 

absent,  little  or  no  impairment  of  the  hearing  is  observed  ;  hence,  the  physiological  functions 
of  these  organs  are  but  slight.  Boerhaave  thought  that  the  elevations  and  depressions  of  the 
outer  ear  might  be  connected  with  the  reflection  of  the  sound-waves.  Numerous  sound-waves, 
however,  must  be  again  reflected  outwards  ;  and  those  waves  which  reach  the  deep  part  of  the 
concha  are  said  to  be  reflected  towards  the  tragus,  to  be  reflected  by  it  into  the  external 
iauditory  meatus.  According  to  Schneider,  when  the  depressions  in  the  ear  are  filled  up  with 
wax,  hearing  is  impaired  ;  other  observers,  however,  have  found  the  hearing  to  be  nnafl'ected. 
Mach  points  out  that  the  dimensions  of  the  external  ear  are  proportionally  too  small  to  act  as 
reflecting  organs  for  the  wave-lengths  of  noises. 

Muscles  of  the  External  Ear. — (1)  The  whole  ear  is  moved  by  the  retrahentes,  attrahens,  and 
attollens.  (2)  The  form  of  the  ear  may  be  altered  by  the  tragicus,  antitragicus,  helicis  major 
and  minor  internally ;  and  by  the  transversus  and  obliquus  auriculte  externally.  Persons  who 
can  move  their  ears  do  not  find  that  the  hearing  is  influenced  during  the  movement.  The  Mm. 
helicis  major  and  minor  are  regarded  as  elevators  of  the  helix,  the  transversus  and  obliquus 
auriculffi  as  dilators  of  the  concha  ;  the  tragicus  and  antitragicus  as  constrictors  of  the  meatus. 
In  animals,  the  external  ear  and  the  action  of  its 
muscles  have  a  marked  effect  upon  hearing.  The 
muscles  point  the  ear  in  the  direction  of  the  sound, 
while  other  muscles  contract  or  dilate  the  space  within 
the  external  ear.  In  many  diving  animals,  the  meatus 
can  be  closed  by  a  kind  of  valve. 

The  external  meatus  is  3  to  .3-25  cm.  long 
[1^  to  IJ  inch],  8  to  9  mm.  high,  and  6  to  8 
mm.  broad  at  its  outer  opening  (fig.  578).  It 
is  the  conductor  of  the  sound-waves  to  the 
tympanic  membrane,  so  that  almost  all  the 
sound-waves  first  impinge  upon  its  wall,  and 
are  then  reflected  towards  the  tympanic  mem- 
brane. To  see  well  down  into  the  meatus,  we 
must  pull  the  auricle  upwards  and  backwards. 
Occlusion  of  the  meatus,  especially  by  a  plug 
of  inspissated  wax  (§  287),  of  course  interferes 
with  the  hearing,  [and  when  it  presses  on  the 
membrana  tympani  may  give  rise  to  severe  The  external  auditory  meatus  and  the 
vertigo].  tympanic  cavity.    M,  osseous  spaces  in 

yi  r\r\    rpxr-tur-n  a  titt/^i    n«-r.-.ir-r>-r,  .  rr,.  temporal  bone  ;  Pc,  cartilaginous 

409.  TYMPANIC  MEMBRANE.— The  part  of  the  meatus  ;  L,  membranous 
tympanic  membrane,  which  is  tolerably  laxly  union  betw  een  both  ;  F,  auricular  sur- 
fixed  in  a  special  osseous  cleft,  with  a  thickened  condyle  of  the  lower  jaw. 
margin,  is  an  elastic,  unyielding,  and  almost  non-extensible  membrane  of  about  O'l 
mm.  m  thickness,  and  with  a  superficial  area  of  50  square  millimetres  (fig.  581). 
It  is  elliptical  in  form,  its  greater  diameter  being  9-5  to  10  mm.,  and  its  lesser  8 
mm.,  and  it  is  fixed  in  the  floor  of  the  external  meatus  obliquely,  at  an  angle  of 
40  ,  being  directed  from  above  and  outwards,  downwards  and  inwards  Both 
tympanic  membranes  converge  anteriorly,  so  that  if  both  were  prolonged  thev 
would  meet  to  form  an  angle  of  130"  to  135°.  The  oblique  position  enables  a  larger 
surlace  to  be  presented  than  would  be  obtained  if  it  were  stretched  vertically  so 
that  more  sound-waves  can  fall  vertically  upon  it.  The  membrane  is  not  stretched 
nat,  but  a  little  under  its  centre  (umbilicus)  it  is  drawn  slightly  inwards  by  the 
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handle  of  the  malleus,  which  is  attached  to  it ;  while  the  short  process  of  the 
malleus  slightly  bulges  out  the  membrane  near  its  upper  margin  (figs.  577,  584). 

Structure. — The  tympanic  inembianc  consists  of  three  layers  : — (1)  Tlie  membrana  propria 
is  a  librous  nieuibrano  with  radial  fibres  on  its  outer  surface,  and  circularly  arranged  fibres  on 

its  inner  aspect.  (2)  The 
surface  directed  towards  the 
meatus  is  covered  with  a  thin 
and  semi-transparent  part  of 
the  cutis.  (3)  The  side  to- 
wards the  tympanum  is  cover- 
ed with  a  delicate  mucous 
membrane,  with  simple  squa- 
mous epithelium.  Numerous 
nerves  and  lymph-vessels,  as 
well  as  inner  and  outer  blood- 
vessels, occur  in  the  mem- 
brane. 

[The  middle  layer,  or 
substantia  propria,  is  fixed 
to  a  ring  of  bone,  which 
is  deficient  above.    It  is 
filled  up  by  a  layer  com- 
posed of  the  mucous  and 
cutaneous    layers  called 
Tympanic  membrane  with  the  auditory  ossicles  (left)  the  membrana  Jlaccida,  or 
seen  from  within.    Ci,  incus ;  Cm,  malleus  ;  Ch,  chorda  tym-  Shrapnell's  membrane.l 
pani  ;  T,  pouch-like  depression  (after  Urbantschitsch).     Fig.      ^p^o™^r,o«^«  wi,o„ 
580. -Tympanic  membrane  and  the  auditory  ossicles  (left)  seen     [Examination. --AVhen  ex- 
from  within,  i.e.,  from  the  tympanic  cavity.    M,  manubrium  ^mining  the  outer  ear  and 
or  handle  of  the  malleus  ;  T^  insertion  of  the  tensor  tympani ;  membrana  tympani.  pull  the 
A,  head;  IF,  long  process  of  the  malleus;  a,  incus,  with  the  ^^'f^  ^P^vards   and  back- 
short  (K)  aid  the  long  (I)  process;  S,  plate  of  the  stapes;  wards-    The  membrana  tym- 
A.;,  A.X,  is  the  common  Lis  of  rotation  of  the  auditory  ossicles  ;  P^n^     examined  by^means^of 
S,  the  pinion-wheel  arrangement  between  the  malleus  and 
incus.    Fig.  581. — Tympanic  membrane  of  a  new-bom  child 
seen  from  without,  ^vith  the  handle  of  the  malleus  visible  on  it. 
At,  tympanic  ring  with  its  anterior  {v)  and  posterior  (h)  ends. 


Fig.  579. 


an  ear  speculum  (fig.  582). 
The  speculum  is  placed  in 
the  ear,  and  light  is  re- 
flected into  it  by  means  of  a 
concave  mirror,  perforated  in 
the  centre,  and  having  a  focal  distance  of  four  or  five  inches.  It  is  convenient  to  have  the 
mirror  fixed  to  a  band  placed  round  the  head,  as  in  the  case  of  the  laryngoscopic  reflector 
(fig.  359).  It  is  important  to  remember  that  the  membrane  is  placed  obliquely,  so  that  the 
posterior  and  upper  parts  are  nearer  the  surface.  The  membrane  in  health  is  greyish  in  colour 
and  transparent,  so  that  the  handle  of  the  malleus  is  seen  running  from 
above  downwards  and  backwards,  while  at  the  anterior  and  inferior  part 
there  is  a  cone  of  light  with  its  apex  directed  inwards.] 

Function. — The  tympanic  membrane  catches  up  the  sound- 
waves which  penetrate  into  the  external  meatus,  and  is  set  into 
vibration  by  them,  the  vibrations  corresponding  in  number  and 
amplitude  to  the  vibrating  movements  of  the  air.  Politzer 
connected  the  auditory  ossicles  fixed  to  the  tympanic  membrane 
of  a  duck  with  a  recording  apparatus,  and  could  thus  register 

Othe  vibrations  produced  by  sounding  any  particular  tone.  Owing 
to  its  small  dimensions,  the  tympanic  membrane  can  vibrate 

Ovi  ioto,  to  and  fro  in  the  direction  of  the  sound-waves  correspond- 
ing to  the  condensations  and  rarefactions  of  the  vibrating  air,  and 
therefore  executes  transverse  vibrations,  for  which  it  is  specially 
Ear  snecula  of     adapted,  owing  to  the  relatively  slight  resistance, 
various  sizes.         Fundamental  Note.— Stretched  strings  and  membranes  are 
cenerallv  only  thrown  into  actual  and  considerable  sympathetic  vibration  when 
they  are  affected  by  tones  which  correspond  mth  their  own  fundamental  tone,  or 
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whose  number  of  vibrations  is  some  multii^Ie  of  the  number  of  vibrations  of  the 
same,  as  the  octave.  "When  other  tones  act  on  them,  they  exhibit  only  inconsider- 
able sympathetic  vibration.  If  a  membrane  be  stretched  over  a  funnel  or  cylinder, 
and  if  a  nodule  of  sealing  wax  attached  to  a  silk  thread  be  made  just  to  touch  the 
centre  of  the  membrane,  then  the  sealing  wax  remains  nearly  at  rest  when  tones  or 
sounds  are  made  in  the  neighbourhood  ;  as  soon,  however,  as  the  fundamental  or 
proper  tone  of  this  arrangement  is  sounded,  the  nodule  is  propelled  by  the  strong 
vibrations  of  the  membrane. 

If  we  apply  this  to  the  tympanic  membrane,  then  it  also  should  exhibit  very 
great  vibrations  when  its  own  fundamental  note  is  sounded,  but  only  slight 
vibrations  when  other  tones  are  jjroduced.    This,  however,  would  produce  great 
inequality  in  the  audible  sounds.    There  is  an  arrangement  of  the  membrane  where- 
by this  is  prevented.    (1)  Great  resistance  is  offered  to  the  vibrations  of  the 
tympanic  membrane,  owing  to  its  union  with  the  auditory  ossicles.    These  act  as  a 
damping  apparatus,  which  provides,  as  in  damped  membranes  generally,  that  the 
tympanic  membrane  shall  not  exhibit  excessive  sympathetic  vibrations  for  its  own 
fundamental  note.    But  the  damping  also  makes  the  sympathetic  vibrations  less 
for  all  the  other  tones.    In  this  way,  all  vibrations  of  the  tympanic  membrane  are 
modified;  especially,  however,  is  the  excessive  vibration  diminished  during  the 
sounding  of  its  fundamental  tone.    The  membrane  is  at.  the  same  time  rendered 
more  capable  of  responding  to  the  vibrations  of  different  wave-lengths.    The  damp- 
ing &ho  jyrevents  after-vibrations.     (2)  Corresponding  to  the  small  mass  of  the 
tympanic  membrane,  its  sympathetic  ^pibrations  must  also  be  small.  Nevertheless, 
these  slight  elongations  are  quite  sufficient  to  convey  the  sonorous  movements  to 
the  most  delicate  end-organs  of  tl^e  auditory  nerve ;  in  fact,  there  are  arrangements 
in  the  tympanum  which  still  further  diminish  the  vibrations  of  the 
tympanic  membrane. 

As  V,  Helmholtz  has  shown,  the  strong  sj'mpathetic  vibrations  of  the  tym- 
pamc  membrane  are  not  completely  set  aside  by  this  damping  arrangement. 
1  he  painful  sensations  produced  by  some  tones  are,  perhaps,  due  to  the  sympa- 
ttietic  vibration  of  the  membrana  tympaui.  According  to  Kessel,  certain  parts 
of  the  membrane  vibrate  to  certain  tones;  the  shortest  radial  iibres  at  the 
upper  part  of  the  anterior  and  upper  segment  vibrate  with  the  highest  tones, 
the  longest  fibres  at  the  posterioii-  segment  with  the  deepest  tones.  At  the 
upper  part  of  the  posterior  segment  noises  are  transmitted. 

According  to  Fick,  the  tympanic  membrane,  besides  possessing  the  property 
ot  taking  up  all  vibrations  with  nearly  equal  intensity,  has  also  the  properties 
ot  a  resonance  apparatus  ;  i.e.,  it  causes  a  summation  of  the  energy  of  suc- 
cessive vibrations.    This  is  due  to  the  funnel-shape  of  the  membraSe,  and  to 

P  +1,  1  '         insertion  of  the  handle  of  the  malleus.'  Fig.  583. 

f..      .1     *'*^'T^^^°^"^''^°S^     inequalities  of  the  tympanic  membrane  inter-  Toynbee's  artifi- 
Hnn         i    acuteness  of  hearing,  owing  to  the  diminished  capacity  for  vibra-     cial  membrana 
tion  theieby  produced.    Holes  m  and  loss  of  its  substance  act  similarly.    In  tympani. 
extensive  destruction,  an  artificial  tympanum  is  placed  in  the  external  meatus, 

^8^«l.Ly  "  ^^P^'''^^  °f  tJie  lost  membrane  (Toynhee).  [Fig. 

sad  shows  an  artificial  tympanic  membrane.]  ^     l  s- 

410  AUDITORY  OSSICLES  AND  THEIR  MUSCLES.-The  auditory 
ossicles  have  a  double  function.-(l)  By  means  of  the    chain  "  which  they  form, 

Lbvr  T  /9^  VK^'^V''^^'^^^^*y"P''^^'  membrane  to  the  perilymph  of  th^ 
labyrinth     (2)  They  also  afford  points  of  attachment  for  the  muscles  of  the  middle 

lymph  5  thriabyrkth^  membrana  tympani,  and  the  pressure  on  the 

.^f^^^^^^f-—^^^  form  &nd  2}osition  of  the  ossicles  are  given  in  figures  584  and 
mpnn.  of  tT  •'T*''^  ^^'""^  tympanic  membrane,  M,  by 

The  modV  of  ^^1?''  I 'T^^     ^"^«*^P^«'     with  the  perilymph  of  the  labyrinth 
thp  ,3r.  «   tl^e  ossicles  is  of  special  importance.    The  handle  of 

the  malleus  is  hrmly  united  to  the  fibres  of  the  tympanic  membrane  (fig.  585,  »). 
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Besides  this,  the  malleus  is  fixed  by  Hcjcmients  which  prescribe  the  direction  of  its 
movements.'  Two  ligaments — the  lig.  mallei  anticum  (passing  from  the  processus 
Folianus)  and  the  posticum  (from  a  small  crest  on  the  neck) — together  form  a  com- 
mon axial  band  (v.  Jlelmholtz),  which  acts  in  the  direction  from  behind  forwards,  i.e., 
parallel  to  the  surface  of  the  tympanic  membrane.  The  neck  of  the  malleus  lies 
between  the  insertions  of  both  ligaments.    The  united  ligament  determines  the 

"  axis  of  rotation "  of  the 
movement  of  the  malleus. 

"When  the  handle  of  the 
malleus  is  drawn  inwarda,  of 
course  its  head  moves  in  the 
opposite  direction,  or  outwards. 
The  incus,  a,  is  only  partially 
fixed  by  a  ligament,  which  at- 


Bifi,d.    A.g'.  ,  .xtera.1  mate  ;  M,  memtean.  t,mp...,  which  is  .ttacbed  M      kan.Ue  of 

arrows  indicate  the  movement  of  the  ossicles  when  the  tensoi  contracts. 
laches  its  short  process  to  the  wall  of  the  tympanic  cavity,  in  front  of  entran^ 
to  the  mastoid  cells  k     The  not  very  tense  articulation  joining  it  to  the  neaa 

te  maUet  ?  which  lies  with  its  iddle-shaped  articular  -face  -  fi«^^ 
nf  the  incus  iL  important.    The  lower  margin  of  the  incus  (fig  584,  b)  acts  like 
:^lo  h  of  a  co^  whed.    Thus,  when  the  handle  of  the  -Ueus  nioves  m^^^^^^ 
to  the  tympanic  cavity,  the  incus,  and  its  long  process,  6,  which   s  parallel  to 
1  hanrTtle'ma         also  p'ass  inwards,  /he  incus  forms  a^i^  a  r.gh 

angle  with  the  stapes,  S,  through  the  intervention  of  '^\^J^2ZhZlX'rnvi^\ 
however,  as  by  condensation  of  the  air  in  the  tympanum,  the  ^embrana  tympam 
and  the  handle  of  the  malleus  move  outwcvrds,  the  long  ^'^'^'^ ^^.'^^'l^^^^^^^ 
not  make  a  similar  movement,  as  the  malleus  moves  away  from  ^^^'^  ^'^^^^ 
incus.    Hence,  the  stapes  is  not  liable  to  be  torn  from  its  socket     The  nialleus  and 
incus  form  an  angular  lever,  which  moves  round  a  common  ax  s  %  f  ^  ^f^Jg 
585  ■  kx  Ax)     In  the  inward  movement,  the  malleus  follows  the  i^cus,  as  ii  dot 
Lrmed^ne  piece.    The  common  axis  (fig.  580)  is  not,  however,  the  axial  l.gam  nt 
ofThe  ie'us,  but  it  is  formed  «,.moW,  by  ^^^P— J^^^^^^^^^ 
forwards,  and  posteriorly  by  the  short  process  of  the  incus  directed  back 
The  rotation  of  both  ossicles  arou.id  this  axis  occurs  m  a  plane  vertical  \ 
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of  the  membrana  tympani.  During  the  rotation,  of  course  the  parts  above  this 
axis  (head  of  the  malleus  and  upper  part  of  the  body  of  the  incus)  take  a  direction 
opposite  to  the  parts  lying  below  it  (the  handle  of  the  malleus  and  the  long  process 
of  the  incus),  as  is  indicated  in  %.  585  by  the  direction  of  the  arrows.  The 
movement  of  the  handle  of  the  malleus  must  follow  that  of  the  membrana  tympani, 
and  vice  versd,  Avhile  the  movement  of  the  stapes  is  connected  with  the  movement 
of  the  long  process  of  the  incus.  As  the  long  process  of  the  incus  is  only  two- 
thirds  of  the  length  of  the  handle  of  the  malleus  (figs.  577,  581,  585),  of  course  the 
excicrsion  of  the  tip  of  the  former,  and  with  it  of  the  stapes,  must  be  correspond- 
ingly less  than  the  movement  of  the  tip  of  the  handle  of  the  malleus  :  while,  on  the 
other  hand,  the  force  of  the  movement  of  the  tip  of  the  handle  of  the  malleus, 
corresponding  to  the  diminution  of  the  excursion,  will  be  increased. 

Mode  of  Vibration.— Thus,  the  movement  of  the  membrana  tympani  inwards 
causes  a  less  extensive  but  a  more  powerful  movement  of  the  foot  of  the  stapes 
against  the  perilymph  of  the  labyrinth.  V.  Helmholtz  and  Politzer  calculated  the 
extent  of  the  movement  to  be  0-07  mm.  The  mode  in  which  the  vibrations  of  the 
membrana  tympani  are  conveyed  to  the  lymph  of  the  labyrinth,  through  the  chain 
of  ossicles,  IS  quite  analogous  to  the  mechanism  of  these  parts  already  described 
Long  delicate  glass  threads  have  been  fixed  to  these  ossicles,  and  their  movements 
were  thus  graphically  recorded  on  a  smoked  surface  {Politzer,  Hensen).  Or  strongly 
refractive  particles  are  fixed  to  the  ossicles,  while  the  beam  of  light  reflected  fr?m 
them  can  be  examined  by  means  of  a  microscope  {Brtck,  v.  Eelmholtz).  All  the 
experiments  showed  that  the  transference  of  the  sound-waves  is  accomplished  by 
ineans  of  the  mechanism  of  the  angular  lever,  composed  of  the  auditory  ossicles 
already  described.  As  the  vibrations  of  the  membrana  tympani  are  conveyed  to 
the  handle  of  the  malleus,  they  are  weakened  to  about  one-fourth  of  their  original 
strength  {Pohtzer)  [The  membrana  tympani  is  many  times  (30)  larger  than  the 
fenestra  ovahs  and  the  relation  in  size  might  be  represented  by  a  f'unnel.  The 
arm  of  the  malleal  end  of  the  lever  where  the  power  acts  is  9*  mm.  long,  while  the 

bn7lhnf  "^w  f  "'"^  1^"^^  than  the  former, 

but  what  IS  lost  in  extent  is  gained  in  force.]  ' 

[Methods. -Politzer  attached  small,  very  light  levers  to  eacli  of  the  ossicle«  and  ii.spnhpd 

^  o'XTme  knXfhTf  f"^^''-  ^  sounded  Swh^ft^^^^ 

Rn^l  Jh-  I  1  .  ^l^S**^'.  t'l^  malleus  made  the  greatest  excursion  and  the  stanes  the  least 
fhe  Jeft-S  i  .  ''1?^  ^'"'f  *f  ill-i'^i^ated  them,  and  observed  the  movements  of 

the  lefiactives  arch  granules  by  means  of  a  microscope  provid'ed  with  a  micrometer.] 

vibiatfons  1    It  t"?"""  ''^  ^«^^^,  and  not  in  the  way  of  propagating  molecular 

er  ^y  Lm1n«]  '^n  ""'"''^'l  ^^""^  sonorous  vibrations  are,  how- 

ever, only  nominal,  there  is  practically  no  change 

m  the  position  of  the  joints  with  each  vibration. 
The  latter  will  only  occur  when  extensive  move- 
ments take  place  by  means  of  the  muscles. 

The  muscles  of  the  auditory  ossicles  alter  the 
position  and  tension  of  the  membrana  tympani,  as 
well  as  the  pressure  of  the  lymph  of  the  labyrinth 
The  tensor  tympani,  which  lies  in  an  osseous  groove 
above  the  Eustachian  tube,  has  its  tendon  deflected 
round  an  osseous  projection  [processus  cochleari- 
fornrus],  which  lies  external  to  it,  almost  at  right 
angles  to  the  groove  above  it,  and  is  inserted  imme-   -^3^^  Fi^.  -iSfi 
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of  tlie  incus  and  stapes  (S)  which  must  be  pressed  more  deeply  into  the  fenestra 
ovalis  as  ah-eady  described.  When  the  muscle  relaxes,  then  owing  to  the  elasticity 
of  the  rotated  axial  ligament  and  the  tense  membrana  tympani  itself,  the  position 
of  equilibrium  is  again  restored.  The  motor  nerve  of  this  muscle  arises  from  the 
tric'eminus,  and  passes  through  the  otic  cjarKjlion  (p.  597).  C.  Ludwig  and  Politzer 
observed  that  stimulation  of  the  fifth  nerve  within  the  cranium  [dog]  caused  the 
above  mentioned  movement. 

Use  of  the  tension. — The  tension  of  the  membrana  tympani  caused  by  the 
tensor  tympani  has  a  double  function  {Joh.  Miiller) — 1.  The  tense  membrane  offers 
very  great  resistance  to  sympathetic  vibrations  when  the  sound-waves  are  very  in- 
tense, as  it  is  a  physical  fact  that  stretched  membranes  are  more  difficult  to  throw 
into  sympathetic  vibrations  the  tenser  they  are.  Thus,  the  tension  so  far  protects 
the  auditory  organ,  as  it  prevents  too  intense  vibrations  applied  to  the  membrana 
tympani  from  reaching  the  terminations  of  the  nerves.  2.  The  tension  of  the 
membrana  tympani  must  vary  according  to  the  degree  of  contraction  of  the  tensor. 
Thus,  the  membrana  for  the  time  being  has  a  different  fundamental  tone,  and  is 
thereby  capable  of  vibrating  to  the  correspondingly  higher  tone,  it,  as  it  were,  being 
in  a  certain  sense  accommodated  for. 

Comparison  with  Iris.— The  niembraua  tympani  has  been  compared  with  the  iris.  Both 
membranes  prevent  by  contraction— narrowing  of  the  pupil  and  tension  ot  the  membrana 
tympani— the  too  intense  action  of  the  specific  stimulus  from  causuig  too  great  stimulation,  and 
hoi\\  adapt  the  sensory  apparatus  for  the  action  of  moderate  or  weak  stimuU.  This  movement 
in  both  membranes  is  brought  about  rejlcxly,  in  the  ear  through  the  N.  acusticus,  which  causes 
a  reflex  stimulation  of  the  motor  fibres  for  the  tensor  tympani.  .       ,  , 

Effect  of  Tension.— That  increased  tension  of  Ihe  membrana  tympani  renders  it  less  sensitive 
to  sound-waves  is  easily  proved,  thus  :-Close  the  mouth  and  nose,  and  make  either  a  forced 
expiration,  so  that  the  air  is  forced  into  the  Eustachian  tube,  which  bulges  out  the  membrana 
timpani,  or  inspire  forcibly,  whereby  the  air  in  the  tympanum  is  duninished,  so  that  the 
membrana  bulges  inwards.  In  both  cases,  hearing  is  interfered  with,  as  long  as  the  increased 
tension  lasts.  If  a  funnel  with  a  small  lateral  opening,  and  whose  w;ide  end  is  covered  by  a 
membrane,  be  placed  in  the  external  meatus,  hearing  becomes  less  distinct  when  the  membram- 
is  stretched  [Joh.  Miiller).  If  air  be  blown  into  the  external  auditory  meatus,  both  tensoi;e.s 
tympani  contract,  and  in  consequence  of  this  the  hearing  of  the  other  ear  is  tempomrily 

^%'Smillf 'the  tensor  tympani  is  excited  rc/Z^a,-^?/.  The  muscle  is  not  directly  and  by  itself 
subiect  to  the  control  of  the  will.  According  to  L.  Pick,  the  fo  lowing  phenomenon  is  due  to 
an  ''associated  movement  "  of  the  tensor  :-When  he  pressed  his  jaws  firmly  «f  "^^t  ea  h  oth^^^^ 
he  heard  in  his  ear  a  piping,  singing  tone,  while  a  capi  lary  tube,  ^^l^i^^J^lJ^. 
tlie  meatus  had  a  drop  of  water  which  was  in  it  rapidly  drawn  inwards.  Duiing  this  expen- 
menra  person  with  normal  hearing  hears  all  musical  tones  as  if  they  weie  louder,  whUe  all  the 
rahe'st  non-musical  tones  are  enfeebled  {Lucac).  When  yaionvig,  v.  Helmholtz  and  Politzer 
foimd  that  hearing  was  enfeebled  for  certain  tones. 

Contraction  of  the  tensor.— Hensen  showed  that  the  contraction  of  the  tensor 
tympani  during  hearing  is  not  a  continued  contraction,  but  what  might  be  termed 
a  "twitch."    A  twitch  takes  place  at  the  beginning  of  the  act  of  hearmg,  which 
favours  the  perception  of  the  sound,  as  the  membrana  tympani  thus_  set  in  motion 
vibrates  more  readily  to  higher  tones  than  when  it  is  at  rest.  Un 
'  exposing  the  tympanum  in  cats  and  dogs,  it  was  found  that  this 
contraction  or  twitch  occurs  only  at  the  beginning  of  the  sound, 
and  that  it  soon  ceases,  although  the  sound  may  continue. 

Action  of  the  Stapedius.— The  muscle  arises  within  the  emi- 
m    nentia  pyramidalis,  and  is  inserted  into  the  head  of  the  stapes  and 
^  va^    Sylvian  ossicle  (fig.  583);  when  it  draws  upon  the  head  ot  the 
Fie  587       stapes,  as  indicated  in  fig.  577,  by  the  small  curved  arrow,  i  mus 
RightWdiuH  place  the  bone  obliquely,  whereby  the  P^.^'erior  end  of  tbe  pla^^^^ 
muscle.-       the  Stapes  is  pressed  somewhat  deeper  tnwards  into  the  tenestra 
ovalis,  while  the  anterior  is,  as  it  were,  displaced  ^''^'^iflj^^ 
is  thereby  more  fixed,  as  the  fibrous  mass  [annular  ligament]  which  smiound.  the 
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fenestra  ovalis  and  keeps  the  stapes  in  its  place  becomes  more  tense.  The  activity 
of  this  muscle,  therefore,  prevents  too  intense  shocks,  which  may  be  communicated 
from  the  incus  to  the  stapes,  from  being  conveyed  to  the  perilymph.  It  is  supplied 
by  the  facial  nerve  (§  349,  3). 

The  stapedius  in  many  jiersons  executes  an  associated  movement,  when  the  eyelids  are  forcibly 
closed  (§  349).  Some  persons  can  cause  it  to  contract  rcjlcxly  by  scratching  the  skin  in  front 
of  the  meatus,  or  by  gently  stroking  the  outer  margin  of  the  orbit  {Henle).  It  seems  to  be 
excited  reflexly  in  many  diseases  of  the  ear  when  the  tym])anum  is  being  syringed. 

Other  Views. — According  to  Lucae,  when  the  stapes  is  displaced  obliquely,  its  head  forces  the 
long  process  of  the  incus,  and  also  the  membrana  tympani,  outwards,  so  that  it  is  regarded  as  an 
antagonist  of  the  tensor  tymjiani.  Politzer  observed  that  the  pressure  within  the  labyrinth 
fell,  when  he  stimulated  the  muscle.  According  to  Toynbee,  the  stapedius  acts  as  a  lever  and 
moves  the  stapes  slightly  out  of  the  fenestra  ovalis,  thus  making  it  more  free  to  move,  so  that 
it  is  more  callable  of  vibrating.  Henle  supposes  that  the  stapedius  is  more  concerned  in  fixiiig 
than  in  moving  the  stapes,  and  that  it  comes  into  action  when  there  is  danger  of  too  gi-eat  move- 
ment being  communicated  to  the  stapes  from  the  incus.  Landois  agrees  with  this  opinion,  and 
compares  the  stapedius  with  the  orbicularis  iJalpebrarum,  both  being  protective  mnscles. 

Pathological. — Immobility  of  the  auditory  ossicles,  either  by  adhesions  or  anchyloses,  causing 
diminished  vibrations,  interferes  with  hearing  ;  while  the  same  result  occurs  when  the  stapes  is 
firmly  anchylosed  into  the  fenestra  ovalis.  The  tendon  of  the  tensor  tympani  has  been  divided 
in  cases  of  contracture  of  the  muscles.  For  paralysis  of  the  tensor,  see  p.  598,  and  for  the 
stapedius,  p.  603. 

411.  EUSTACHIAN  TUBE— TYMPANUM.— The  Eustachian  tube  [4  centi- 
metres in  length,  If  in.]  is  the  ventilating  tube  of  the  tympanic  cavity.  It  keeps 
the  tension  of  the  air  within  the  tympanum  the  same  as  that  within  the  pharynx 
and  outer  air  (figs.  .577,  586).  Only  when  the  tension  of  the  air  is  the  same  out- 
side and  inside  the  tympanum,  is  the  normal  vibration  of  the  membrana  tympani 
possible.  The  tube  is  generally  closed,  as  the  surfaces  of  the  mucous  membrane 
lining  it  come  into  apposition.  During  swallowing,  however,  the  tube  is  opened, 
owing  to  the  traction  of  the  fibres  of  the  tensor  veli  palatini  [spheno-salpingo- 
staphylinus  sive  abductor  tubae  {v  Trdltsch),  sive  dilator  tubae  (Hudinger)]  inserted 
into  the  membrano-cartilaginous  part  of  tlae  tube  {Toynbee,  Politzer).  (Compare 
§  139,  2.)  When  the  tube  is  closed,  the  vibrations  of  the  membrana  tympani  are 
transferred  in  a  more  undiminished  condition  to  the  auditory  ossicles  than  when  it 
is  open,  whereby  part  of  the  vibrating  air  is  forced  through  the  tube  {Mach  and- 
Kessel).  If,  however,  the  tympanic  cavity  is  closed  permanently,  the  air  within  it 
becomes  so  rarefied  (§  139)  that  the  membrana  tympani,  owing  to  the  abnormally 
low  tension,  becomes  drawn  inwards,  thus  causing  difficulty  of  hearing.  As  the 
tube  is  lined  by  ciliated  epithelium  it  carries  outwards  to  the  pharynx  the  secre- 
tions of  the  tympanum  (p.  452). 

Noise  in  the  Tube.— A  sharp  hissing  noise  is  heard  in  the  tube  during  swallowing,  when  wc 
swallow  slowly  and  at  the  same  time  contract  the  tensor  tympani,  due  to  the  separation  of  the 
adiiesive  surfaces  of  its  lining  membrane.  Another  person  may  hear  this  noise  by  usint'  a 
stethoscope  or  his  ear.  jo 

In  Valsalva's  experiment  (§  60)/ as  soon  as  the  pressure  of  the  air  reaches  10  to  40  mm. 
Hg,  air  enters  the  tube.  The  sound  is  heard  first,  and  then  we  feel  the  increased  tension  of 
the  tympanic  membrane,  owing  to  the  entrance  of  air  into  the  tym,panum.  During  forced 
inspiration,  when  the  nose  and  mouth  ai-e  closed,  air  is  sucked  out,  while  the  tympanum  is 
ultimately  drawn  inwards.  ' 

The  M.  levator  veli  palatini,  as  it  passes  under  the  base  of  the  opening  of  the  tube  into  the 
pharynx,  forms  the  Icmtor-eminencc  or  cushion  (fig.  354,  W).  Hence,  when  this  muscle  con- 
tracts and  its  belly  thickens,  as  at  the  commencement  of  the  act  of  deglutition  and  durin<r 
phonation  the  lower  wall  of  tlie  pharyngeal  opening  is  raised,  and  the  opening  thereby 
nan-owed  {Iaccck).  The  contraction  of  the  tensor,  occurring  during  the  later  part  of  the  act  of 
deglutition,  dilates  the  tube.  °         o  1 

Other  Views.— According  to  Rlidinger,  the  tube  is  always  open,  although  only  by  a  verV 
narrow  passage  in  the  upper  part  of  the  canal,  while  the  canal  is  dilated  during  swallowino- 
According  to  Cleland,  the  tube  is  generally  open,  and  is  closed  during  swallowing 

[Practical  Importance.— The  tympanic  cavity  forms  an  osseous  bo°x,  and  there- 
fore a  protective  organ  for  the  auditory  ossicles  and  their  muscles,  while  the 
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increased  air  space,  obtained  by  its  communication  with  the  mastoid  cells,  permits 
free  vibration  of  the  membrana  tympani.  The  six  sides  of  the  tympanum  have 
important  practical  relations.  It  is  about  half  an  inch  in  height,  and  one  or  two 
lines  in  breadth,  i.e.,  from  without  inwards.  Its  ?'oo/  is  separated  from  the  cavity 
of  the  brain  by  a  very  thin  piece  of  bone,  which  is  sometimes  defective,  .so  that 
encephalitis  may  follow  an  abscess  of  the  middle  ear.  The  outei-  wall  is  formed  by 
the  membrana  tympani,  while  on  the  inner  wall  are  the  fenestra  ovalis  and  rotunda, 
the  ridge  of  the  aqueductus  Fallopii,  the  promontory,  and  the  pyramid.  The  flour 
consists  of  a  thin  plate  of  bone,  which  roofs  in  the  jugular  fossa  and  separates  it 
from  the  jugular  vein.  Fractures  of  the  base  of  the  skull  may  rupture  the  carotid 
artery  or  internal  jugular  vein  ;  hence,  hajmorrhage  from  the  ears  is  a  bad  symptom 
in  these  cases.  Caries  of  the  ear  may  extend  to  other  organs.  The  anterior  wall 
is  in  close  relation  with  the  carotid  artery,  while  the  posterior  communicates  with 
the  mastoid  cells,  so  that  fluids  from  the  middle  ear  sometimes  escape  through  the 
mastoid  cells.] 

That  the  air  in  the  tympanum  can  communicate  its  vibrations  to  the  membrane  of  the  fenestra 
rotunda  is  true  (p.  797,  3),  but  normally  this  is  so  slight,  when  compared  with  the  conduction 
through  the  auditory  ossicles,  that  it  scarcely  need  be  taken  into  account. 

Structure. — The  tube  and  tympanum  are  lined  by  a  common  mucous  membrane,  covered  by 
ciliated  epithelium,  while  the  membrana  is  lined  by  a  layer  of  squamous  epithelium.  Mucous 
glands  were  found  by  Troltsch  and  "VVendt  in  the  mucous  membrane. 
[The  epithelium  covering  the  ossicles  and  tensor  tympani  is  not  ciliated.] 
^  Pathological. — The  tube  is  often  occluded,  owing  to  chronic  catarrh 

■  and  narrowing  from  cicatrices,  hypertrophy  of  the  mucous  membrane, 

■  or  the  presence  of  tumours.  The  deafness  thereby  produced  may  often 
I  be  cured  by  cathetcrising  the  tube  from  the  nose  (fig.  588).  Effusions 

into  or  suppuration  within  tlie  tympanum  of  course  paralyse  the  sound- 
conducting  mechanism,  while  inflammation  often  causes  subsequent 
affections  of  the  plexus  tympanicus.    If  the  temporal  bone  be  destroyed 


'■'•0/1716  cD  fiesewia^^'" 


Fig.  588. 
Eustachian  catheter. 


Fig.  589. 

Politzer's  ear  bag. 


by  progressive  caries  within  the  tympanum,  inflammation  of  the  neighbouring  cerebral  struc- 
tures may  occur  and  cause  death,  -rii.!,-  i.1 

[Methods  —Not  unfrequently  the  aurist  is  called  upon  to  dilate  the  Eustachian  tube,  wHicli 
in  certain  cases  requires  the  use  of  a  Eustachian  catheter  introduced  into  the  tube  along  the 
floor  of  the  nose  (fig.  588).  At  other  times  he  requires  to  fill  the  tympanic  cavity  ^ylth  air, 
which  is  easily  done  by  means  of  a  PoUtzer's  bag  (tig.  589).  The  nozzle  is  introduced  mto  one 
nostril,  while  the  other  nostril  is  closed,  and  the  patient  is  directed  to  swallow,  while  at_ the 
same  moment  the  surgeon  compresses  the  bag,  and  the  patient's  mouth  being  closed,  air  is 
forced  through  the  open  Eustachian  tube  into  the  middle  ear.  Sometimes  a  small  curved 
narrow  manometer,  containing  a  drop  of  coloured  water,  is  placed  in  the  outer  ear  (PoZitoc). 
Normally,  when  the  patient  swallows,  tlie  fluid  ought  to  move  in  the  tube.] 

412  CONDUCTION  OF  SOUND  IN  THE  LABYRINTH.— The  vibrations 
of  the  foot  of  the  stapes  in  the  fenestra  ovalis  give  rise  to  waves  in  the  perilymph 
within  the  inner  ear  or  labyrinth.  These  waves  are  so-called  "flexwn  i.e., 
the  perilymph  moves  in  mass  before  the  impulse  of  the  base  of  the  stapes.  This  is 
only  possible  from  the  existence  of  a  yielding  membrane— that  filling  the  fenestra 
rotunda,  and  sometimes  called  the  membrana  sectmdaHa,  which  during  rest  bulges 
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inwards  to  the  scala  tympani,  and  can  be  bulged  outwards  towards  the  tympanic 
cavity  by  the  impulse  communicated  to  it  by  the  movement  of  the  perilymph 
(fig.  577,  r).  The  flexion  waves  must  correspond  in  number  and  intensity  to  the 
vibrations  of  the  auditory  ossicles,  and  must  also  excite  the  free  terminations  of 
the  auditory  nerve,  which  float  free  in  the  endolymph. 

As  the  endolymph  of  the  saccule  and  utricle  lying  in  the  vestibule  receives  the 
first  impulse,  and  as  these  communicate  anteriorly  with  the  cochlea,  and  posteriorly 
with  the  semicircular  canals,  consequently  the  motion  of  the 
perilymph  must  be  propagated  through  these  canals.  To 
reach  the  cochlea,  the  movement  passes  from  the  saccule 
(lying  in  the  fovea  hemispherica)  along  the  scala  vestibuli  to 
the  helicotrema,  where  it  passes  into  the  scala  tympani,  where 
it  reaches  the  membrane  of  the  fenestra  rotunda,  and  causes  it 
to  bulge  outwards.  From  the  iitricle  (lying  in  the  fovea  hemi-  j,. 
elliptica),  in  a  similar  manner  the  movement  is  propagated  External  appearance  of 
through  the  sernicircular  canals.  Politzer  observed  that  the  the  labyrinth,  fenes- 
endolymph  in  the  superior  semicircular  canal  rose  when  he  tra  ovalis,  cochlea  to 
caused  contraction  of  the  tensor  tympani  by  stimulating  the  fl,lf\^f\%l,^^. 
trigeminus,  just  as  the  base  of  the  stapes  must  be  forced  ^3,1,  and  (s)  posterior 
against  the  perilymph  with  every  vibration  of  the  membrana  semicircular  canal 
tympani.  (left). 

[Practical. — It  is  well  to  view  the  organ  of  hearing  as  consisting  of  two 
mechanisms  : — 

1.  The  sound-conducting  apparatus. 

2.  The  sound-perceiving  apparatus. 

The  former  includes  the  outer  ear,  with  its  auricle  and  external  meatus;  the 
middle  ear  and  the  parts  which,  bound  it,  or  open  into  it.  The  latter  consists  of 
the  in7ier  ear  with  the  expansion  of  the  auditory  nerve  in  the  labyrinth,  the  nerve 
itself,  and  the  sound-perceiving  and  interpreting  centre  or  centres  in  the  brain 
(p.  703).] 

[Testing  the  Sound-conduction. — In  any  case  of  deafness,  it  is  essential  to 
estimate  the  degree  of  deafness  by  the  methods  stated  at  p.  798,  and  it  is  well  to 
do  so  both  for  such  sounds  as  those  of  a  watch  and  conversation.  We  have  next  to 
determine  whether  the  sound-conducting  or  the  sound-perceiving  apparatus  is  affected. 
If  a  person  is  deaf  to  sounds  transmitted  through  the  air,  on  applying  a  sounding 
tuning-fork  to  the  middle  line  of  the  head  or  teeth,  if  it  be  heard  distinctly, 
then  the  sound-perceiving  apparatus  is  intact,  and  we  have  to  look  for  the  cause  of 
deafness  in  the  outer  or  middle  ear.  In  a  healthy  person,  the  sound  of  the  tuning- 
fork  is  heard  of  equal  intensity  in  both  ears.  In  this  case  the  sound  is  conducted 
directly  to  the  labyrinth  by  the  cranial  bones.  In  cases  of  disease  of  the  sound- 
conducting  mechanism,  the  sound  of  the  tuning-fork  is  heard  loudest  in  the  deafer 
ear.  Ed.  Weber  pointed  out  that,  if  one  ear  be  stopped  and  a  vibrating  tuning- 
fork  placed  on  the  head,  the  sound  is  referred  to  the  plugged  ear,  where  it  is  heard 
loudest.  It  is  assumed  that  when  the  ear  is  plugged,  the  sound-waves  transmitted 
by  the  cranial  bones  are  prevented  from  escaping  (Mach).  If,  on  the  contrary,  the 
sound  be  heard  loudest  in  the  good  ear,  then  in  all  probability  there  is  some  aff"ection 
of  the  sound-perceiving  apparatus  or  labyrinth,  although  there  are  exceptions  to 
this  statement,  especially  in  elderly  people.  Another  plan  is  to  connect  two  tele- 
phones with  an  induction  machine,  provided  with  a  vibrating  Neef's  hammer.  The 
sounds  of  the  vibrations  of  the  latter  are  reproduced  in  the  telephones,  and  if  they 
be  placed  to  the  ears,  then  the  healthy  ears  hear  only  07ie  sound,  which  is  referred 
to  the  middle  line,  and  usually  to  the  back  of  the  head.  In  diseased  conditions 
this  is  altered — it  is  referred  to  one  side  or  the  other.] 


8o8 


STRUCTUliE  OF  THE  COCHLEA. 


413.  LABYRINTH  AND  AUDITORY  NERVE. —Scheme. —The  vestibule  (fig.  591,  III) 
contains  two  .soparato  sacs ;  one  ol'  them,  tlie  saccule,  ,v  (lonnd  sac  or  S.  hemisnhajiicus),  coni- 
niunicatos  witli  the  ductus  cochlearis,  Co,  of  the  coclilea ;  tlie  other,  the  utricle,  U  (elliptical 
.sac,  or  sacculus  heniiellipticus),  conmuinieates  with  tlio  semicircular  canals,  Cs,  Cs. 

The  cochlea  consists  of  2^  turns  of  a  tube  disposed  round  a  central  column  or  modiolus.  The 
tube  is  divided  into  two  compartments  by  a  liorizontal  septum,  partly  osseous  and  partly 
membranous,  the  lamina  spiralis  bssea  and  membranacea  (fig.  595  ;  fig.  591,  I).  The  lower 
compartment  is  the  scala  tympani,  and  is  separated  from  tlie  cavity  of  the  tympanum  by  the 
membrane  of  the  fenestra  rotunda. 

The  upper  compartment  is  the  scala  vestibuli,  which  communicates  with  the  vestibule  of 
the  labyrinth  (fig.  591,  I).  These  two  compartments  communicate  directly  by  a  small  opening 
at  the  apex  of  the  cochlea,  a  sickle-shaped  edge  ["hamulus"]  of  the  lamina  spiralis  bounding 
the  helicotrema  (fig.  577).   The. scala  vestibuli  is  divided  by  Reissner's  membrane  (fig.  591,  ]), 


Fig.  591. 

I,  ti'ansverse  section  of  a  turn  of  the  cochlea  ;  II,  A,  ampulla  of  a  semicircular  canal  with  the 
crista  acustica ;  a,  p,  auditory  cells  ;  p,  provided  with  a  fine  hair;  T,  otoliths;  III. 
scheme  of  the  human  labyrinth  ;  IV,  scheme  of  a  bird's  labyrinth  ;  V,  scheme  of  a  fish's 
labyrinth. 

which  arises  near  the  outer  part  of  the  lamina  spiralis  ossea,  and  runs  obliquely  outwards  to 
the  wall  of  the  cochlea  so  as  to  cut  off  a  small  triangular  canal,  the  ductus  or  canaUs  cochlearis, 
or  scala  media,  Cc,  whose  floor  is  formed  for  the  most  part  by  the  lamina  spiralis  membranacea, 
and  on  which  the  end-organ  of  the  auditory  nerve— Corti's  organ— is  placed.  ■  The  lower  end 
of  the  canalis  cochlearis  is  blind,  III,  and  divided  towards  the  saccule,  with  which  it  com- 
municates by  means  of  the  small  canalis  reuniens,  Cr  {Hensm).  The  utricle  (fig.  591,  III,  U) 
communicates  with  the  three  semicircular  canals,  Cs,  Cs— each  by  means  of  an  ampulla, 
within  which  lie  the  terminations  of  the  ampullary  nerves,  but  as  the  posterior  and  the 
superior  canals  unite,  there  is  only  one  common  ampulla  for  them.  The  membranous  serai- 
circular  canals  lie  within  the  osseous  canals,  perilymph  lying  between  the  two.  Perilymph  also 
fills  the  scala  vestibuli  and  tympani,  so  that  all  the  spaces  within  the  labyrinth  are  filled  by 
fluid,  while  the  spaces  themselves  are  lined  by  short  cylindrical  epithelium. 

The  system  of  spaces,  filled  by  endolymph,  is  the  only  part  containing  the  nervous  end-organs 
forbearing.  All  these  spaces  communicate  with  each  other;  the  semicircular  canals  directly 
with  the  utricle,  the  ductus  cochlearis  with  the  saccule  through  the  canalis  reuniens  ;  and 
lastly,  the  saccule  and  utricle  through  the  "saccus  endolymphaticus, "  which  springs  by  an 
isolated  limb  from  each  sac ;  the  limbs  then  unite,  as  in  the  letter  Y,  and  pass  through  the 
osseous  aqueductus  vestibuli  to  end  blindly  in  the  dura  mater  of  the  brain  (fig.  Ill,  R—Bblichcr, 
Retzius).  The  aqueductus  cochlese  is  another  narrow  passage,  which  begins  in  the  scala  tympani, 
immediately  in  front  of  the  fenestra  rotunda,  and  opens  close  to  the  fossa  jugularis.  It  lonns 
a  direct  means  of  communication  between  the  perilymph  of  the  cochlea  and  the  subarachnoid 

''^Semicircular  Canals  and  Vestibular  Sacs.— The  membranous  semicircular  canals  do  not  iill 
the  corresponding  osseous  canals  com])letely,  but  are  separated  from  them  by  a  pretty  wide 
space,  which  is  filled  with  perilymph  (fig.  592).    At  the  concave  margin  they  are  fixed  by  con- 
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nective-tissne  to  the  osseous  walls.  The  ampulliu,  however,  completely  fill  the  correspouding 
osseous  dilatations.  The  canals  and  ampullte  consist  exterually  of  au  outer,  vascular,  connec- 
tive-tissue layer,  on  which  there  rests  a  well-marked  hyaline  layer,  bearing  a  single  layer  of 
flattened  epithelium. 

Crista  Aciistica. — The  vestibular  branch  of  the  auditory  nerve  sends  a  branch  to  each  ampulla 
and  to  the  saccule  and  utricle  (fig.  593).    In  the  ampiUlsB  (fig.  591,  II,  A),  tlie  nerve  (c)  ter- 


Fig.  592.  Fig.  593. 

The  interior  of  the  right  labyrinth  with  its  membranous  canals  and  nerves.  In  fig.  592,  the 
outer  wall  of  the  bony  labyrinth  is  removed  to  show  the  membranous  parts  within — 1, 
commencement  of  the  spiral  tube  of  the  cochlea;  2,  posterior  semicircular  canal,  partly 
opened;  3,  horizontal;  4,  superior  canal;  5,  utricle;  6,  saccule;  7,  lamina  spiralis;  7', 
scala  tympani;  8,  amjiulla  of  the  superior  membranous  canal;  9,  of  the  horizontal;  10,  of 
the  posterior  canal.  Fig.  593  shows  the  membranous  labyrinth  and  nerves  detached — 1, 
facial  nerve  in  the  internal  auditory  meatus;  2,  anterior  division  of  the  auditory  nerve 
giving  branches  to  5,  8,  and  9,  the  utricle  and  the  ampnllee  of  tlie  superior  and  horizontal 
canals ;  8,  posterior  division  of  the  auditory  nerve,  giving  branches  to  the  saccule,  6,  and 
posterior  ampulla,  10,  and  cochlea,  4 ;  7,  united  part  of  the  posterior  and  superior  canals ; 
11,  posterior  extremity  of  the  horizontal  canal. 

minates  in  connection  with  the  crista  acustica,  which  is  a  yellow  elevation  projecting  into  the 
equator  of  the  ampulla.  The  meduUated  nerve-fibres,  n,  form  a  plexus  in  the  connective-tissue 
layer,  lose  their  myelin  as  they  pass  to  the  hyaline  basement  mem- 
brane, and  each  ends  in  a  cell  provided  with  a  rigid  hair  (0,  90  /i 
in  length,  so  that  the  crista  is  largely  covered  with  these  hair-ceUs, 
but  between  them  are  supporting  cells  like  cylindrical  epithelium 
(a),  and  not  unfrequently  containing  granules  of  yellow  pigment. 
The  hairs  or  "  auditory  hairs  "  {M.  SchuUze)  are  composed  of  many 
fine  fibres  (Retzius).  An  excessively  fine  membrane  (membrana 
tectoria)  covers  the  hairs  {Pritchard,  Lang). 

Maculae  Acustlcse. — The  nerve-terminations  in  the  maculse  acus- 
ticre  of  the  saccule  and  utricle  are  exactly  the  same  as  in  the  am- 
pullae, only  the  free  surface  of  their  membrana  tectoria  is  sprinkled  z'^- 
with  small  white  chalk-like  crystals  or  otoliths  (II,  T),  composed 
of  calcic  carbonate,  which  are  sometimes  amorphous  and  partly  in  i  _ 
the  form  of  arragonite,  lying  fixed  in  tlie  viscid  endolymph.  The 
non-meduUated  axis-cylinders  of  the  saccular  nerves  enter  directly 
into  the  substance  of  the  hair-cells.  The  terminations  of  the  nerves 
have  been  investigated,  chiefly  in  fishes,  in  the  rays. 

[Fig.  594  is  a  vertical  section  of  a  macula  acustica  of  the  rabbit. 
The  medullated  nerves  {n)  lose  their  myelin  at  the  external  limiting 
membrane,  become  non-medullated,  pierce  this  membrane,  and 
form  a  basal  plexus  {ph)  between  {i)  the  epithelial  cells,  and  finally 
terminate  in  the  sensory  ciliated  cells  (r).  The  epithelium  itself 
consists  of  basal  cells  (c6),  fusiform  or  supporting  cells  (/),  and  the 
ciliated  neuro-epithelium  (?•),  each  cell  being  provided  with  a  cilium, 
v?hich  perforates  the  external  limiting  membrane  (a).  There  is 
thus  a  remarkable  likeness  to  the  olfactory  epithelium.] 

Cochlea.— The  terminations  of  the  cochlear  branch  of  the  audi- 
wL^ffiT  ioi  ^on'iection  with  Corti's  organ,  which  is  placed  in  the  canalis  or  ductus  coch- 
in/^ft'T  ll  '  ^'i  '''"'^  ^M^',Pf'  ^"^^  ^S-  595),  the  small  triangular  chamber  [or  scala  media,] 
cut  oft  fiom  the  scala  vestibuli  by  the  membrane  of  Reissner.    Corti's  organ  is  placed  on  the 

CortrR  «rJhpf  ri"-^,:  yPPO'-ii^  apparatus  composed  of  the  so-called 

Corti  8  arches,  each  of  which  consists  of  two  Corti's  rods  (z,  y),  which  lie  upon  each  other  like 


Fig.  594. 
Vertical  section  of  the  ma- 
cula acustica  of  a  rabbit. 
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the  beams  of  a  house.  But  every  two  rods  do  not  form  an  arch,  as  there  are  always  three  inner 
to  two  outer  rods  (Claudius).    There  are  about  4500  outer  rods  ( JValdeyer). 

The  ductus  cochlearis  becomes  larger  towards  the  ai)ex  of  the  cochlea,  and  the  rods  also 
become  longer  ;  the  inner  ones  are  30  fi  long  in  the  lirst  turn,  and  34  fi  in  the  upper,  the 
outer  rods  47  /x  and  69  fi  respectively.    The  span  of  the  arches  also  increases  {Hensm).  [The 


Scheme  of  the  ductus  cochlearis  and  the  organ  of  Corti.  N,  cochlear  nerve ;  K,  inner,  and  P, 
outer  hair-cells;  n,  nerve-fibrils  terminating  in  P ;  a,  a,  supporting  cells;  d,  cells  in  the 
sulcus  spiralis ;  s,  inner  rod  of  Corti ;  Mb.  Corti,  membrane  of  Corti,  or  the  membraua 
tectoria;  o,  the  membrana  reticularis  ;  H,  G,  cells  filling  up  the  space  near  the  outer  waU. 

arches  leave  a  ti-iangular  tunnel  beneath  them.]  The  proper  end-organs  of  the  cochlear  nerve 
are  the  cylindrical  "hair-ceUs"  {Kollikcr)  previously  observed  by  Corti,  which  are  from 
16  400  to  20,000  in  number  (Hcnsen,  JValdeyer).  There  is  one  row  of  inner  cells  (i),  which 
rests  on  a  layer  of  small  granular  cells  (K)  {BottcJier,  Waldeyer)  ;  the  outer  cells  (a,  a)  number 
12  000  in  man  (Eetzius),  and  rest  upon  the  basement  membrane,  being  disposed.in  three  or 
even  four  rows.  Between  the  outer  hair-cells  there  are  other  cellular  structures,  which  are 
either  regarded  as  special  cells  (Belter's  ceUs),  or  are  regarded  merely  as  processes  of  the  hair- 
cells  (Lavdowsky).  [The  cochlear  branch  of  the  auditory  nerve  enters  the  modiolus  and  runs 
upwards  in  the  osseous  channels  there  provided  for  it,  and  as  it  does  so  gives  branches  to  the 
lamina  spiralis,  where  they  run  between  the  osseous  plates  which  form  the  lamina.  J  ine 
fibres  (N)  come  out  of  the  lamina  spiralis  after  traversing  the  ganglionic  cells  in  thmr  course 
(figs  591  595  I,  G),  and  end  by  fine  varicose  fibrils  in  the  hair-ceUs  (fig.  59o)  {Waldeyer, 

^t^mbiattS^^^^^^  rods  and  the  hair-cells  are  covered  by  a  special  membrane 

(o)  the  membrana  reticularis  of  Kolliker.    The  upper  ends  of  the  hair-cells,  however,  project 
through  holes  in  this  membrane,  which  consists  of  a  kind  of  a  cement-substance  holding  these 
parts  together  {LauMosJcy).    [Spnnging  from  the  outer  end  o  the  l^"^^")^  .^P^^^f 
spiralis,  is  the  membrana  tectoria,  sometimes  called  the  membrane  of  Corti.    It  is  a  we  i 
defined  structure,  often  fibrillated  in  appearance,  and  extends  outwards  over  the  organ  of  Lorti.J 
Waldeyer  regards  it  as  a  damping  apparatus  for  this  organ  (fig.  595,  Mb.  Corti). 

masilar  Membrane. -Its  breadth  increases  from  the  base  to  the  apex  of  the  cochlea.  This 
fact  is  important  in  connection  with  the  theory  of  the  perception  of  tone.  It  is  suPPosed  that 
S  notTs  are  appreciated  by  structures  in  connection  with  the  former,  and  low  notes  by  the 
Sr  mrts  of  Tlle  basilar  iLmbrane.  In  one  case,  recorded  by  Moos  and  fembr"gg^^^^ 
patient^heard  low  notes  only  in  the  right  ear,  and  after  death  it  was  found  that  the  auditoij 
nerve  in  the  first  turn  of  the  cochlea  was  atrophied.]  .    ,  .       ,  .  •  „„„<,o„^, 

Xtra  Labyrinthine  Pressure.-The  lymph  within  the  labyr  nth  is  under  a  certain  pressure. 
Eve^y  diminution  of  the  pressure  of  the  air  in  the  tympanum  is  accompanied  by  a  corres^nd- 
inJ^cUminutionof  the  intra-labyrinthine  pressure,  while  conversely  every  increase  of  pressuie 
is  accompanied  by  an  increase  of  the  lymph-pressure  (F.  Bczold). 
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The  perilymph  of  the  inner  ear  flows  away  chiefly  through  the  aqueductus  coch- 
leifi,  in  the  circumference  of  the  foramen  jungulare,  into  the  peripheral  lymphatic 
system,  which  also  takes  up  the  cerebro-spinal  fluid  of  the  subarachnoid  space, 
while  a  small  part  drains  away  to  the  sub-dural  space  through  the  internal  auditory 
meatus.  The  endolymph  flows  through  the  arachnoid  sheath  of  the  N.  acusticus 
into  the  subarachnoid  space  (C.  Hasse). 

414.  AUDITORY  PERCEPTIONS.— Every  normal  ear  is  able  to  distinguish 
musical  tones  and  noises.  Physical  experiments  prove  that  tones  are  produced 
when  a  vibrating  elastic  body  executes  periodic  movements,  i.e.,  when  the  sound- 
ing body  executes  the  same  movement  in  equal  intervals  of  time,  as  the  vibrations 
of  a  string  which  has  been  plucked.  A  noise  is  produced  by  non-periodic  move- 
ments, i.e.,  when  the  sounding  body  executes  unequal  movements  in  equal  intervals 
of  time.  [The  non-periodic  movements  clash  together  on  the  ear,  and  produce  dis- 
sonance, as  when  we  strike  the  key-board  of  a  piano  at  random.]  This  is  readily 
proved  by  means  of  the  siren.  Suppose  that  there  are  forty  holes  in  the  rotatory 
disc  of  this  instrument,  placed  at  exactly  the  same  distance  from  each  other — on 
rotating  the  disc  and  directing  a  current  of  air  against  it,  obviously  with  every 
rotation  the  air  will  be  rarefied  and  condensed  exactly  forty  times.  Every  two 
condensations  and  rarefactions  are  separated  from  each  other  by  an  equal  interval 
of  time.  This  arrangement  yields  a  characteristic  musical  tone  or  note.  If  a 
similar  disc  with  holes  perforated  in  it  at  unequal  distances  be  used,  on  air  being 
forced  against  it,  a  whirring  non-musical  noise  is  produced,  because  the  movements 
of  the  sounding  body  (the  condensations  and  rarefactions  of  the  air)  are  non-periodic. 
[The  double  siren  of  v.  Helmholtz  is  an  improved  instrument  for  showing  the  same 
facts.] 

The  normal  ear  also  distinguishes  in  every  tone  three  distinct  factors : — 

[(1)  Intensity  or  force  ;  (2)  Pitch;  (3)  Quality,  timbre  ov  "  klanc/."] 

1.  The  intensity  of  a  tone  depends  upon  the  greater  or  lesser  amplitude  of  the 
vibrations  of  the  sounding  body.  It  is  well  known  that  a  vibrating  string  emits 
a  feebler  sound  when  its  excursions  are  smaller.  (The  intensity  of  a  sound  corre- 
sponds to  the  degree  of  illumination  or  brightness  in  the  case  of  the  eye. ) 

2.  The  pitch  depends  upon  the  number  of  vibrations  which  occur  in  a  given 
time  [or  the  length  of  time  occupied  by  a  single  vibration].  This  is  proved  by 
means  of  the  siren.  If  the  rotating  disc  have  a  series  of  forty  holes  at  equal 
intervals,  and  another  series  of  eighty  equidistant  from  each  other,  on  blowing  a 
stream  of  air  against  the  rotating  disc  we  hear  two  sounds  of  unequal  pitch,  one 
being  the  octave  of  the  other.  (The  perception  of  pitch  corresponds  to  the  sensation 
of  colour  in  the  case  of  the  eye.) 

3.  The  quality  or  timbre  {"  Klangfarbe")  is  peculiar  to  different  sonorous 
bodies.  [It  is  the  peculiarity  of  a  musical  tone  by  which  we  are  enabled  to  dis- 
tinguish it  as  coming  from  a  particular  instrument,  or  from  the  human  voice. 
Thus,  the  same  note  struck  on  a  piano  and  sounded  on  a  violin  differs  in  quality 
or  timbre.]  It  depends  upon  the  jjeculiar  form  of  the  vibration,  or  the  form  of  the 
wave  of  the  sonorous  body.  (There  is  no  analagous  sensation  in  the  case  of  light.) 
'  I.  Perception  of  Pitch.— By  means  of  the  organ  of  hearing,  we  can  determine  that  different 
tones  have  a  different  pitch.  In  the  so-called  musical  scale,  or  gamut,  this  difference  is  very 
marked  to  a  normal  ear.  But  in  the  scale  there  are  again  four  tones,  which,  when  they  are 
sounded  together,  cause  in  a  normal  ear  the  sensation  of  an  agreeable  sound,  which  once  heard 
can  readily  be  reproduced.  This  is  the  tone  of  the  so-called  accord,  Triad,  or  Common  Chord 
consisting  of  the  1st,  3rd,  and  5th  tones  of  the  scale,  to  which  the  8th  tone  or  octave  is  added. 
We  have  next  to  determine  the  pitch  of  the  tones  of  the  chord,  and  then  that  of  the  other 
tones  ot  the  scale.  The  siren  is  used  for  the  fundamental  experiment,  from  wliich  the  others 
can  easily  be  calculated.  Four  concentric  circles  are  drawn  upon  the  rotatory  disc  of  the  siren  : 
the  inner  circ  e  contains  40  holes,  the  second  50,  the  third  60,  and  the  outer  80-all  the  holes 
being  at  equal  distances  from  each  other.    If  the  disc  be  rotated,  and  air  forced  against  each 
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series  of  holes  in  turn,  we  distiiif;uish  successively  the  four  tones  of  the  acwrd  (major  chord 
with  its  octavo)  ;  when  all  the  four  series  are  blown  upon  simultaneously,  we  hear  in  complete 
purity  the  major  chord  itseH'.  The  relative  number  of  the  holes  in  the  four  series  indicates  in 
the  simplest  manner  the  relative  pitch  of  the  tones  of  the  major  chord.  While  one  revolution 
of  the  disc  is  necessary  to  produce  the  funddmcntal  (jround-tone  (key-note  or  tonic)  with  40 
condensations  and  rarefactions  of  the  air — in  order  to  produce  the  octave,  we  must  have 
double  the  number  of  condensations  and  rarefactions  durinf;  one  revolution  in  the  same  time. 
Thus,  the  relation  of  the  number  of  vibrations  of  the  Ground-tone  or  Tonic  to  the  Octave  next 
above  it,  is  1  :  2.  In  the  second  series  we  have  50  holes,  which  causes  the  pitch  of  the  third  ; 
hence,  the  relation  of  the  Ground-tone  to  the  Third  in  this  case  is  40  :  50,  or  1  :  1J  =  5,  i-c,  for 
every  vibration  of  the  Ground-tone  there  are  f  vibrations  in  the  Third.  In  the  third  series  are 
60  holes,  which,  when  blown  upon,  yield  the  flfth  ;  hence,  the  ratio  of  the  Ground-tone  to  the 
Fifth  in  our  disc  is  40  :  60,  or  1  ;  1^  =  S.  In  the  same  way  we  can  estimate  the  jntch  of  the 
Fourth  tone,  and  we  find  that  the  number  of  vibrations  of  the  First,  Third,  Fifth,  and  Octave 
are  to  each  other  as  1  :     ;  f  :  2. 

The  minor  chord  is  quite  as  characteristic  to  a  normal  ear  as  the  major.  It  is  distinguished 
essentially  from  the  latter  by  its  Third  being  half  a  tone  lower.  We  can  easily  imitate  it  by 
the  siren,  as  the  Minor  Third  consists  of  a  number  of  vibrations  which  stand  to  the  Gi'ouncf- 
toue  as  6  :  5,  i.e.,  if  5  vibrations  occur  in  a  given  time  in  the  Ground-tone,  then  6  occur  in  the 
Minor  Third  ;  its  vibration  number,  therefore,  is  f. 

From  these  relations  of  the  Major  and  Minor  common  chords,  we  may  calculate  the  relative 
tones  in  the  scale,  and  we  must  remember  that  the  Octave  of  a  tone  always  yields  the  fullest 
and  most  complete  harmony.  It  is  evident  that  as  the  Major  Third,  and  Minor  Third,  and  the 
Fifth  harmonise  with  the  fundamental  Ground-tone  or  key-note,  they  nmst  also  harmonise  with 
the  Octave  of  the  key-note.  We  obtain  from  the  Major  Third  with  the  number  of  vibrations 
I,  the  Minor  Sixth  |,  from  the  Minor  Third  with  f,  the  Major  Sixth  =  (t'V=  )  i;  froiii  "the  Fifth 
with  f ,  the  Fourth  =  f .  These  relations  are  known  as  the  "  Inversions  of  the  intervals. "  These 
relations  of  the  tones  are,  collectively,  the  consonant  intervals  of  the  scale.  The  dissonant 
stages,  or  discords,  of  the  scale  can  be  obtained  as  follo\<'s  :— Suppose  that  we  have  the  Ground- 
tone  or  key-note  C,  with  the  number  of  vibrations=  1,  the  Third  E  =  ^,  the  Fifth  G=4,  and  the 
Octave  =  2,  we  then  derive  from  the  Fifth  or  Dominant  G  a  Major  chord— this  is  G,  B,  D . 
The  relative  number  of  vibrations  of  these  3  tones  is  the  same  as  in  the  Major  chord  of  C|,  C,  E, 
G.  Hence,  the  number  of  vibrations  of  G  :  B  is  as  C  :  E.  When  we  substitute  the  values  we 
obtain  %  :  B  =  l  :  I— i.e.,  B=  V-  But  Dl  :  B  =  G  :  E  ;  so  that  D  :  V=f  :  f.  D'  =  V,  ot 
an  octave  lower,  we  have  D=f.  Deduce  from  F  (subdominant)  a  Major  chord,  F,  A,  C.  The 
relation  of  A  :  Ci=E  :  G,  or  A  :  2  =  |  :  f,  i.e.,  A  =  i.  Lastly,  F  :  A=C  :  E,  or  F  :  |=1 :  1, 
i.e.,  r=*.  So  that  all  the  tones  of  the  scale  have  the  following  number  of  vibrations  :— 1., 
0=1;  II., D  =  ^;  III.,  E=i;  IV.,  F  =  |.;  V.,  G=#;  VI.;  A  =  f;  VII.,  B  =  V;  ™.,  C'  =  2. 

Conventional  Estimate  of  Pitch.— Conventionally,  the  pitch  or  concert- pitch  of  the  note,  n, 
is  taken  at  440  vibrations  in  the  second  {Scheibler,  1834),  although  in  France  it  is  taken  at  43.') 
vibrations  per  second.  From  this  we  can  estimate  the  absolute  number  of  vibrations  for  the 
tones  of  the  scale:— 0  =  33,  D  =  37-125,  E  =  4r25,  F  =  44,  G  =  49-5,  A  =  55,  B  =  61 -875  vibra- 
tions.   The  number  of  vibrations  of  the  next  highest  octave  is  found  at  once  by  multiplying 

these  numbers  by  2.  •  •.    ,     -  -i 

Musical  Notes.— The  lowest  notes  used  in  music  are  the  double-bass,  E,  with  41 -2.0  vibra- 
tions, pianoforte  C  with  33,  grand  piano  A'  with  27-5  and  organ  0  with  16-5.    The  highest 
notes  in  music  are  the  pianoforte  c^  with  4224,  and      on  the  piccoIo-flute,  with 

4752  vibrations  per  second. 

Limits  of  Auditory  Perception.— According  to  Preyer,  the  limit  of  the 
perception  of  the  lowest  audible  tone  lies  between  16  and  23  vibrations 
per  second,  and  e""  with  40,960  vibrations  as  the  highest  audible  tone  : 
so  that  this  embraces  about  11 1  octaves. 

[AndibiUty  of  ShriU  Notes.— This  varies  very  greatly  in  different  persons  (  TFoJ- 
laston).  There  is  a  remarkable  falling  off  of  the  power  as  age  advances  (Galton). 
For  testing  this  Galton  uses  a  small  whistle  made  of  a  brass  tube,  with  a  diameter 
of  less  than  ^th  of  an  inch  (fig.  596).  A  plug  is  fitted  at  the  lower  end  to  lengthen 
or  shorten  the  tube,  whereby  the  pitch  of  the  note  is  altered.  Amongst  animals 
—  Galton  finds  none  superior  to  cats  in  the  power  of  hearing  shrill  sounds,  and  h.' 
Fio-  696  attributes  this  "  to  diflerentiation  by  natural  selection  amongst  these  animals  until 
p°H    >  ■  they  have  the  power  of  hearing  all  the  high  notes  made  by  mice  and  other  little 

creatures  they  have  to  catch."]  .   ,    ,  , 

Whistle.  variationB  in  Auditory  Perception.— It  is  rare  to  hnd  that  tones  produced  by 
more  than  35,000  vibrations  per  second  arc  heard.  When  the  tensor  tympani  is  contracted,  th. 
perceT)tion  may  be  increased  for  tones  3000  to  5000  vibrations  higher,  but  rarely  more,  r&tbo- 
iogicaUy,  the  perception  for  high  notes  may  be  abnormally  acute— (1)  A\hen  the  ten.sion  ot  tiw 
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souud-coiulucting  apparatus  generally  is  increased.  (2)  By  elimination  of  tlu-  sound-conducting 
apparatus  of  the  middle  ear,  which  offers  greater  or  less  resistance  to  the  propagation  ot  very 
high  notes,  as  perforation  of  the  membrane  tympaui,  or  loss  of  the  incus  and  malleus.  In  these 
cases,  the  stapes  is  directly  set  in  vibration  by  the  sound-waves,  when  tones  up  to  80,000  vibra- 
tions have  been  perceived.  Diminished  tension  of  the  sound-conducting  apparatus  causes 
diminution  of  the  perception  for  high  tones  {Blake). 

A  smaller  number  of  vibrations  than  16  per  second  (as  in  the  organ)  are  no  longer  heard  as  a 
tone,  but  as  single  dull  impulses.  The  tones  that  are  produced  beyond  the  highest  audible 
note,  as  by  stroking  small  tuning-forks  with  a  violin  bow,  are  also  no  longer  heard  as  tones, 
but  they  cause  a  painful  cutting  kind  of  impression  in  the  ear.  In  the  musical  scale  the  range 
is,  approximately,  from  C  of  the  first  octave  with  16-5  vibrations  to  e,  the  eighth  octave. 

Comparison  of  Ear  and  Eye. — In  comparing  the  perception  of  the  eye  with  that  of  the  ear, 
we  see  at  once  that  the  range  of  accommodation  of  the  ear  is  much  greater.  Red  has  456  billions 
of  vibrations  per  second,  while  the  visible  violet  has  but  667,  so  that  the  eye  only  takes  cognis- 
ance of  vibrations  which  do  not  form  even  one  octave. 

Lowest  Audible  Tone. — As  to  the  smallest  number  of  successive  vibrations  which 
the  ear  can  perceive  as  a  sensation  of  tone,  Savart  and  Pfaundler  considered  that 
two  would  suffice.  If,  however,  we  exclude  in  our  experiments  the  possibility  of 
the  occurrence  of  overtones,  4  to  8  (Mack)  or  even  1 6  to  20  vibrations  (F.  Auerbach, 
Kohb-ausch)  are  necessary  to  produce  a  characteristic  tone. 

When  tones  succeed  each  other  rapidly,  they  are  still  perceived  as  distinct,  when 
at  least  O'l  second  intervenes  between  two  successive  tones  (y.  Uelmholtz) ;  if  they 
follow  each  other  more  rapidly,  they  fuse  with  each  other,  although  a  short-time 
interval  is  sufficient  for  many  musical  tones. 

By  the  term,  "fiiieness  of  the  ear,"  or,  as  we  say,  a  "good  ear,"  is  meant  the 
capacity  of  distinguishing  from  each  other,  as  different,  two  tones  of  nearly  the 
same  number  of  vibrations.  This  power  can  be  greatly  increased  by  practice,  so 
that  musicians  can  distinguish  tones  that  diff'er  in  pitch  by  only  -g^,  or  even 
J-2V0)     their  vibrations. 

With  regard  to  the  time-sense,  it  is  found  that  beats  are  more  precisely  perceived 
by  the  ear  than  by  the  other  sense-organs  {Horing,  Macli). 

Pathological. — According  to  Lucae,  there  are  some  ears  that  are  better  adapted  for  hearing 
Imo  notes  and  others  for  Mgh  notes.  Both  conditions  are  disadvantageous  for  hearing  speech. 
Those  who  hear  low  notes  best  hear  the  highest  consonants  imperfectly.  The  low  notes  are 
heard  abnormally  loud  in  rheumatic  facial  paralysis,  while  the  high  tones  are  heard  abnormally 
loud  in  cases  of  loss  of  the  membrana  tympaui,  incus,  and  malleus.  The  stapedius  is  in  full 
action,  whereby  the  highest  tones  are  heard  louder  at  the  expense  of  the  lower  notes.  Many 
persons  with  normal  hearing  hear  a  tone  higher  with  one  ear  than  with  the  other.  This  con- 
dition is  called  diplacusis  binauralis.  In  rare  cases,  sudden  loss  of  the  perception  of  certain 
tones  has  been  observed,  e.g.,  the  bass-deafness  of  Moos.  In  a  case  described  by  Magnus,  the 
tones  d',  b',  were  not  heard  (§  316). 

n.  Perception  of  the  Intensity  of  Tone.— The  intensity  of  a  tone  depends  upon  the  «My;Zz'- 
tudc  of  the  vibrations  of  the  sounding  body.  The  intensity  of  the  tone  is  proportional  to  the 
square  of  the  amplitude  of  vibration  of  the  sounding  body,  i.e.,  with  2,  3,  or  4  times  the  ampli- 
tude the  intensity  of  the  tone  is  4,  9,  16  times  as  strong.  As  sonorous  vibrations  are  com- 
municated to  our  ears  by  the  wave-movements  of  the  air,  it  is  evident  that  the  tones  must 
become  less  and  less  intense  the  further  we  are  from  the  source  of  the  sound.  The  intensity  of 
the  sound  is  inversely  proportional  to  the  square  of  the  distance  of  the  source  of  the  sound  from 
the  ear. 

Tests.— 1.  Place  a  watch  horizontally  near  the  ear,  and  test  how  close  it  may  be  brought  to 
the  ear,  and  also  how  far  it  may  be  removed,  and  still  its  sounds  be  heard.  Measure  the  dis- 
tance. 2.  Itard  uses  a  small  hammer  suspended  like  a  pendulum,  and  allowed  to  fall  upon  a 
hard  surface.  3.  Balls  of  different  weights  are  allowed  to  fall  from  varying  heights  upon  a  plate. 
In  this  case  the  intensity  of  the  sound  is  proportional  to  the  product  of  the  weight  of  the  ball 
into  the  height  it  falls. 

As  to  the  limits  of  the  perception  of  the  intensity  of  a  tone,  it  is  found  that  a  spherule  weigh- 
ing 1  milligram,  and  falling  from  a  height  of  1  mm.  upon  a  glass  plate,  is  heard  at  a  distance 
of  5  centimetres  {Schafhdult).  i        o       x  . 

415  PERCEPTION  OF  QUALITY-VOWELS.-By  the  term  quaUty  ("  Klangfarbe  ") 
mu^cal  colour  or  timbre,  is  imderstood  a  peculiar  character  of  the  tone,  by  which  ft  can  be 
distinguished  apart  from  its  pitch  and  intensity.  Thus,  a  flute,  horn,  violin,  and  the  human 
voice  may  all  sound  the  same  note  with  equal  intensity,  and  yet  all  the  four  are  distinguished 
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at  once  by  their  specific  ([uality.  Wherein  lies  the  essence  ("  Wesen  ")  of  tone-colour?  The 
investigations  of  v.  Helniholtz  have  proved  that,  amongst  mechanisms  which  produce  tones, 
only  those  that  produce  pendulum-like  vibrations,  i.e.,  the  to-and-fro  vibrations  of  a  metallic 
rod  with  one  end  lixed,  and  tuning-forks,  execute  simple  pendulum-like  vibrations.  Tliis  can 
bo  shown  by  making  a  tuning-fork  write  oil'  its  vibrations  on  a  recording  surface,  when  a  com- 
pletely uniform  wave-line,  with  equal  elevations  and  depressions  is  noted.  The  term  "tone" 
is  restricted  to  those  sounds,  hardly  ever  occurring  in  nature,  which  are  due  to  simple  pen- 
dulum-like vibrations. 

Other  investigations  have  shown  that  the  tones  of  musical  instruments  and  of  the  human 
voice,  all  of  which  have  a  characteristic  quality  of  their  own,  are  composed  of  many  single 
simple  tones.  Amongst  these  one  is  characterised  by  its  intensity,  and  at  the  same  time  it 
determines  the  pitch  of  the  whole  compound  musical  "tone-picture."  This  is  called  the 
fundamental  tone  or  key-note.  The  other  weaker  tones  which,  as  it  were,  sjiring  from  and 
are  mingled  with  this,  vary  in  different  instruments  both  in  intensity  and  number.  They 
and  their  vibrations  are  always  some  multiple — 2,  3,  4,  5  ....  times — of 

the  fundamental  tone  or  key-note.  In  general, 
we  say  that  all  those  outbursts  of  sound  which 
embrace  numerous  strong  upper  tones,  especi- 
ally of  high  pitch,  in  addition  to  the  funda- 
mental tone,  are  characterised  by  a  shaip, 
l)iercing,  and  rough  quality,  such  as  emanates 
from  a  trumpet  or  clarionet,  and  that  conversely 
the  quality  is  characterised  by  mildness  and 
softness  when  the  overtones  are  few,  feeble,  and 
low,  e.g.,  such  as  are  produced  by  the  flut«.  It 
requires  a  well-trained  musical  ear  to  dis- 
tinguish, in  an  instrumental  burst,  the  over- 
tones apart  from  the  fundamental  tone.  But 
this  is  very  easily  done  with  the  aid  of  resonators 
(fig.  600).  These  consist  of  spherical  or  funnel- 
shaped  hollow  bodies,  made  of  brass  or  some 
other  substance,  which,  by  means  of  a  short 
tube,  can  be  placed  in  the  outer  ear.  If  a 
resonator  be  placed  in  the  ear,  we  can  hear  the 
feeblest  overtone  of  the  same  number  of  vibra- 
tions as  the  fundamental  tone.  Thus,  musical 
instruments  are  distinguished  by  the  number, 
Curves  of  a  musical  tone  obtained  by  com-  intensity,  and  pitch  of  the  overtones  which  they 
pounding  the  curve  of  a  fundamental  tone  produce.  A  vibrating  metallic  rod  and  a  tuning- 
with  that  of  its  overtones.  fork  have  no  overtones  ;  they  only  give  the 

fundamental  tone.  As  already  mentioned,  the  term  simple  tone  is  applied  to  sounds  due  to 
simple  pendulum-like  vibrations,  while  a  sound  composed  of  a  fundamental  tone  and  overtones 
is  called  a  "klang"  or  compoimd  musical  tone. 

Vibration  Curve  of  a  Musical  Tone.— When  we  remember  that  a  musical  tone  or  clang  con- 
sists of  a  fundamental  tone,  and  a  number  of  overtones  of  a  certain  iii  tensity,  which  determine 
its  quality,  then  we  ought  to  be  able  to  construct  geometrically  the  vibration  curve  of  the 
musical  tone.  Let  A  represent  the  vibration  curve  of  the  fundamental  tone,  and  B  that  ot  the 
.  first  moderately  weak  overtone  (fig.  597).  The  combination  of  these  two  curves  is  obtained 
simply  by  computing  the  height  of  the  ordinates,  whereby  the  ordmates  of  the  overtone  curve, 
lyincr  above  the  abscissa  orhoriiiontal  line,  are  added  to  the  fundamental  tone  curve,  while  those 
of  the  ordinates  below  the  line  are  subtracted  from  it.  Thus  we  obtain  the  curve  C  which 
not  a  simple  pendulum-like  curve,  but  one  which  corresponds  to  an  Mjw^cfta?/  movement, 
curve  of  the  second  overtone  may  be  added  to  C,  and  so  on.  The  result  of  all  these  combina- 
tions  is  that  the  vibration  curves  corresponding  to  the  compound  musical  tones  are  ni^t^cfV 
periodic  curves.  All  these  curves  must,  of  course,  vary  with  the  number  and  pitch  of  the 
comnounded  overtone  curves.  ,  ,  .  , 

Displacement  of  the  Phases.— The  form  of  the  vibration  of  one  and  the  same  musical  tone 


IS 
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may  vary  very  gi-eatly  if,  in  compounding  the  curves  A  and  B  the  curve  B  is  only  slightly 
laterally.    If  13  is  displaced  so  that  the  hollow  ot  the  ^^^ll^  ""^fj'  ^'j?'^ 

addition  of  both  curves  yields  the  curve  r,  r,  r,  with  small  flevations  and  brmuUalleys.^^^  If  B 
jr,  until 
by  disp 

simple  pendulum-like  vibrations,  we 


addition  oi  oorn  curves  yieiuo  uno  uuivc  /,  #,  »,         ^   .--  r..       ..,   .        „i"i.„;„  „t;ii 

be  displaced  still  furthei-  until  the  elevation  of  the  wave  A,  coincides  ^"^h  A  we  obtein  still 
another  form  so  that  by  displacement  of  the  phases  of  the  wave-motions  of  the  compounded 
sinfpl  pSium-like  vibrations,  we  obtain  nunierous  difterent  forms  of  the  same  musical  tone. 
The  disnlacement  of  the  phases,  however,  has  no  ettect  on  the  ear.  ,.      ,         •  i 

The  generiri  esult  of  these  observations,  and  those  of  Fourier,  is  that  the  quality  of  a  musical 
tone  depends  upon  the  characteristic  form  of  the  vibratory  movement.  elastic 
Analysis  of  Vowels. -The  human  voice  represents  a  reed  instrument  NMth  vibrating  elastu 
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membranes,  the  vocal  cords  (§  312).  In  uttering  the  various  vowels  the  mouth  assumes  a 
characteristic  form,  so  that  its  cavity  lias  a  certain  fundamental  tone  peculiar  to  itself.  Thus, 
to  the  fundamental  tone  of  a  certain  pitch  produced  within  the  larynx,  there  are  added  certain 
overtones,  which  communicate  to  the  laryngeal  tone  the  vocal  or  vowel  ([uality.  Hence,  a 
vowel  is  the  timbre  or  quality  of  a  musical  tone  which  is  produced  in  the  larynx.  The  quality 
depends  upon  the  number,  intensity,  and  pitch  of  the  overtones,  and  the  latter,  again,  depend 
on  the  configuration  of  the  "vocal  cavity'  in  uttering  the  different  vowels  (§  317). 

Suppose  a  person  to  sing  the  vowels  one  after  the  other  on  a  special  note,  e.g.,  b  b,  we  can, 
with  the  aid  of  resonators  determine  the  overtones,  and  in  what  intensity  they  are  mixed  with 
the  fundamental  tone,  b  b,  to  give  the  characteristic  quality.  According  to  v.  Helmholtz, 
when  we  sound  tlie  vowels  on  b  b,  for  each  of  the  three  vowels,  one  overtone  is  specially 
characteristic  for  A-b'l  b;  for  0-bib;  for  U-f.  The  other  vowels  and  the  diphthongs  have 
each  tivo  specially  characteristic  overtones,  because  in  these  cases  the  mouth  is  so  shaped  that 
the  posterior  larger  cavity,  and  also  the  anterior  nari'ower  part,  each  yields  a  special  tone 
(§  316,  I., and  E).  These  two  overtones  are  for  E-Bl"  b  and  fi  ;  for  I-d'^  and  f ;  for  A-gi  I  and 
d'l  ;  for  0-ciii  ^  and  f  ;  for  U-g'"  and  f.  These,  however,  are  only  the  special  upper  tones. 
There  are  many  more  upper  tones,  but  they  are  not  so  prominent. 

Artificial  Vowels. — Just  as  it  is  possible  to  analyse  a  vowel  into  its  fundamental  tone  and  its 
upper  tones,  it  is  possible  to  compound  tones  to  produce  the  vowels  by  simultaneously  sounding 
the  fundamental  tone  and  the  corresponding  upper  tones.  (1)  A  vowel  is  produced  simply  by 
singing  loudly  a  vowel,  e.g.,  A,  upon  a  certain  note  against  the  free  strings  of  an  open  piano, 
whilst  by  the  pedal  the  damper  is  kept  raised.  As  soon  as  we  stop  singing,  the  characteristic 
vowel  is  sounded  by  the  strings  of  the  piano.  The  voice  sets  into  sympathetic  vibration  all 
those  strings  whose  overtones  (in  addition  to  the  fundamental  tone)  occur  in  the  vocal  com- 
pound tone,  so  that  they  vibrate  for  a  time  after  the  voice  ceases  [v.  Helmholtz),  (2)  The 
vowel  apparatus  devised  by  v.  Helmholtz  consists  of  numerous  tuning-forks,  which  are  kept 
vibrating  by  means  of  electro-magnets.  The  lowest  tuning-fork  gives  the  fundamental  tone, 
B  b,  and  the  others  the  overtones.  A  resonator  is  placed  in  front  of  each  tuning-fork,  and 
the  distance  between  the  two  can  be  varied  at  pleasure.  The  resonators  can  be  opened  and 
closed  by  a  lid  passing  in  front  of  their  openings.  When  the  resonator  is  closed,  we  cannot 
hear  the  tone  emitted  by  the  tuning-fork  placed  in  front  of  it ;  but  when  one  or  more  resonators 
are  opened  the  tone  is  heard  distinctly,  and  it  is  louder  the  more  the  resonator  is  opened.  By 
means  of  a  series  of  keys,  like  the  keys  of  a  pianoforte,  we  can  rapidly  open  and  close  the  re- 
sonators at  will,  and  thus  combine  various  overtones  with  the  fundamental  tone  so  as  to  pro- 
duce vowels  with  different  qualities.  V.  Helmholtz  makes  the  following  compositions: — 
U  =  B  b  with  b  b  weak  and  f  ;  0  =  damped  B  b  with  bi  b  strong  and  weaker  b  b,  f,  d"  ;  A  =  b  b 
(fundamental  tone)  with  inoderately  strong  bl  b  ^^'l  f'j  ^■Dd  strong  b"  \f  and  d'"  ;  A  =  b  y 
(fundamental  tone)  with  bi  b  and  f  I  somewhat  stronger  than  for  A,  d  strong,  b'l  b  weaker,  d^ 
and  f 'I  as  strong  as  possible  ;  E  =  b  b  (as  fundamental  tone)  moderately  strong,  with  bi  b  and  f 
moderate  also,_  and  fiil,  a"l  \j,  and  b'"  b>     strong  as  possible;  I  could  not  be  produced. 

In  Appunn's  apparatus,  the  fundamental  tone  and  the  overtones  are  produced  by  means  of 
organ  pipes,  whose  notes  can  be  combined  to  produce  the  vowels,  but  it  is  not  so  good  as  the 
tuning-forks,  since  the  organ  pipes  do  not  yield  simple  tones,  but  nevertheless  some  of  the 
vowels  can  be  admirably  reproduced  with  this  apparatus. 

Edison's  Phonograph.  — If  we  utter  the  vowels  against  a  delicate  membrane  stretched  over 
the  end  of  a  hollow  cylinder,  and  if  a  writing  style  be  fixed  to  the  centre  of  the  membrane,  and 
the  style  be  so  arranged  that  it  can  write  or  record  its  movements  on  a  piece  of  soft  tinfoil 
arranged  on  a  revolving  apparatus,  then  the  vowel  curve  is  stamped  as  it  were  upon  the  tinfoil. 
If  the  style  now  be  made  to  touch  the  tinfoil  while  the  latter  is  moved,  then  the  style  is  moved— 
it  moves  the  membrane,  and  we  hear  distinctlv  by  resonance  the  vowel  sound  reproduced. 

[Koenig'B  Manometric  Flames.— By  means" of  this  apparatus  the  quality  of  the  vowel  sounds 
is  easily  shown.  ^  It  consists  of  a  small  wooden  capsule.  A,  divided  into  two  compartments  by 
a  piece  of  thin  sheet  india-rubber.  Ordinary  gas  passes  into  the  chamber  on  one  side  of  the 
membrane,  through  the  stop-cock,  and  it  is  lighted  at  a  small  burner.  To  the  other  compart- 
ment IS  attached  a  wider  tube  with  a  mouthpiece.  The  whole  is  fixed  on  a  stand,  and  near  it 
IS  placed  a  four-sided  rotating  mirror,  M,  as  suggested  by  Wheatstone  (fig.  598).  On  speaking 
or  smgmg  a  vowel  into  the  mouthpiece,  and  rotating  the  mirror,  a  toothed  or  zigza"-  flame° 
picture  IS  obtained  in  the  mirror.  The  form  of  the  flame-picture  is  cllaracteristic  for  each 
vowel,  and  varies  of  course  with  the  pitch.]  [Fig.  599  shows  the  form  of  the  flame-picture 
obtained  in  the  rotating  mirror  when  the  vowels,  ou,  0,  a,  are  sung  at  a  pitch  of  iiL,  sol-,,  and 
1U0.    This  series  shows  how  they  differ  in  quality.] 

[Koenig  has  also  invented  the  apparatus  for  analysing  any  compound  tone  whose  funda- 
niental  tone  is  ut.,  (fig.  600).  It  consists  of  a  series  of  resonators,  from  tit.,  to  uiv„  fixed  in  an 
iron  Irame.  Each  resonator  is  connected  with  its  special  flame,  which  is  pictured  in  a  loii"' 
narrow,  square  rotating  mirror.  If  a  tuning-fork  ut.,  be  sounded,  only  the  flame  ut.,  is  allected 
and  so  on  with  each  tuning-fork  of  the  harmonic  series.  Suppose  a  compound  note"  containin.^ 
the  fundamental  tone  uTo,  and  its  harmonics  be  sounded,  then  the  flame  of  uTo,  and  those  of 
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tho  other  harmonics  in  the  note  are  also  nff'ectud,  so  that  tlie  tonu  can  be  analysed  opticallv. 
The  same  may  bo  done  with  tho  vowels.] 


Fig.  598. 

Koenig's  manometric  capsule  (A)  and  mirror  {M.)—{Koenig). 


Fig.  599. 

Flame-pictnres  of  the  vowels  ott,  o,  and  a  (Koenig). 

416.  LABYKINTH  DURING  HEARING.— If  we  ask  what  role  the  ear  plays 
in  the  perception  of  the  quality  of  sounds,  then  we  must  assume  that,  just  as  with 
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the  help  of  resonators  a  musical  note  can  be  resolved  into  its  fundamental  tone  and 
overtones,  so  the  ear  is  capable  of  performing  such  an  analysis.    The  ear  i-esolves 
the  complicated  wave-forms  of  musical  tones  into  their  components.    These  com- 
ponents it  perceives  as  tones  harmonious  with  each  other ;  with  marked  attention 
each  is  perceived  singly,  so  that  the  ear  distinguishes  as  different  tone-colours  only 
different  combinations  of  these  simple  tone-sensations.    The  resolution  of  complex 
vibrations,  due  to  quality,  into  simple  pendulum-like  vibrations  is  a  characteristic 
function  of  the  ear.    What  apparatus  in  the  ear  is  capable  of  doing  this  1    If  we 
sing  vigorously — e.(/.,  the  musi- 
cal vowel  A  on  a  definite  note, 
say  b  — against  the  strings  of 
an  open  pianoforte  while  the 
damper  is  raised,  then  we  cause 
all  those  strings,  and  only  those, 
to    vibrate  sympathetically, 
which  are   contained   in  the 
vowel   so   sung.     We  must, 
therefore,  assume  that  an  ana- 
logous sympathetic  apparatus 
occurs  in  the  ear,  which  is  tuned, 
as  it  were,  for  different  pitches, 
and  which  will  vibrate  sympa- 
thetically like  the  strings  of  a 
pianoforte.     "If  we  could  so 
connect  every  string  of  a  piano 
with  a  nerve-fibre  that  the  nerve- 
fibre  would  be  excited  and  per- 
ceived as  often  as  the  string 
vibrated,  then,  as  is  ac- 
tually the  case  in  the 
ear,  every  musical  note 
which  affected  the  in- 
strument would  excite 
a  series  of  sensations 
exactly  corresponding  to 
the  pendulum-like  vi- 
brations into  which  the 
original  movements  of 
the  air  can  be  resolved ; 
and  thus  the  existence 


'  Fig.  600. 

Koenig's  apparatus  for  analysing  a  compound  tone  with  the 
fundamental  tone  ut„. 


?he''eaV'' tI''^"'^  '^f  T""^^  '""^''^^  P^^^^^^^d,  as  is  actually  the  case  with 
the  ear.    The  perception  of  tones  of  different  pitch,  would  under  these  circum 

leoon,.„g  longer  towards  the  ape.  of  tie  cochlea,  Z  ''owtgaS  tle^SSg 

"  F 
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threads  (Ilenseti).  Thus,  a  string-like  fibre  of  the  merabrana  basiiaris,  which  is 
capable  of  vibrating,  corresponds  to  every  possible  sim^jle  tone.  According  to 
Hensen,  the  hairs  of  the  labyrinth,  which  are  of  unequal  length,  may  serve  this 
purpose.  Destruction  of  the  apex  of  the  cochlea  causes  deafness  to  deeper  tones 
(Baginshi/). 

[Hensen's  Experiments. — That  the  hairs  in  connection  with  the  hair-cells  vibrate 
to  a  particular  note  is  also  rendered  probable  by  the  experiments  of  Hensen  on  the 
crustacean  Mynis.  He  found  that  certain  of  the  minute  hairs  (auditory  hairs)  in 
the  auditory  organ  of  this  animal,  situate  at  the  base  of  the  antennae,  vibrated  when 
certain  tones  were  sounded  on  a  keyed  horn.  The  movements  of  the  hairs  were 
observed  by  a  low-power  microscope.  In  mammals,  however,  there  is  a  difficulty, 
as  the  hairs  attached  to  the  cells  appear  to  be  all  about  the  same  length.  We  must 
not  forget  that  the  perception  of  sound  is  a  mental  act.] 

This  assumption  also  explains  the  perception  of  noises. 

Of  noises  in  the  strictly  physical  sense,  it  is  assumed  that  they,  like  single 
impulses,  are  perceived  by  the  aid  of  the  saccules  and  the  ampullae. 

It  is  assumed  that  the  saccules  and  the  ampuUse  are  concerned  in  the  general 
perception  of  hearing,  i.e.,  of  shocks  communicated  to  the  auditory  nerve  (by 
impulses  and  noises);  while  by  the  cochlea  we  estimate  the  pitch  and  depth  of  the 
vibrations,  and  musical  character  of  the  vibrations  produced  by  tones. 

The  relation  of  the  semicircular  canals  to  the  equilibrium  of  the  body  is  referred 
to  in  §  350. 

417  SIMULTANEOUS  ACTION  OF  TWO  TONES— HARMONY— BEATS 
—DISCORDS— DIFFERENTIAL  TONES.— When  two  tones  of  different  pitch 
fall  upon  the  ear  simultaneously,  they  cause  different  sensations  according  to  the 

difference  in  pitch.  •  •     i        ■  c 

1.  Consonance.— If  the  number  of  vibrations  of  the  two  tones  is  in  the  ratio  ot 
simple  multiples,  as  1  :  2  :  3  :  4,  so  that  when  the  low  notes  make  one  vibration  the 
higher  one  makes  2  : 3  or  4  ...  .  then  we  experience  a  sensation  of  complete 

harmony  or  concord.  i.    i      •  i 

2.  Interference. — If,  however,  the  two  tones  do  not  stand  to  each  other  m  tlie 
relation  of  simple  multiples,  then  when  both  tones  are  sounded  simultaneously 
interference  takes  place.  The  hollows  of  the  one  sound-wave  can  no  longer  coincide 
with  the  hollows  of  the  other,  and  the  crests  with  the  crests,  but,  corresponding  to 
the  difference  of  number  of  vibrations  of  both  curves,  sometimes  a  wave-crest  must 
coincide  with  a  wave-hollow.  Hence,  when  wave-crest  meets  wave-crest,  there 
must  be  an  increase  in  the  strength  of  the  tone,  and  when  a  hollow  coincides  with 
a  crest,  the  sound  must  be  weakened.  Thus  we  obtain  the  impression  of  those 
variations  in  tone  intensity  which  have  been  called  "  beats." 

The  number  of  vibrations  is  of  course  always  equal  to  the  difference  of  the  number  of  vibra- 
tions of  both  tones.  The  beats  are  perceived  most  distinctly  when  two  o^ga"  tones  of  Low 
pitch  are  sounded  together  in  unison,  but  slightly  out  of  tune.  Suppose  we  take  two  organ 
Spes  with  33  vibrations  per  second,  and  so  alter  one  pipe  that  it  gives  34  vibrations  per  second 
then  one  distinct  beat  will  be  heard  every  second.  The  beats  are  heard  more  fr^iuently  the 
•Greater  the  difference  between  the  number  of  vibrations  ot  the  two  tones. 

Successive  Beats.— The  beats,  however,  produce  very  different  impressions  upon 
the  ear  according  to  the  rapidity  with  which  they  succeed  each  other.  _ 

1  Isolated  Beats.— When  they  occur  at  long  intervals,  we  may  perceive  tliem 
as  completely  isolated,  but  single  intensifications  of  the  sound  with  subsequent 
enfeeblement,  so  that  they  give  rise  to  the  impression  of  isolated  beats. 

2  Dissonance.— When  the  beats  occur  more  rapidly  they  cause  a  continuous 
disagreeable  whirring  impression,  which  is  spoken  of  as  dt^soiunice,  or  an  unhar- 
montous  sensation.  The  greatest  degree  of  unpleasant  painful  dissonance  occurs 
when  there  are  33  beats  per  second. 


PEKCEPTION  OF  THE  DIKECTION  OF  SOUNDS. 


819 


3.  Harmony. — If  the  beats  take  place  more  rapidly  than  33  times  per  second, 
the  sensation  of  dissonance  gradually  diminishes,  and  it  does  so  the  more  rapidly 
the  beats  occur.  The  sensation  passes  gradually  from  moderately  inharmonious 
relations  (which  in  music  have  to  be  resolved  by  certain  laws)  towards  consonance 
or  harmony.  The  tone  relations  are  successively  the  Second,  Seventh,  Minor  Third, 
Minor  Sixth,  Major  Third,  Major  Sixth,  Fourth,  and  Fifth. 

4.  Action  of  the  Musical  Tones  ("  Kldnge  "). — Two  musical  "klangs,"  or  com- 
pound tones,  falling  on  the  ear  simultaneously,  produce  a  result  similar  to  that  of 
two  simple  tones ;  but  in  this  case  we  have  to  deal  not  only  with  the  two  funda- 
mental tones  ;  but  also  with  the  overtones.  Hence  the  degree  of  dissonance  of 
two  musical  tones  is  the  more  pronounced  the  more  the  fundamental  tones  and  the 
overtones  (and  the  "  differential "  tones)  produce  beats  which  number  about  33 
per  second. 

5.  Differential  Tones. — Lastly  two  "  klangs,"  or  two  simple  musical  tones 
sounding  simultaneously,  may  give  rise  to  new  tones  when  they  are  uniformly  and 
simultaneously  sounding  in  corresponding  intensity.  We  can  hear,  if  we  listen 
attentively,  a  third  new  tone,  whose  number  of  vibrations  corresponds  to  the 
difference  between  the  two  primary  tones,  and  hence  it  is  called  a  "differential 
tone." 

Siunmational  Tones. — It  was  formerly  suijposed  that  new  tones  could  arise  from  the  sum- 
mation or  addition  of  their  number  of  vibrations,  but  it  has  been  shown  that  these  tones  are  in 
reality  differential  tones  of  a  high  order  {Appunn,  Prcyer). 

418.  PERCEPTION  OF  SOUND  —  OBJECTIVE  AND  SUBJECTIVE 
AUDITION— AFTER-SENSATION.— Objective  and  Auditory  Perceptions.— 

When  the  stimulation  of  the  terminations  of  the  nerves  of  the  labyrinth  is  referred 
to  the  outer  world,  then  we  have  objective  auditory  perceptions.  Such  stimulations 
are  only  referred  to  the  outer  world  as  are  conveyed  to  the  membrana  tympani  by 
vibrations  of  the  air,  as  is  shown  by  the  fact  that  if  the  head  be  immersed  in  water, 
and  the  auditory  meatuses  be  filled  thereby,  we  hear  all  the  vibrations  as  if  they 
occurred  within  our  head  itself  (Ed.  Weher),  and  the  same  is  the  case  with  our  own 
voice,  as  well  as  with  the  sound-waves  conducted  through  the  bones  of  the  headj 
when  both  ears  are  firmly  plugged.  ' 

Perception  of  Direction.— As  to  the  perception  of  the  direction  whence  sound 
comes,  we  obtam  some  information  from  the  relation  of  both  meatuses  to  the 
source  of  the  sound,  especially  if  we  turn  the  head  in  the  supposed  direction  of  the 
sound.  We  distinguish  more  easily  the  direction  from  which  noises  mixed  with 
musical  tones  come  than  that  of  tones  (Rayleigh).  When  both  ears  are  stimulated 
equally,  we  refer  the  source  of  the  sound  to  the  middle  line  anteriorly,  but  when 
one  ear  is  stimulated  more  strongly  than  the  other,  we  refer  the  source  of  the 
sound  more  to  one  side  {Kessel).  The  position  of  the  ear-muscles,  which  perhaps 
act  like  an  ear-funnel,  is  important.  According  to  Ed.  Weber,  it  is  more  difficult 
to  determine  the  direction  of  sound  when  the  ears  are  firmly  fixed  to  the  side  of 
the  head.  Further,  if  we  place  the  hollow  of  both  hands  in  front  of  the  ear,  so  as 
to  form  an  open  cavity  behind  them,  we  are  apt  to  suppose  that  a  sounding  body 
placed  in  front  is  behind  us.  The  semicircular  canals  are  said  also  to  be  concerned 
as  sound  coming  from  a  certain  direction  must  always  excite  one  canal  more  than  the 
otners.    ihus,  the  left  horizontal  canal  is  most  stimulated  by  horizontal  sound- 

tZZ^sTl  ^^"'^r^-    ^'^^^  ^^^^^-^^-^^  assert  that  the  membrana 

tympani  localises  the  sound,  as  only  certain  parts  of  it  are  aff-ected  by  the  sound- 

VV  cti  V  Co* 

sou?d'  suPlf'Jrw'/Tf  '°T*^  '^^-^^^^^  of  partly  by  the  intensity  or  loudness  of  the 

stni  1  «rp         .       ^'^''''^  ^'■^'^  a  known  distance.  But 

•still  we  are  subject  to  many  misconceptions  in  this  respect 
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Amongst  subjective  auditory  sensations  are  the  afler -vibrations,  es^iecially  of  intense  and 
continued  nuisical  tones  ;  the  tinnitus  aurium  (p.  600),  which  often  accompanies  abnormal 
inovoments  of  the  blood  in  the  ear,  may  be  due  to  a  mechanical  stimulation  of  the  auditory 
fibres,  perhaps  by  the  blood-stream  {Brenner). 

[Drugs.  —Cannabis  indica  seems  to  act  on  the  hearing  centre,  giving  rise  to  subjective  sounds  ; 
the  hearing  is  rendered  more  acute  by  strychnin  ;  while  quinine  and  sodic  salicylate  in  large 
doses  cause  ringing  in  the  ears  {Brunton).] 

Eutotical  perceptions,  which  are  due  to  causes  within  the  oar  itself,  are  such  as  hearing  the 
pulic-beats  in  the  surrounding  arteries,  and  the  rushing  sound  of  the  blood,  which  is  especially 
strong  when  there  is  increased  resonance  of  the  ear  (as  when  the  meatus  or  tympanum  is  closed, 
or  when  iluid  accumulates  in  the  latter),  during  increased  cardiac  action,  or  in  hyperiesthesia 
of  the  auditory  nerve  {Brenner).  Sometimes  there  is  a  cracking  noise  in  the  maxillaiy 
articulation,  the  noise  produced  by  traction  of  the  muscles  on  the  Eustachian  tube  (§  411),  and 
■when  air  is  forced  into  the  latter,  or  when  the  membrana  tympaui  is  forced  outwards  or 
inwards  (§  .350). 

Fatigue.— The  ear  after  a  time  becomes  fatigued,  either  for  one  tone  or  for  a  series  ot  tones 
which  have  acted  on  it,  .while  the  perceptive  activity  is  not  aflected  for  other  tones.  Complete 
recovery,  however,  takes  place  in  a  few  seconds  ( Urbantschilseh). 

Auditory  After-Sensations.  —(1)  Those  that  correspond  to  positive  after-sensations,  where  the 
after-sensation  is  so  closely  connected  with  the  original  tone  that  both  appear  to  be  continuous. 
(2)  There  are  some  after-sensations,  where  a  pause  intervenes  between  the  end  of  the  objective 
and  the  beginning  of  the  subjective  tone  {UrbantscJdtsch).  (3)  There  seems  also  to  be  a  form 
corresponding  to  negative  after-images.  ,  .  - 

In  some  persons,  the  perception  of  a  tone  is  accompanied  by  the  occurrence  of  subjective  colours, 
or  the  sensation  of  light,  e.g.,  the  sound  of  a  trumpet,  accompanied  by  the  sensation  of  yellow. 
More  seldom  visual  sensations  of  this  kind  are  observed  when  the  nerves  of  taste,  smell,  or 
touch  are  excited  {Niossbaumer,  Lehmann  and  Bleider).  It  is  more  common  to  find  that  an 
intense  sharp  sound  is  accompanied  by  an  associated  sensation  of  the  sensory  nerves,  ihus 
many  people  experience  a  cold  shudder  when  a  slate  pencil  is  drawn  in  a  peculiar  manner 

across  a  slate.  .  ,  •  ^  j    -ii        j  i 

[Colour  Associations.— Colour  is  in  some  persons  instantaneously  associated  with  sound,  and 
Galton  remarks  that  it  is  rather  common  in  children,  although  in  an  ill-developed  degree,  and 
the  tendency  seems  to  be  very  hereditary.  Sometimes  a  particular  colour  is  associated  with  a 
particular  letter,  vowel  sounds  particularly  evoking  colours.  Galton  has  given  coloured 
representations  of  these  colour  associations,  and  he  points  out  their  relation  to  what  he  calls 
number-forms,  or  the  association  of  certain  forms  with  certain  numbers.] 

An  auditory  impulse  'communicated  to  one  ear  at  the  same  time  often  causes  an  increase  in 
the  auditory  function  of  the  other  ear,  in  consequence  of  the  stimulation  of  the  auditory  centres 
of  both  sides  {Urbantschitsch,  Eitelberg).  .    ,  ,  ,  •  i 

Other  Stimuli.— The  auditory  apparatus,  besides  being  excited  by  sound-waves,  is  also 
affected  by  heterologous  stimuli.  It  is  stimulated  mechanically  by  a  sudden  blow  on  the  ear. 
The  effects  of  electricity  and  pathological  conditions  are  referred  to  m  §  350. 

419  COMPARATIVE— HISTORICAL.— The  lowest  fishes,  the  cyclostomata  (Petromyzon;. 
have  a  saccule  provided  with  auditory  hairs  containing  otoliths,  and  communicating  mth  twu 
semicircular  canals,  while  the  myxinoids  have  only  one  semicircular  canal.  Most  of  the  other 
fishes,  however,  have  a  utricle  communicating  with  three  semicircular  canals,  tj^f  ''^^P' 
prolongations  of  the  labyrinth  communicate  with  the  swlmmmg-bladdel^  In  amphibia  the 
structure  of  the  labyrinth  is  somewhat  like  that  in  fishes  but  the  cochlea  is  not  tjTically 
developed.  Most  amphibia,  except  the  frog,  are  devoid  of  a  membrana  ty^^Pf  i-^^.J^Jyi-Jf, 
fenestra  ovalis  (not  the  rotunda)  exists,  and  it  is  connected  m  the  frog  by  t^^^^^e  ossicles  with 
the  freely-exposed  membrana  tympani.  Amongst  reptUes  the  appendix  to  ^  saccide,  corre- 
spending  to  the  cochlea,  begins  to  be  prominent.  In  the  tortoise  it  is  saccular,  but  m  the 
c^codile  it  is  longer,  'aiid°  somewhat  curved  and  dilated  at  the  end  In  aU  reptiles  th 
fenestra  rotunda  is  developed,  whereby  the  cochlea  is  ^^^^^^ ^rn^ ^ 

crocodiles  and  birds,  the  cochlea  is  divided  into  a  scala  yestibiai  and  S.  ^^^^^^.^^l"^^. 
devoid  of  a  tympanic  cavity.    In  birds  both  saccules  (fig.  591,  IV  US)  ^  «  un  ted  (^/^^^^^^ 
the  canal  of  the  cochlea  (U  C),  which  is  connected  by  means  of  '^^J^f^f,^^ ^i^f^lin^^ 
saccule  is  larger  and  shows  indications  of  a  spiral  arrangement,  and  has  a  flask-like  blind 
end  the  laiiaTL)     The  auditory  ossicles  in  reptiles  and  birds  are  reduced  to  one  co  umn-like 
rod  corresponding     the  stapes,  and  called  the  columella.    The  lowest  mammals  (Echidna 
Se  stiSC^^^^^         thosLf  birds,  while  the  higher  mammals  have  the  same  tj^e  as  m 
man  ffif  591  III).    The  Eustachian  tube  is  always  open  in  the  wiiale. 

Amongst  invertebrata,  the  auditory  organ  is  very  simple  in  medusie  and  mollusca     It  > 

nieX  a^biadde:  filled  with  fluid,  wik  ^^^^ .f^^^^^  ^^^^'^  *mn^efobW 
walls     Hair-cells  occur  in  the  interior,  provided  with  one  or  more  otoliths.    Hcnsen  oos|n  c 
That  in  Tonie  of  the  aLilosa,  when  sound  was  conducted  into  the  water,  some  of  the  auditory 
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bristles  vibrated,  being  adapted  for  special  tones.  In  cephalopoda,  wc  distinguish  the  first 
differentiation  into  a  membranous  and  cartilaginous  labyrinth. 

Historical. — Empedoeles  (473  B.C.)  referred  auditory  impressions  to  the  cochlea.  The 
Hippocratic  School  was  acquainted  with  the  tympanum,  and  Aristotle  (384  B.C.)  with  the 
Eustachian  tube.  A''esalius  (1561)  described  the  tensor  tympani  ;  Cardanus  (1560)  the  conduc- 
tion through  the  bones  of  the  head  ;  while  Falloimis  (1561)  described  the  vestibule,  the  semi- 
circular canals,  chorda  tympani,  the  two  fenestric,  the  cochlea,  and  the  aqueduct.  Eustachius 
(t  1570)  described  the  modiolus,  the  lamina  spiralis  of  tlie  cochlea,  the  Eustachian  tube,  as 
well  as  the  muscles  of  the  ear  ;  Plater  tlie  ampulla;  (1583)  ;  Casseri  (1600)  the  lamina  spiralis 
membranacea.  Sylvius  (1667)  discovered  the  ossicle  called  by  his  name  ;  Vesling  (1641)  the 
stapedius.  Mersenne  (1618)  was  acquainted  with  overtones  ;  Gassendus  (1658)  experimented 
on  the  conduction  of  sound.  Acoustics  were  greatly  advanced  by  the  work  of  Chladni  (1802). 
The  most  recent  and  largest  work  on  the  ear  iu  vertebrates  is  by  G.  Retzius  (1881-84). 
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420.  STRUCTUEE  OF  THE  OEGAN  OF  SMELL. —Regie  Olfactoria.— The  area  of  the 
distribution  of  the  olfactory  nerve  is  the  regie  olfactoria,  which  embraces  the  upper  part  of  the 
septum,  the  upper,  and  part  of  the  middle  {Cm)  turbinated  bone  (fig.  601,  Cs).  All  the 
remainder  of  the  nasal  cavity  is  called  the  regie  respirateria.  These  two  regions  are  distin- 
guished as  follows  : — (1)  The  regio  olfactoria  has  a  thicker  mucous  membrane.  (2)  It  is  covered 
by  a  single  layer  of  cylindrical  epithelium,  the  cells  being  often  branched  at  their  lower  ends, 
and  contain  a  yellow  or  brownish-red  pigment  (figs.  602,  603,  E).  (3)  It  is  coloured  by  this 
pigment,  and  is  thereby  distinguished  from  the  uncoloured  regio  respiratoria,  which  is  covered 


Epithe- 
lium. 


Fig.  601. 


Mucous  I 

Mem-  /  /.^imi- 
brane, 


Fig.  601.— Nasal  and  pharyngo-nasal  cavities.    L,  levator  elevation  ;  P.s.p.,  plica  salphingo- 


palatina  ;  (7s,  Gm,  Gi,  the  three  turbinated  bones  {Urbantschitsch).  Fig:  602.— Vertical 
section  of  the  olfactory  region  (rabbit),  x  560.  s,  disc ;  xo,  zone  of  oval,  and  zr  of  spherical 
nuclei ;  b,  basal  cells  ;  dr,  part  of  a  Bowman's  gland  ;  n,  branch  of  the  olfactory  nerve. 

by  ciliated  epithelium.  (4)  It  contains  peculiar  tubular  glands  (Bowman's  glands),  described 
ZllZltt^  f  1/2),  while  the  rest  of  tl?e  mucous  membrane  conti'ins  ZZv- 

T^tnhr^Z  glands  (^«^cfc«7m,0;  but  in  man  the  latter  are  said  to  be  mixed  glands 

{Stohr){hg.  602).  Lymph-follicles  lie  in  the  mucous  membrane,  and  from  them  numerous 
leucocytes  pass  out  on  to  free  surface  {SloUr).    (5)  Lastly,  the  regio  olfactoria  emb'acJs  r 
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Fig.  603. 
N,  olfactory  cells  (hu- 
man) ;  71,  from  the 


end-ovp;ans  of  the  olfactory  nerve.  Tlic  long  iinrrow  oU'actory  cells  (lig.  60.3,  N)  arc  distri- 
buted between  tlio  ordinary  cylindrical  epithelium  (E)  covering  the  regio  olfactoria.  The 
body  of  the  coll  is  spindle-shaped,  with  a  large  nucleus  containing  nucleoli,  and  it  .sends 
upwards  between  the  cylindrical  cells  a  narrow  (0'9  to  TS  yu)  smooth 
rod,  ([uito  up  to  the  free  surface  of  the  mucous  membrane.  In  the  frog 
(ii)  the  free  end  carries  delicate  projecting  hairs  or  bristles.  In  the 
deeper  part  of  the  uuicous  membrane,  the  olfactory  cells  pass  into,  and 
become  continuous  with,  varicose  iine  nerve-fibres,  which  pass  into  the 
olfactory  nerve  (§  321,  I.,  1).  According  to  C.  K.  Holl'mann  and  Exner, 
after  section  of  the  olfactory  nerve,  the  specific  olfactory  end-organs 
become  changed  into  cylindrical  epithelium  (frog),  and  in  warm-blooded 
animals  they  undergo  fatty  degeneration,  even  on  the  15th  day.  _  V. 
Brunn  found  a  homogeneous  limiting  membrane,  which  had  holes  in  it 
for  transmitting  the  processes  of  the  olfactory  cells  only. 

[The  respiratory  part  of  the  nasal  mucous  membrane  is  lined  by  cili- 
ated epithelium  stratified  like  that  in  the  trachea  and  resting  on  a  base- 
ment membrane.  Below  this  there  are  many  lymph-corpuscles  and 
aggregations  of  adenoid  tissue.] 

[The  organ  of  Jacobson  is  present  in  all  mammals,  and  consists  of  two 
narrow  tubes  protected  by  cartilage,  and  placed  in  the  lower  and  anterior 
part  of  the  nasal  septum.  Each  tube  terminates  blindly  behind,  but 
anteriorly  it  opens  into  the  nasal  furrow  or  into  the  naso-palatine  canal 
(dog).  The  wall  next  the  middle  line  is  covered  by  olfactory  epithelium, 
and  receives  olfactory  nerves  (rabbit,  guinea-pig),  and  it  contains  glands 
similar  to  those  of  the  olfactory  region  ;  the  outer  wall  is  covered  by 
columnar  epithelium  ciliated  in  some  animals  {Klein).] 

421.  OLFACTORY  SENSATIONS.— Olfactory  sensations 
^o°-  y\pithdium  are  produced  by  the  action  of  gaseous,  odorous  substances,  being 
of  °the  'regio  olfac-  brought  into  direct  contact  with  the  olfactory  cells,  during 
toria.  the  act  of  breathing.    The  current  of  air  is  divided  by  the 

anterior  projection  of  the  lowest  turbinated  bone,  so  that  a  part  above  the  latter 
is  conducted  to  the  regio  olfactoria.  Odorous  bodies  taken  into  the  mouth  and  then 
expired  through  the  posterior  nares  are  said  not  to  be  smelt  {Bidder).  [This  is 
certainly  not  true,  as  has  been  proved  by  Aronsohn.] 

[It  is  usuallv  stated  that  only  odorous  particles  suspended  in  air  excite  the  sensation  of  smell. 
This  is  certainly  not  the  whole  truth— otherwise,  how  do  aquatic  animals,  like  fash,  smell  ?  More- 
over the  mucous  membrane  is  always  moist,  and  in  some  cases  where  there  is  a  profuse  secretion 
from  the  olfactory  mucous  membrane,  there  is  no  impairment  of  the  sense  of  smell.  ] 

During  inspiration,  the  air  streams  along  close  to  the  septum,  while  little  of  it  passes  through 
the  nasal  passages,  especially  the  superior  {Paulsen  and  Exner).  [The  expired  air  takes  almost 
the  same  course  as  the  inspired  air.] 

The  first  moment  of  contact  between  the  odorous  body  and  the  olfactory  mucous 
membrane  appears  to  be  the  time  when  the  sensation  takes  place,  as,  when  we_  wish 
to  obtain  a  more  exact  perception,  we  sniff  several  times,  i.e.,  a  series  of  rapid  in- 
spirations are  taken,  the  mouth  being  kept  closed.  During  snifl&ng,  the  air  within 
the  nasal  cavities  is  rarefied,  and  as  air  rushes  in  to  equilibrate  the  pressure,  the 
air,  laden  with  odorous  particles,  streams  over  the  olfactory  region.  Odorous 
fluids  are  said  not  to  give  rise  to  the  sensation  of  smell  when  they  are  brought  into 
direct  contact  with  the  olfactory  mucous  membrane,  as  by  pouring  eaii  de  Cologne 
into  the  nostrils  {Tourtual,  1827;  E.  H.  Weher,  1847).  [Aronsohn  has,  however, 
shown  that  these  experiments  are  not  accurate,  for  one  can  smell  eau  de  Cologne, 
clove  oil,  &c.,  when  a  mixture  of  these  bodies  with  -73  per  cent.  NaCl  is  applied  to 
the  olfactory  mucous  membrane;  the  most  suitable  medium  is  '73  per  cent.  ^aU 
and  its  temperature  40-43°  C]  Even  water  alone  temporarily  afiects  the  cells. 
We  know  practically  nothing  about  the  nature  of  the  action  of  odorous  bodies, 
but  many  odorous  vapours  have  a  considerable  power  of  absorbing  heat  {Tyndall). 
[Odorous  bodies  diminish  the  number  of  respirations  {Gourewitsch).\ 

The  intensity  of  the  sensation  depends  on-1.  The  size  of  the  olfactory  surface 
as  animals  with  a  very  keen  sense  of  smell  are  found  to  have  complex  turbinated 
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bones  covered  by  the  olfactory  mucous  membrane.  2.  The  cencentration  of  the 
odorous  mixture  of  the  air.  Still,  some  substances  may  be  attenuated  enormously 
{e.g.,  musk  to  the  two-millionth  of  a  milligramme),  and  still  be  smelt.  3.  The 
frequency  of  the  conduction  of  the  vapour  to  the  olfactory  cells  (sniffing). 

[The  acuteness  of  the  sense  of  smell  is  greatly  improved  by  practice.  A  boy 
named  James  Mitchell,  who  was  deaf,  dumb,  and  blind,  used  his  sense  of  smell, 
like  a  dog,  to  distinguish  persons  and  things.] 

[As  in  the  case  of  sight  and  hearing,  it  has  been  sought  to  connect  the  quality  of  taste  and 
smell  with  the  kind  of  vibrating  stimulus.  Ramsay  showed  that  many  facts  pointed  to  the 
dependence  of  smell  upon  the  vibratory  motion  of  odorous  particles  ;  tlius,  many  gases  and 
vapours  of  low  specific  gravity — i.e.,  with  a  very  rapid  vibration  of  their  molecules — are  per- 
fectly odourless,  while  such  substances  as  the  alcohols  and  fatty  acids,  alike  in  chemical  and 
physical  properties,  can  excite  generic  smells,  the  higher  members  of  the  group  being  more 
powerful  in  this  respect  than  the  lower  ones.  Taking  the  elements  as  arranged  in  a  "  Natural 
Classification"  by  Mendelejeff,  Haycraft  has  shown  that  elements  in  the  same  group  are  capable 
of  producing  similar  or  related  tastes,  and  the  same  seems  to  be  true  for  smell  {Haya-aft).'\ 

We  can  smell  the  following  substances  in  the  following  proportions : — Bromine  TnrffTriyj  sul- 
phuretted hydrogen  ^ o o'o 0 0  milligramme  in  1  c.cm.  of  air  {Valentin) ;  also  tbtttoto  of  a  milli- 
gramme of  chlorphenol,  and  ^nnnyFSOTT  of  a  milligramme  of  mercaptan  {E.  Fischer  and  Penzoldt). 

Electrical  stimuli  give  rise  to  olfactory  sensations.  [Althaus  found  that  electrical  stimula- 
tion of  the  olfactory  mucous  membrane  gave  rise  to  the  sensation  of  the  smell  of  phosphorus, 
and  Aronsohn  found  that  he  smelt  on  making  the  current  when  the  cathode — and  on  breaking 
the  current  when  the  anode — was  in  the  nose. 

The  variations  are  referred  to  in  §  343.  If  the  two  nostrils  are  filled  with  different  odorous 
substances  there  is  no  mixture  of  the  odours,  but  we  smell  sometimes  the  one  and  sometimes 
the  other  ( Valentin).  [Some  substances  appear  to  afi"ect  some  regions  of  the  olfactory  mem- 
brane, while  others  affect  other  parts.]  The  sense  of  smell,  however,  is  very  soon  blunted,  or 
even  paralysed.  [It  can  be  blunted  or  fatigued  in  a  few  minutes  ;  but  after  it  is  completely 
fatigued  it  can  recover  in  a  minute.]  Morphia,  when  mixed  with  a  little  sugar  and  taken  as 
snntf,  paralyses  the  olfactory  apparatus,  while  strychnin  makes  it  more  sensitive  {lAchtenfels 
and  Fr'dhlich). 

The  sensory  nerves  of  the  nasal  mucous  membrane  (§  347,  II.)  [i.e.,  those  supplied  from  the 
fifth  cranial  nerve]  are  stimulated  by  irritating  vapours,  and  may  even  cause  pain,  e,g.,  ammonia 
and  acetic  acid.  In  a  very  diluted  condition  they  may  even  act  on  the  olfactory  nerves.  The 
nose  is  useful  as  a  sentinel  for  guarding  against  the  introduction  of  disagreeable  odours  and 
foods.    The  sense  of  smell  is  aided  by  the  sense  of  taste,  and  conversely. 

[Flavour  depends  on  the  sense  of  smell,  and,  to  test  it,  use  substances,  solid  or  fluid,  with  an 
aroma  or  bouquet,  such  as  wine  or  roast  beef.] 

[Method  of  Testing.— In  doing  so,  avoid  the  use  of  pungent  substances  like  ammonia,  which 
excite  the  fifth  nerve.  Use  some  of  the  essential  volatile  oils,  such  as  cloves,  bergamot,  and  the 
fojtid  gum  resins,  or  musk  and  camphor.  Electrical  stimuli  are  not  available.  Action  of 
Drugs,  §  343.] 

Comparative.— In  the  lowest  vertebrata,  pits,  or  depressions  provided  with  an  olfactory 
nerve,  represent  the  simplest  olfactory  organ.  Amphipxus  and  the  cyclostomata  have  oply  mis 
olfactory  pit  ;  all  other  vertebrates  have  two.  In  some  animals  (frog)  the  nose  communicates 
with  the  mouth  by  ducts.    The  olfactory  nerve  is  absent  in  the  whale. 

Historical.— Rufus  Ephesius  (97  a.d.)  described  the  passage  of  the  olfactory  nerve  through 
the  ethmoid  bone.  Rudius  (1600)  dissected  the  body  of  a  man  with  congenital  anosmia  in 
whom  the  olfactory  nerves  were  absent.  Majendie  originally  supposed  that  the  nasal  branch  of 
the  htth  was  the  nerve  of  smell,  a  view  successfully  combated  by  Eschricht 


The  Sense  of  Taste. 

422.  STRUCTURE  OF  THE  GUSTATORY  ORGANS.— Gustatory  Region. 

—There  is  considerable  difference  of  opinion  as  to  what  regions  of  the  mouth  are 
endowed  with  taste  :— (1)  The  root  of  the  tongue  in  the  neighbourhood  of  the 
circumvallate  papiUis,  the  area  of  distribution  of  the  glosso-pharyngeal  nerve  is  un- 
doubtedly endowed  with  taste  (§  351).  (2)  The  tip  and  margins  of  the  tongue  are 
gustatory,  but  there  are  very  considerable  variations.  (3)  The  lateral  part  of  the  soft 
palate  and  the  glosso-palatine  arch  are  endowed  with  taste  from  the  glosso-pharyn- 
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geal  nerve.  (4)  It  is  uncertain  whether  the  hard  palate  and  the  entrance  to  the 
larynx  are  endowed  with  taste  (IJrielsma).  The  middle  of  the  tongue  is  not  gustatory. 

[Tongiie— Mucous  membrane. — The  structure  of  the  tongue,  as  a  muscular  organ  covered  witli 
imicous  nionibrane,  litis  already  been  described  {§  155).  The  dorsal  surface  of  the  tongue,  in 
front  of  the  blind  foramen,  is  beset  with  elevations  of  the  mucous  membrane,  whicli  extend  to 
its  tip  and  borders.  These  elevations,  or  papillss,  are  of  three  kinds  ;— filifonn,  fungiform, 
and  circumvallate.  They  consist  of  elevations  of  the  mucous  membrane,  visible  to  the  naked 
eye,  and  covered  by  stratified  squamous  epithelium,  while  the  central  core  of  connective-tissue 
contains  blood-  and  lymph-vessels  and  nerves.  The  filiform  papillae  occur  over  the  whole  tongue, 
and  are  smallest  and  most  numerous.    They  are  conical  eminences  covered  by  stratified  squamous 


Epithelium. 


t Tunica 
propria. 


Fig.  605. 

Fig.  [604. — Longitudinal  section  of  the  dorsum  of  the  human  tongue.  1,  section  of  two  filiform 
'papillfe,  with  secondary  papillte  (2) ;  3,  double,  4,  single  process  of  epithelium  with  loose 
epithelial  scales,  x  30.  Fig.  605. — Longitudiual  section  of  the  human  tongue.  1,  second- 
ai-y  papillee  on  2,  the  fungiform  papilla  ;  3,  base  of  2  ;  4,  small  filiform  papilla,  x  30. 

epithelium,  and  often  beset  with  secondary  papillaj  (fig.  604).  The  fungiform  papiUsB  occur 
chiefly  over  the  middle  and  front  part  of  the  tongue,  and  are  not  so  numerous  as  the  last.  They 
are  club-shaped,  with  a  narrow  base,  and  broad  expanded  rounded- head.  They  also  liave 
secondary  papillfe.  They  are  generally  brighter  red  than  the  others  (fig.  605).  The  circum- 
vallate papillse,  8  to  12  in  number,  diverge  from  the  foramen  cseeum  at  the  back  part  of  the 


I  Tranverse  section  of  a  circumvallate  papilla;  W,  the  papilla  ;  I'l,      the  \vall  in  section  ; 
'    R,  R,  the  circular  slit  or  fossa  ;  K,  K,  the  taste-bulbs  in  position  ;  N,  N,  the  nerves.  11, 
Isolated  taste-bulb  ;  D,  supporting  or  protective  cells ;  K,  under  end  ;  E  free  end,  open, 
with  the  projecting  apices  of  the  taste-cells.    Ill,  Isolated  protective  cell  (d)  mth  a  taste- 
cell  (c). 

tongue  in  two  rows  in  the  form  of  a  wide  V,  the  open  angle  of  the  V  being  directed  forwards. 
They  are  large,  with  a  broad  expanded  top,  and  are  lodged  in  a  depression  of  the  mucous  mem- 
orane,  being  surrounded  by  a  wall  of  mucous  membrane,  and  separated  from  it  by  a  circular 
trench,  into  the  base  of  which  gland-ducts  often  open.  They  have  numerous  secondary  papilla^, 
and  in  them  are  taste-buds,  fig.  606,  I.] 
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Taste-bulbs.  — The  end-organs  of  the  gustatory  nerves  are  the  taste-bul,bs  or  taste-buds  dis- 
covered by  Schwalbe  and  Lovijn  (1867).  Thoy  occur  on  the  lateral  surfaces  of  tlie  circunivallato 
papillffl  (fig.  606,  I),  and  upon  the  opposite  side,  K,  of  the  fossa  or  capillary  slit,  R,  R,  which 
surrounds  the  central  emineuce  or  papilla  ;  they  occur  more  rarely  on  the  surface.  They  also 
occur  on  the  fungiform  papilhu,  in  the  papillie  of  the  soft  palate  and  uvula  {A.  Hoffmann),  on 
the  under  surface  of  the  epiglottis,  the  upper  part  of  the  posterior  surface  of  the  epiglottis,  and 
the  inner  side  of  the  arytenoid  cartilages  {Vcrson,  Davis),  and  on  the  vocal  cords  {Hivianowsky). 
Many  buds  or  bulbs  disappear  in  old  age. 

[In  the  rabbit  and  some  other  animals,  there  is  a  folded  laminated  organ  on  each  side  of  the 
posterior  part  of  the  tongue,  called  the  papilla  foliata  ;  the  iblds  have  on  each  side  of  them 
numerous  taste-buds  (fig.  607).] 

Structure  of  the  taste-bulbs.  — They  are  81  yu  high  and  33  /x  thick,  barrel-shaped,  and  embedded 
in  the  thick  stratified  squamous  epithelium  of  the  tongue.  Each  bulb  consists  of  a  series  of 
lancet-shaped,  bent,  nucleated,  outer  supporting  or  protective  cells,  arranged  like  the  staves 
of  a  barrel  (tig.  606,  II,  D,  insolated  in  III,  «).  They  are  so  arranged  as  to  leave  a  small 
opening,  or  the  "gustatoi-y  pore,"  at  the  free  end  of  the  bulb.  Surrounded  by  these  cells, 
and  lying  in  the  axis  of  the  bud,  are  1  to  10  gustatory  ceUs  (II,  E),  some  of  which  are  provided 
with  a  delicate  process  (III,  e)  at  their  free  ends,  while  their  lower  fixed  ends  send  out  basal 
processes,  which  become  continuous  with 
the  terminations  of  the  nerves  of  taste, 
which  have  become  non-niedullated. 
After  section  of  the  glosso-pharyngeal, 
the  taste-buds  degenerate,  while  the 
protective  cells  become  changed  into 
ordinary  epithelial  cells  within  four 
months  (v.  Vintschgau  and  H'dnig- 
schmicd).  Very  similar  structures  were 
found  by  Leydig  in  the  skin  of  fresh- 
water fishes.  The  cjlatuls  of  the  tongue 
and  their  secretory  fibres  from  the  9th 
cranial  nerve  are  referred  to  in  §  141 
{Drasch). 

423.  GUSTATORY  SENSA- 
TIONS.—Varieties.— There  are 
four  different  gustatory  qualities, 
the  sensations  of  1.  Sweet ;  2. 
Bitter ;  3.  Acid ;  4.  Saline.  Acid 
and  saline  substances  at  the  same 
time  also  stimulate  the  sensory- 
nerves  of  the  tongue,  but  when  Fig.  607. 

greatly  diluted,  they  only  excite  the  Vertical  section  of  two  septa  of  the  papilla  foliata 
end-organs  of  the  specific  nerves  of  (rabbit),  x  80.  Each  septum,  I,  has  secondary  septa, 
taste.  Perhaps  there  are  special  ^' '  ^'  taste-buds  ;  n,  medullated  nerve ;  d,  serous 
nerve-fibres  for  each  different  gusta-    fSn^^e       °^  '  ^'  '^''^^'^^^ 

tory  quality  {u.  Vintschgau).  " 

Conditions.— Sapid  substances,  in  order  that  they  may  be  tasted,  require  the 
following  conditions  :— They  must  be  dissolved  in  the  fluid  of  the  mouth,  especially 
substances  that  are  solid  or  gaseous.  The  intensity  of  the  gustatory  sensation 
depends  on  : — 1.  The  size  of  the  surface  acted  on.  Sensation  is  favoured  by  rub- 
bing in  the  substance  between  the  papilL-e,  in  fact,  this  is  illustrated  in  the  rubbing 
movements  of  the  tongue  during  mastication  (§  354).  2.  The  concentration  of  the 
sapid  substance  is  of  great  importance.  Valentin  found  that  the  following  series 
of  substances  ceased  to  be  tasted  in  the  order  here  stated,  as  they  were  gradually 
diluted— syrup,  sugar,  common  salt,  aloes,  quinine,  sulphuric  acid.  Quinine  can 
be  diluted  20  times  more  than  common  salt  and  still  be  tasted  {Camerer).  3  The 
time  which  elapses  between  the  application  of  the  sapid  substance  and  the  produc- 
tion of  the  sensation  varies  with  different  substances.  Saline  substances  are  tasted 
most  rapidly  (after  0-17  second,  according  to  v.  Vintschgau),  then  sweet,  acid  and 
bitter  (quinine  after  0-258  second,  v.  Vintschgau).  This  even  occurs  with  a 
mixture  of  these  substances  (Schirmer).   The  last-named  substances  produce  the  most 
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persistent  "  after-taste."  4.  The  delicacy  of  the  sense  of  taste  is  partly  congenital, 
but  it  can  be  greatly  improved  by  practice.  If  a  person  continues  to  taste  the 
same  sapid  substance,  or  a  nearly  related  one,  or  even  any  very  intensely  sapid 
substance,  the  gustatory  sense  is  soon  affected,  and  it  becomes  impossible  to  give  a 
correct  judgment  as  to  the  taste  of  the  sapid  body.  6.  Taste  is  greatly  aided  by  the 
sense  of  smell,  and  in  fact  we  often  confound  taste  with  smell ;  thus,  ether,  chloro- 
form, musk,  and  assafoetida  only  affect  the  organ  of  smell.  [The  combined  action 
of  taste  and  smell  in  some  cases  gives  rise  to  flavour  (p.  823).]  The  eye  even  may 
aid  the  determination,  as  in  the  experiment  where  in  rapidly  tasting  red  and  white 
wine  one  after  the  other,  when  the  eyes  are  covered,  we  soon  become  unable  to 
distinguish  between  the  one  and  the  other,  6.  The  most  advantageous  temperature 
for  taste  is  between  10°  to  35°  C. ;  hot  and  cold  water  temporarily  paralyse  taste. 

Ice  placed  on  the  tongue  suppresses,  sometimes  entirely,  the  whole  gustatory  apparatus  ; 
cocain  alone,  bitter  tastes,  and  water  containing  2  per  cent,  of  H0SO4,  excite  afterwards  a 
sweet  taste  {Aducco  and  Mosso). 

Electrical  Current. — The  constant  current,  when  applied  to  the  tongue,  excites,  both 
during  its  passage  aud  when  it  is  opened  or  closed,  a  sensation  of  acidity  at  the  -f  pole,  and  at 
the  -  pole  an  alkaline  taste,  or,  more  correctly,  a  liarsh  burning  sensation  {Sulzcr,  1752).  This 
is  not  due  to  the  action  of  the  electrolytes  of  the  fluid  in  the  mouth,  for  even  when  the  tongue 
is  moistened  with  an  acid  fluid  the  alkaline  sensation  is  experienced  at  the  -  pole  ( VoUa).  We 
cannot,  however,  set  aside  the  supposition  that  perhaps  electrolytes,  or  decomposition-products, 
may  be  formed  in  the  deeper  parts  and  excite  tlie  gustatory  fibres.  Rapidly  interrupted 
currents  do  not  excite  taste  {Griinhagcn).  V.  Vintschgau,  who  has  only  incomplete  taste  on 
the  tip  of  the  tongue,  finds  that  when  the  tip  of  the  tongue  is  traversed  by  an  electrical  current, 
there  is  never  a  gustatory  sensation,  but  always  a  distinct  tactile  one.  In  experiments  on 
Honigschmied,  who  is  possessed  of  normal  taste  in  the  tip  of  the  tongue,  there  was  often 
a  metallic  or  acid  taste  at  the  -f  pole  on  the  tip  of  the  tongue,  while  at  the  -  pole  taste  was  often 
absent,  and  when  it  was  present  it  was  almost  always  alkaline,  and  acid  only  exceptionally.  After 
interrupting  the  current  there  ^va,s  a  metallic  after-taste  with  both  directions  of  the  current. 

[Testing  Taste. — Direct  the  person  to  put  out  his  tongue  and  close  his  eyes,  and 
after  drying  the  tongue  apply  the  sapid  substance  by  means  of  a  glass  rod  or  a 
small  brush.  Try  to  confine  the  stimulus  as  much  as  possible  to  one  place,  and 
after  each  experiment  rinse  the  mouth  with  water.  A  wine-taster  chews  an  olive 
to  "  clean  the  palate,"  as  he  says.  For  testing  bitter  taste  use  a  solution  of  quinine 
or  quassia  ;  iorsiveet,  sugar,  [or  the  intensely  sweet  substance  "  saccharine  "  obtained 
from  coal  tar] ;  saline,  common  salt ;  and  acid,  dilute  citric  or  acetic  acid.  The 
galvanic  current  may  also  be  used.] 

Pathological.— Diseases  of  the  tongue,  as  well  as  dryness  of  the  mouth  caused  by  interference 
with  the  salivary  secretion,  interfere  with  the  sense  of  taste.  Subjective  gustatory  impressions 
are  common  amongst  the  insane,  and  are  due  to  some  central  cause,  perhaps  to  irritation  of  the 
centre  for  taste  (§  378,  IV.,  3).  After  poisoning  with  santonin,  a  bitter  taste  is  experienced, 
while  after  the  subcutaneous  injection  of  morphia,  there  is  a  bitter  and  acid  taste.  The  terms 
hypergeusia,  hypogeusia,  and  ageusia  are  applied  to  the  increase,  diminution,  and  abolition 
of  the  sense  of  taste.  Many  tactile  impressions  on  the  tongue  are  frequently  confounded  with 
gustatory  sensations,  e.g.,  the  so-called  biting,  cooling,  prickling,  sandy,  mealy,  astringent, 
Ancl.  liRi'slx  tcistcs 

Comparative.— About  1760  taste-bulbs  occur  on  the  circumvallatc  papilhe  of  the  ox.  The 
term  papilla  foliata  is  applied  to  a  large  folded  gustatory  organ  placed  laterally  on  the  side  of  the 
tongue  (tig.  607),  especially  of  the  rabbit  {Rapp,  1832),  which  in  man  is  represented  by  analo- 
gous organs,  composed  of  longitudinal  folds,  lying  in  the  fimbriaj  lingua;  on  each  side  of  the 
posterior  part  of  the  tongue  {Krausc,  v.  Wyss).  Taste-bulbs  are  absent  in  reptiles  and  birds. 
They  are  numerous  in  the  gill-slits  of  the  tadpole  [F.  E.  Schultze),  while  the  tongue  of  the  frog 
is  covered  with  epithelium  resembling  gustatory  cells  {Billroth,  Axel  Key).  The  goblet-shaped 
orcrans  in  the  skin  of  fishes  and  tadpoles  have  a  structure  similar  to  the  taste-bulbs,  and  may 
perhaps  have  the  same  function.    There  are  taste-bulbs  in  the  mouth  of  the  carp  and  ray. 

Historical.— Bellini  regarded  the  papiUaj  as  the  organs  of  taste  (1711).  Richerand,  Mayo, 
and  Fodera  thought  that  the  lingual  was  the  only  nerve  of  taste,  but  Majeiidie  proved  that, 
after  it  was  divided,  the  posterior  part  of  the  tongue  was  still  endowed  with  taste.  1  anuza 
(1834)  described  the  glosso-pharyngeal  as  the  nerve  of  taste,  the  gustatory  as  the  nerve  ot  toucii, 
and  the  hypoglossal  as  the  moto'r  nerve  of  the  tongue. 
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424.  TEEMINATIONS  OF  SENSORY  NERVES.— 1.  The  toucli-corpuBcles  of  Wagner  and 
Meissner  lie  in  tho  papilUe  of  the  cutis  vera  (g  283),  and  are  most  numerous  in  the  pahn  of  the 
hand  and  the  sole  of  the  foot,  especially  in  the  lingers  and  toes,  there  being  about  21  to 
every  square  millimetre  of  skin,  or  108  to  400  of  the  papillsE  containing  blood-vessels.  They 
are  less  abundant  on  the  back  of  the  hand  and  foot,  mamma,  lips,  and  tip  of  the  tongue,  rare 
on  the  glans  clitoridis,  and  occur  singly  and  scattered  on  the  volar  side  of  the  fore-arm,  even  in 
the  anthropoid  apes.  They  are  oval  or  elliptical  bodies,  40-200  ju  long  [-g-J^  in.],  and  60-70  /n 
broad  [^-^  to  ^ttt  in-]>  and  are  covered  externally  by  layers  of  connective-tissue  arranged 
transversely  in  layers,  and  within  is  a  granular  mass  with  elongated  striped  nuclei  (figs.  608, 

609,  e).  One  to  three  medullated 
nerve-fibres  pass  to  the  lower 
end  of  each  corpuscle,  and  sur- 
round it  in  a  spiral  manner  two 
or  three  times ;  the  fibres  then 
lose  their  myelin,  and,  after 
dividing  into  4  to  6  fibrils,  branch 
within  the  corpuscle.    The  exact 


a 


Fig.  608,  Fig.  609. 

Fig.  608.— Vertical  section  of  tlie  skin  of  the  palm  of  the  hand,  a,  blood-vessels  ;  b,  papilla 
of  the  cutis  vera  ;  c,  capillary  ;  cl,  nerve-fibre  passing  to  a  touch-corpuscle  ;  /,  nerve- 
fibre  divided  transversely  ;  e,  Wagner's  touch-corpuscle  ;  cj,  cells  of  the  Malpigliian  layer 
of  the  skin.  Fig.  609.— Wagner's  touch-corpuscle  from  the  palm,  treated  with  gold 
chloride  ;  n,  nerve-fibres;  a,  a,  groups  of  glomeruli. 

mode  of  termination  of  the  fibrils  is  not  known.  Some  observers  suppose  that  the  transverse 
hbrillation  is  due  to  the  coils  or  windings  of  the  nerve-fibrils ;  while  according  to  others, 
the  inner  part  consists  of  numerous  flattened  cells  lying  one  over  the  other,  between  which 
the  pale  terminal  fibres  end  either  in  swellings  or  with  disc-like  expansions,  such  as  occur  in 
Merkel  s  corpuscles. 

[These  do  not  contain  a  soft  core  such  as  exists  in  Pacini's  corpuscles.  The  corpuscles  appear 
to  consist  of  connective-tissue  with  imperfect  septa  passing  into  the  interior  from  the  fibrous 
capsule.  After  the  nerve-fibre  enters  it  loses  its  myelin,  and  then  branches,  while  the  branches 
anastomose  and  follow  a  spiral  course  within  the  corpuscle,  finally  to  terminate  in  slight 
enlargements  According  to  Thin,  there  are  simple  and  compound  corpuscles,  depending  on 
the  number  of  nerve-fibres  entering  them.]  1         >     i  o 

Kollmann  describes  three  special  tactile  areas  in  the  hand  :— (1)  The  tips  of  the  fingers  with 
24  touch-corpuscles  in  a  length  of  10  mm.  ;  (2)  the  three  eminences  lying  on  the  palm  behind 
the  slits  between  the  fingers,  with  5 "4-2 7  touch-corpuscles  in  the  same  length ;  and  (3)  the 
ball  of  the  thumb  and  little  finger  with  3  "1-3  "5  touch-corpuscles.  The  firft  two  areas  also 
!^n^  c  f^^^f  of  the  corpuscles  of  Vater  or  Pacini,  while  in  the  latter  these  corpuscles  are  fewer 
ana  scattered.    In  the  other  parts  of  the  hand  the  nervous  end-organs  are  much  less  developed 
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2.  Vater'B  (1741)  or  Pacini's  corpnscleB  are  oval  bodies  (fig.  610),  1-2  mm.  long,  lying  in 
the  subcutaneous  tissue  on  the  nerves  of  the  lingers  and  toes  (600-1400),  in  the  neighbourhood 
ol' joints  nnil  muscles,  the  sympathetic  abdominal  plexuses,  near  the  aorta  and  coccygeal  gland 
on  the  dorsum  of  the  penis  and  clitoris,  and  in  the  mesocolon  [and  mcBentery]  of  the  cat. 
[They  also  occur  in  the  course  of  the  intercostal  and  periosteal  nerves,  and  Stirling  has 
seen  them  in  the  capsule  of  lymphatic  glands.  They  are  attached  to  the  nerves  of  the  hand 
and  feet,  and  are  so  large  as  to  be  visible  to  the  naked  eye,  both  in  these  regions  and  between 
the  layers  of  the  mesentery  of  the  cat.  They  are  whiti.sh  or  somewhat  transparent,  with  a 
white  line  in  the  centre  (cat) ;  in  man,  they  are  -,V  to  -jV  inch  long,  and  to  inch  broad, 
and  are  attached  by  a  stalk  or  pedicle  (lig.  610,  a)  to  the  nerve.]  They  consist  of  numerous 
nucleated  connective-tissue  capsules  or  lamellae  lined  by  endothelium,  separated  from  each  other 
by  fluid,  and  lying  one  within  the  other  like  the  coats  of  an  onion,  while  in  the  axis  is  a 

central  core.  A  medullated  nerve-fibre  passes  to  each, 
where  its  sheath  of  Schwann  unites  with  the  capsule.  It 
loses  its  myelin,  and  passes  into  the  interior  as  an  axial 
cylinder  (fig.  610,  c),  where  it  either  ends  in  a  small  knob 
or  may  divide  dichotomously  (fig.  610,  f),  each  branch 
terminating  in  a  small  pear-shaped  enlargement.  [Each 
large  corpuscle  is  covered  by  40-50  lameUsB,  or  tunics, 
which  are  thinner  and  closer  to  each  other  (fig.  610,  d) 
internally  than  in  the  outer  part,  where  they  are  thicker 
and  wider  apart.  The  lamellse  are  like  the  laminte  in  the 
lamellated  sheath  of  a  nerve,  and  are  composed  of  an  elastic 
basis  mixed  with  white  fibres  of  connective-tissue,  while 
the  inner  surface  of  each  lamella  is  lined  by  a  single  con- 
tinuous layer  of  endothelium  continuous  with  that  of  the 
perineurium.  It  is  easily  stained  with  silver  nitrate. 
The  efferent  nerve -fibre  is  covered  with  a  thick  sheath  of 
lamellated  connective-tissue  (sheath  of  Henle),  which  be- 
comes blended  with  the  outer  lamellae  of  the  corpuscle. 
The  medullated  nerve  is  sometimes  accompanied  by  a 
blood-vessel,  and  pierces  the  various  tunics,  retaining  its 
myelin  until  it  reaches  the  core,  where  it  terminates  as 
already  described.] 


Fig.  610.  Kg.  611.  Fig-  612. 

Fio-  610.— Vater's  or  Pacini's  corpuscle,    a,  stalk;  b,  nerve-fibre  entering  it;  c,  rf,  connective- 
°'  tissue  envelope  ;  c,  axis-cylinder,  with  its  end  divided  at/.     Fig.  611.-End.bulb  from 
human  conjunctiva,    a,  nucleated  capsule  ;  6,  core ;  c,  fibre  entering  and  branchmg,  ter- 
minating in  core  at  d.    Fig.  612. — Tactile  corpuscles,  clitoris  of  rabbit. 

3  Krause's  end-b\ilbs  very  probably  occur  as  a  regular  mode  of  nerve-termination  in  the 
cutis  and  mucous  membranes  of  all  mammals  (fig.  611).  They  are  elongated,  oval,  or  round 
bodies  0-075  to  0-14  mm.  long,  and  have  been  found  in  the  deeper  layers  of  tfie  conjunctiva 
bulbi  'floor  of  the  mouth,  margins  of  the  lips,  nasal  mucous  membrane,  epiglottis,  fungiform 
and  Jircumvallate  papillae,  glans  penis  and  clitoris,  volar  surface  of  the  toes  the  ffunea-pig, 
car  and  body  of  the  mouse,  and  in  the  w  ng  of  the  bat.  [In  the  calf,  the  ''cylindrical 
bulbs"  are  oval,  with  a  nerve-fibre  terminating  within  them.  Tlie  sheath  of  Henle  becomes 
continuous  with  the  nucleated  capsule,  while  the  axial  cylinder  devoid  of  its  myelin,  is  con- 
tinued into  the  soft  core.    In  man  the  end-bulbs  are  "  spheroidal,   and  consist  of  a  nucleated 
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coanectivc-tissue  capsule  continuous  with  Honlo's  slioatli  of  the  nerve,  and  enclosing  many  cells, 
amongst  which  the  axis-cylinder  which  enters  the  bulb  branches  and  terminates. ]  The  spheroidal 
end-bulbs .  occur  in  mau,  in  the  nasal  mucous  membrane,  conjunctiva,  mouth,  epiglottis,  and 
the  raucous  folds  of  the  rectum.  According  to  Waldeyer  and  Longworth,  the  nerve-fibrils 
terminate  in  the  colls  within  the  capsule.  These  cells  are  said  to  be  comparable  to  Merkel's 
tactile  colls  ( Waldeyer). 

The  genital  coi-piiscles  of  Krause,  which  occur  in  the  skin  and  mucous  membrane  of  the 
glans  penis,  clitoris,  and  vagina,  appear  to  be  end-bulbs  more  or  less  fused  together  (fig.  612). 

The  articulation  nerve -corpiiscles  occur  in  the  synovial  mucous  membrane  of  the  joints  of 
the  fingers.  They  are  larger  than  the  eud-bulbs,  and  have  numerous  oval  nuclei  externally, 
while  one  to  four  nerve-fibres  enter  them. 

4.  Tactile  or  touch-corpuscles  of  Merkel,  sometimes  also  called  the  coi-puscles  of  Grandry, 
occur  in  the  beak  and  tongue  of  the  duck  and  goose,  in  the  epidermis  of  man  and  mammals, 
and  in  the  outer  root-sheath  of  tactile  hairs  or  feelers  (fig.  613).  They  are  small  bodies  com- 
posed of  a  capsule  enclosing  two,  three,  or  more  large,  granular,  somewhat  flattened  nucleated 
and  nucleolated  cells,  piled  one  on  the  other  in  a  vertical  row  like  a  row  of  cheeses.  Each 
corpuscle  receives  at  one  side  a  medullated  nerve-fibre  which  loses  its  myelin,  and  branches,  to 
terminate,  according  to  some  observers  {Merhel),  in  the  cells  themselves,  and  according  to  others 
{Eanvicr,  Izqtiierdo,  Hesse)  in  the  protoplasmic  transparent  substance  or  disc  lying  between 


the  cells.  [This  intercellular  disc  is  the 
Hesse.]  When  there  is  a  great  aggre- 
gation of  these  cells,  large  structures  are 
formed  which  appear  to  form  a  kind  of 
transition  between  these  and  touch- 
corpuscles.  [According  to  Klein,  the 
terminal  fibrils  end  neither  in  the  touch- 
cells  nor  tactile  disc,  but  in  minute 


'disc  tactil"  of  Ranvier,  or  the  "  Tasti^lattc"  of 
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Fig.  613.  Fig.  614. 

Fig.  613.— Tactile  corpuscles  from  the  duck's  tongue.    A,  composed  of  three  cells  with  two 
interposed  discs,  with  axis-cylinder,  n,  passing  into  them.    B,  two  tactile  cells  and  one 
•  disc.    Fig.  614.— Bouchon  epidermique  from  the  groin  of  a  guinea-pig,  after  the  action  of 
gold  chloride,    n,  nerve-fibre  ;  a,  tactile  cells  ;  m,  tactile  discs  ;  c,  epithelial  cells. 

swellings  in  the  interstitial  substance  between  the  touch-cells,  in  a  manner  very  similar  to  that 
occurring  in  the  end -bulbs.] 

[According  to  Merkel,  tactile  cells,  either  isolated  or  in  groups,  but  in  the  latter  case  never 
forming  an  independent  end-organ,  occur  in  the  deeper  layers  of  the  epidermis  of  man  and 
mammals  and  also  in  the  papilloe.  They  consist  of  round  or  flask-shaped  cells,  with  the  lower 
pointed  neck  of  the  flask  continuous  with  the  axis-cylinder  of  a  nerve-fibre.  They  are  regarded 
by  Merkel  as  the  simplest  form  of  a  tactile  end-organ,  but  their  existence  is  doubted  by  some 
observers.  ] 

Amongst  animals  there  are  many  other  forms  of  sensory  end-organs.  [Herbst's  corpuscles 
occur  m  the  mucous  membrane  of  the  tongue  of  the  duck,  and  resemble  small  Vater's  corpuscles 
but  their  lamellie  are  thinner  and  nearer  each  other,  while  the  axis-cylinder  within  the  central 
core  is  bordered  on  each  side  by  a  row  of  nuclei.]  In  the  nose  of  the  mole  there  is  a  peculiar 
end-organ  (E%mer),  while  there  are  "  end-capsules"  in  the  penis  of  the  hedgehog  and  the  toncrue 
ot  the  elephant,  and  ''nerve-rings  "  in  the  ears  of  the  mouse.  °     q  o 

5.  [Other  Modes  of  Ending  of  Sensory  Nerves. -Some  sensory  nerves  terminate  not  by  means 
of  special  end-organs  but  their  axis-cylinder  splits  up  into  fibrils  to  form  a  nervous  network 
trom  which  fine  fibrils  are  given  off  to  terminate  in  the  tissue  in  which  the  nerve  ends.  These 
hbnls,  as  m  the  cornea  (§  384),  terminate  by  means  of  free  ends  between  the  epithelium  on  the 
anterior  surface  of  the  cornea,  and  some  observers  state  that  the  free  ends  are  provided  with 
small  enlargements  {"loutons  terminals")  (fig.  614,  a).  These  enlargements  or  ''tactile  cells " 
occur  in  the  groin  of  the  guinea-pig  and  mole.  A  similar  mode  of  termination  occurs  between 
the  cells  of  the  epidermis  in  man  and  mammals  (fig.  293)  ] 

roLi^^wSf;!!,?™'''?^-''*  t^l'^"'J^"'=."o'i  ^"th  muscles,  have  special  end-organs  (^«c/i^,  Rollctl, 
Golgi),  which  assume  various  forms  ;  it  may  be  a  network  of  primitive  uerve-librils,  or  flattened 
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end-flakes  or  jiliites  in  tlw  sterno-mdial  muscle  of  the  frog,  or  elongated  oval  end-bulbs,  not  un- 
like  the  end-bulbs  of  the  conjunctiva,  or  small  simple  Pacinian  cor])UScle8.] 

Prus  found  ganglion  colls  more  frequently  in  the  subcutaneous  tissue  tlian  in  the  corium, 
and  they  api)eared  to  have  some  relation  to  the  blood-vessels  and  sweat-glands. 

425.  SENSORY  AND  TACTILE  SENSATIONS.— In  the  sensory  nerve- 
trunks  there  are  two  functionally  different  kinds  of  nerve-fibres  : — (1)  Those  which 
administer  to  painful  impressions,  which  are  sensory  nerves  in  the  narrower  sense  of 
the  word  ;  and  (2)  those  which  administer  to  tactile  impressions  and  may  therefore  be 
called  tactile  nerves.  The  sensations  of  temperature  and  pressure  are  also  reckoned 
as  belonging  to  the  tactile  group.  It  is  extremely  probable  that  the  sensory  and 
tactile  nerves  have  different  end-organs  and  fibres,  and  that  they  have  also  special 
perceptive  nerve-centres  in  the  brain,  although  this  is  not  definitely  proved.  This 
view,  however,  is  supported  by  the  following  facts  : — 

1.  That  sensory  and  tactile  impressions  cannot  be  discharged  at  the  same  time 
from  all  the  parts  which  are  endowed  with  sensibility.  Tactile  sensations,  includ- 
ing pressure  and  temperature,  are  only  discharged  from  the  coverings  of  the  skin, 
the  mouth,  the  entrance  to  and  floor  of  the  nose,  the  pharynx,  the  lower  end  of  the 
rectum  and  genito-urinary  orifices  ;  feeble  indistinct  sensations  of  temperature  are 
felt  in  the  oesophagus.  Tactile  sensations  are  absent  from  all  internal  viscera,  as 
has  been  proved  in  man  in  cases  of  gastric,  intestinal,  and  urinary  tistulse.  Pain 
alone  can  be  discharged  from  these  organs.  2.  The  conduction  channels  of  the 
tactile  and  sensory  nerves  lie  in  different  parts  of  the  spinal  cord  (§  364,  1  and  5). 
This  renders  probable  the  assumption  that  their  central  and  peripheral  ends  also 
are  different.  3.  Very  probably  the  reflex  acts  discharged  by  both  kinds  of  nerve 
fibres — the  tactile  and  pathic — are  controlled,  or  even  inhibited,  by  special  central 
nerve-organs  (§  361 — ?).  4.  Under  pathological  conditions,  and  under  the  action  of 
narcotics,  the  one  sensation  may  be  suppressed  while  the  other  is  retained  (§  364,  5). 

Sensory  Stimuli. — In  order  to  discharge  a  painful  impression  from  sensory 
nerves,  relatively  strong  stimuli  are  required.  The  stimuli  may  be  mechanical, 
chemical,  electrical,  thermal,  and  somatic,  the  last  being  due  to  inflammation  or 
anomalies  of  nutrition  and  the  like. 

Peripheral  Reference  of  the  Sensations. — These  nerves  are  excitable  along  their 
entire  course,  and  so  is  their  central  termination,  so  that  pain  may  be  produced  by 
stimulating  them  in  any  part  of  their  course,  but  this  pain,  according  to  the  "  law 
of  peripheral  perception,"  is  always  referred  to  the  periphery. 

The  tactile  nerves  can  only  discharge  a  tactile  impression  or  sensation  of  contact 
when  moderately  strong  mechanical  pressure  is  exerted,  while  thermal  stimuli  are 
required  to  produce  a  temperature  sensation,  and  in  both  cases,  the  results  are 
obtained  only  when  the  appropriate  stimuli  are  applied  to  the  end-organs.  If 
pressure  or  cold  be  applied  to  the  course  of  a  nerve-trunk,  e.g.,  to  the  ulna  at  the 
inner  surface  of  the  elbow-joint,  we  are  conscious  of  painful  sensations,  but  never  of 
those  of  temperature,  referable  to  the  periflieral  terminations  of  the  nerves  in  the 
inner  fingers.  All  strong  stimuli  disturb  normal  tactile  sensations  by  over-stimula- 
tion, and  hence  cause  pain. 

The  law  of  the  specific  energy  of  nerves  leads  us  to  assume  that  the  cutaneous 
nerves  contain  diff"erent  kinds  of  nerve-fibres  with  different  kinds  of  end-organs, 
which  subserve  different  kinds  of  impressions,  e.g.,  pressure,  temperature,  and  pain. 
Elix  and  Goldscheider  have  found  such  differences.  Electrical  stimulation  causes 
different  sensations  according  to  the  part  of  the  skin  where  it  is  applied;  at  one 
spot,  pain  only  is  produced,  at  another  a  sensation  of  cold,  at  a  third  a  sensation  of 
heat,  and  at  a  fourth,  a  sensation  of  pressure.  At  every  temperature  point  or  spot, 
there  is  insensibility  for  pain  or  pressure.  The  "  pressure-points  "  or  pressure-spots 
lie  much  closer  together,  and  are  more  numerous  than  the  temperature-points. 
There  are  special  "pain-spots"  and  even  "tickling-spots."    These  spots  are 


THE  SENSE  OF  LOCALITY. 


arranged  in  a  linear  chain,  which  usually  radiates  from  the  hair-follicles.  The 
"  tickling-spots  "  coincide  with  the  pressure  and  pain-spots.  The  feeling  of  tickling 
corresponds  to  the  feeblest  stimulation  of  a  nerve-fibre,  and  pain  to  the  strongest. 
The  pain-spots  can  be  isolated  by  means  of  a  needle,  or  electrically,  especially  in 
the  cutaneous  furrows,  in  which  the  pressure-sense  is  absent. 

Goldsclieider  removed  from  his  own  body  small  pieces  of  skin,  in  which  he  had  previously 
ascertained  the  presence  of  these  "spots,"  and  then  investigated  the  excised  skin  microscopic- 
ally. At  each  such  spot  he  found  a  rich  supply  of  nerves  ;  at  the  pressure-spots,  there  were 
no  touch-corpuscles. 

[By  means  of  the  skin,  impressions  are  supplied  also  to  the  brain,  whereby  we  become  con- 
scious of  the  amount  and  direction  of  a  body  moved  in  contact  with  the  skin.  Indeed,  the 
discriminative  sensibility  is  more  acute  for  motion  than  for  touch  ;  but  the  liability  to  error  in 
judging  of  the  distance  and  direction  is  great  (Hall).] 

[Very  complex  sensations  are  obtained  by  means  of  the  combined  action  of  the  skin  and 
muscles,  e.g.,  those  known  as  "feelings  of  double  contact."  These  sensations  are  of  the 
greatest  advantage  in  acquiring  the  use  of  instruments  and  tools.  If  we  touch  an  object  with 
a  rod,  we  seem  to  feel  the  object  at  the  point  of  the  rod,  and  not  in  the  hand  where  the  cutaneous 
nerves  are  actually  stimulated.  With  a  walking  stick,  we  feel  the  ground 
at  the  end  of  the  stick.  Touch  the  tips  of  the  hair,  or  a  tooth,  and  the 
sensation  is  referred  to  the  tips  of  the  hair  in  the  one  case,  and  the  crown 
of  the  tooth  in  the  other  (Ladd).] 

426.  SENSE  OF  LOCALITY.— We  are  not  only  able  to 
distingui.sh  differences  of  pressure  or  temperature  by  our  sensory 
nerves,  but  we  are  able  to  distinguish  the  part  which  has  been 
touched.  This  capacity  is  spoken  of  as  the  sense  of  space  or 
locality. 

Methods  of  Testing.— 1.  Place  the  two  blunted  points  of  a  paii'  of  com- 
passes (fig.  615)  upon  the  part  of  the  skin  to  be  investigated,  and  determine 
the  smallest  distance  at  which  the  two  points  are  felt  only  as  one  impres- 
sion. Sieveking's  sesthesiometer  may  be  used  instead  (fig.  616)  ;  one  of  the 
points  is  movable  along  a  graduated  rod,  while  the  other  is  fixed.  2. 
The  distance  between  the  points  of  the  instrument  being  kept  the  same, 
touch  several  parts  of  the  skin,  and  ask  if  the  person  feels  the  impression 
of  the  points  coming  nearing  to  or  going  wider  apart.  3.  Touch  a  part  of 
the  .skin  with  a  blunt  instrument,  and  observe  if  the  spot  touched  is  cor- 
rectly indicated  by  the  patient.  4.  Separate  the  points  of  two  pairs  of 
compasses  unequally,  and  place  their  points  upon  difi'erent  parts  of  the  skin,  and  ask  the  person 
to  state  when  the  pomts  of  both  appear  to  be  equally  far  apart.    A  distance  of  4  lines  on  the 
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jEsthesiometer. 


Fig  616. 
iEsthesionieter  of  Sieveking 

forehead  appears  to  be  equal  to  a  distance  of  2-4  lines  on  the  uppei  lip.    This  is  Fechner's 
methods  of  eqmvalents." 

The  following  results  have  been  obtained.  The  sense  of  locality  of  a  part  of  the 
skm  IS  more  acute  under  the  following  conditions  : — 

1.  The  greater  the  7iumber  of  tactile  nerves  in  the  corresponding  part  of  the  skin, 
i  he  greater  the  mobility  of  the  part,  so  that  it  increases  in  the  extremities 
towards  the  fingers  and  toes.  The  sense  of  locality  is  always  very  acute  in  parts  of 
the  body  that  are  very  rapidly  moved  ( VierorfU). 
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3.  The  sensibility  of  the  limbs  is  finer  in  the  transverse  axis  than  in  the  long  axis 
of  the  limb,  to  the  extent  of  -^th  on  the  flexor  surface  of  the  upper  limb,  and  |th 
on  the  extensor  surface. 

4.  The  viode  of  (application  of  the  points  of  the  testhesiometer  : — (a)  According 
as  they  are  applied  one  after  the  other,  instead  of  simultaneously,  or  as  they  are 
considerably  warmer  or  colder  than  the  skin  [KLug),  a  person  may  distinguish  a 
less  distance  between  the  points,  (h)  If  we  begin  with  the  points  wide  apart  and 
approximate  them,  then  we  can  distinguish  a  less  distance  than  when  we  proceed 
from  imperceptible  distances  to  larger  ones,  (c)  If  the  one  point  is  warm  and  the 
other  cold,  on  exceeding  the  next  distance  we  feel  two  impressions,  but  we  cannot 
rightly  judge  of  their  relative  positions  (Czeiinak). 

6.  Exercise  greatly  improves  the  sense  of  locality;  hence  the  extraordinary 
acuteness  of  this  sense  in  the  blind,  and  the  improvement  always  occurs  on  both 
sides  of  the  body  ( Volhnann). 

[Fr.  Galton  finds  that  the  reputed  increased  acuteness  of  the  other  senses  in  the  case  of  the 
blind  is  not  so  great  as  is  generally  alleged.  He  tested  a  large  number  of  boys  at  an  educational 
blind  asylum,  with  the  result  that  the  performances  of  the  blind  boys  were  by  no  means  superior 
to  those  of  other  boys.  He  points  out,  however,  that  "the  guidance  of  the  blind  depends 
mainly  on  the  multitude  of  collateral  indications,  to  which  they  give  much  heed,  and  not  in  their 
superiority  in  any  one  of  them."] 

6.  Moistening  the  skin  with  indifferent  fluids  increases  the  acuteness.  If,  how- 
ever, the  skin  between  two  points,  which  are  still  felt  as  two  distinct  objects,  be 
slightly  tickled,  or  be  traversed  by  an  imperceptible  electrical  current,  the  impres- 
sions become  fused  (Suslotva).  The  sense  of  locality  is  rendered  more  acute  at  the 
cathode  when  a  constant  current  is  used  (Suslowa),  and  when  the  skin  is  congested 
by  stimulation  (Klinkenberg),  and  also  by  slight  stretching  of  the  skin  {Schmey); 
further,  by  baths  of  carbonic  acid  {v.  Basch  and  v.  Dietl),  or  warm  common  salt, 
and  temporarily  by  the  use  of  caffein  (Eumpf). 

7.  Ansemia,  produced  by  elevating  the  limbs,  or  venous  hyperaimia  (by  compress- 
ing the  veins),  blunts  the  sense,  and  so  does  too  frequent  testing  of  the  sense  of 
locality,  by  producing  fatigue.  The  sense  is  also  blunted  by  cold  applied  to  the 
skin,  the  influence  of  the  anode,  strong  stretching  of  the  skin,  as  over  the  abdomen 
during  pregnancy,  previous  exertion  of  the  muscles  under  the  part  of  the  skin 
tested,  and  some  poisons,  e.g.,  atropin,  daturin,  morphin,  strychnin,  alcohol, 
potassium  bromide,  cannabin,  and  chloral  hydrate, 

Millimetres. 


Tip  of  tongue,  .... 
Third  phalanx  of  finger,  volar 

surface,  .       .       .       .  • 
Red  part  of  the  lip,  . 
Second  phalanx  of  finger,  volar 

surface,  .  .  .  .  • 
First  phalanx  of  finger,  volar 

surface,  ..... 
Third  phalanx  of  finger,  dorsal 

surface,  ..... 
Tip  of  nose,  .... 
Head  of  metacarpal  bone,  volar, 
Ball  of  thumb,  .... 
Ball  of  little  finger,  . 
Centre  of  palm, 

Dorsum  and  side  of  tongue,  white 
of  the  lips,  metacarpal  part  of 
the  thumb,    .       .       •  • 

Third  phalanx  of  the  great  toe, 
plantar  surface, 

Second  phalanx  of  the  fingers, 
dorsal  surface, 

Back,  


2-- 


1-1  [l-l] 

-2-3  [1-7] 
4-5  [3-9] 


4 -  -4 -5  [3-9] 

5 -  5 -5 

6-8  [4-5] 
6-8  [4-5] 
5 --6 -8  [4-5] 
6-5-7- 
5-5-6- 
8--9- 
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•  [6-8] 
•3  [6-8] 


11-3  [9-] 
11-3  [9-] 


volar 


toe. 


Eyelid, 

Centre  of  hard  palate, 
Lower  third  of  the  fore-arm 

surface,  . 
In  front  of  the  zygoma, 
Plantar  surface  of  the  great 
Inner  surface  of  the  lip, 
Behind  the  zygoma,  . 
Forehead,  . 
Occiput, 

Back  of  the  hand, 
Under  the  chin,  . 
Vertex, 
Knee, 

Sacrum,  gluteal  region. 
Fore-arm  and  leg. 

Back 'at  the  fifth  dorsal  ve 
lower  dorsal  and  lumbar  region. 

Middle  of  the  neck,  . 

Upper  arm,  thigh,  and  centre^of 
the  back,       .  . 


tebra. 


Millimetres. 
11-3  [9-] 
13-5  [11-3] 

IS- 
IS-8  [11-3] 
15-8  [9-] 
20-3  [13-5] 
22-6  [15-8] 
22-6  [18-] 
27-1  [22-6] 
31-6  [22-6] 
33-8  [22-6] 
33-8  [22-6] 
36-1  [31-6] 

44-  6  [33  8] 

45-  1  [33-8] 
54-1  [36-1] 

54-1 
67-7 


67-7  [31 -6-40 -6] 
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Fig.  617. 
Aristotle's  experiment. 


Smallest  Appreciable  Distance.— The  preceding  statement  gives  the  smallest 
distance,  in  millimetres,  at  which  two  points  of  a  pair  of  compasses  can  still  be  dis- 
tinguished as  double  by  an  adult.  The  corresponding  numbers  for  a  boy  twelve 
years  of  age  are  given  within  brackets. 

Illusions  of  the  sense  of  locality  occur  very  frequently;  the  most  marked  are  : — (1)  A  nni- 
form  movement  over  a  cutaneous  surface  appears  to  be  quicker  in  those  places  which  have  the 
iinest  sense  of  locality.  (2)  If  we  merely  toiuh  the  skin  with  the  two  points  of  an  assthesio- 
meter,  then  they  feel  as  if  they  were  wider  apart  than  when  the  two  points  are  moved  along  the 
skin  (Fcchner).  (3)  A  sphere,  when  touched  with  short  rods,  feels  larger  than  when  long  rods 
are  used  {Tourtual).  (4)  When  the  lingers  of  one  hand  are  crossed,  a  small  pebble  or  sphere 
placed  between  them  feels  double  (Aristotle's  experiment).  [When  a  pebble  is  rolled  between 
the  crossed  index  and  middle  finger  (fig.  617,  B),  it  feels  as  if  two  balls  were  present,  but  with 
the  fingers  uncrossed  single.]  (5)  When  pieces  of  skin 
are  transplanted,  e.g.,  from  the  forehead,  to  form  a 
nose,  the  person  operated  on  feels,  often  for  a  long 
time,  the  new  nasal  part  as  if  it  were  his  forehead. 

Theoretical.  — Numerous  experiments  were  made  by 
E.  H.  Weber,  Lotze,  Meissner,  Czermak,  and  others 
to  explain  the  phenomena  of  the  sense  of  space. 
Weber's  theory  goes  upon  the  assumption,  that  one 
and  the  same  nerve-fibre  proceeding  from  the  brain 
to  the  skin  can  only  take  up  one  kind  of  impression, 
and  administer  thereto.  He  called  the  part  of  the 
skin  to  which  each  single  nerve-fibre  is  distributed 
a  "circle  of  sensation."  "When  two  stimuli  act 
simultaneously  upon  the  tactile  end-organ,  then  a 
double  sensation  is  felt,  when  one  or  more  circles  of 
sensation  lie  between  the  two  points  stimulated. 
This  explanation,  based  upon  anatomical  considera- 
tions, does  not  explain  how  it  is  that,  with  practice, 
the  circles  of  sensation  become  smaller,  and  also  how 
it  is  that  only  one  sensation  occurs,  when  both  points 
of  the  instruments  are  so  applied,  that  both  points,  although  further  apart  than  the  diameter  of 
a  circle  of  sensation,  at  one  time  lie  upon  two  adjoining  circles,  at  another  between  two  others 
with  another  circle  intercalated  between  them. 

Wundt's  Theory.— In  accordance  with  the  conclusions  of  Lotze,  Wundt  proceeds  from  a 
psycho-physiological  basis,  that  every  part  of  the  skin  with  tactile  sensibility  always  conveys 
to  the  bram  the  locality  of  the  sensation.  Every  cutaneous  area,  therefore,  gives  to  the  tactile 
sensation  a  "local  colour"  or  quality,  which  is  spoken  of  as  the  local  sign.  He  assumes 
tliat  this  local  colour  diminishes  from  point  to  point  of  the  skin.  This  gradation  is  very  sudden 
in  those  parts  of  the  skin  where  the  sense  of  space  is  veiy  acute,  but  occurs  very  gradually 
where  the  sense  of  space  is  more  obtuse.    Separate  im-  .... 

pressious  unite  into  a  common  one,  as  soon  as  the  gra-   

dation  of  the  local  colour  becomes  imperceptible.     By  '"v 

practice  and  attention  differences  of  sensation  are  expe-  .'"I       *  ■''••.•■".*.•.*•'  VvV::'* 

rienced,  which  ordinarily  are  not  observed,  so  that  he  ■;:'*.■       •V^'.''!''  *'■''•'.'■ 

explains  the  diminution  of  the  circles  of  sensation  by  '  '    *  *.  ' 

practice.    The  circle  of  sensation  is  an  area  of  the  skin,  a  be 

■nithin  which  the  local  colour  of  the  sensation  changes  so  yjo-  618 

little  that  two  separate  impressions  fuse  into  071C.  -o  a.     °'  -in 

^  Pressure-spots,    a,  middle  of  the  sole 

427.  PEESSURE  SENSE.— By  the  sense  of    °f  ^^}^  ^>  skin  of  zygoma; 

pressure  we  obtain  a  knowledge  of  the  amount  of  °^  ^^'^^^ 

weight  or  pressure  which  is  being  exercised  at  the  time  on  the  different  parts  of 
the  skin. 

A  specific  end-apparatus  arranged  in  a  punctated  manner  is  connected  luith  the 
pressure  sense  (ng.  618).  These  points  or  spots  are  called  "pressure-spots"  or 
"pressure-points"  (Blix),  and  are  endowed  with  varying  degrees  of  sensibility • 
at  some  places  (back,  thigh)  they  are  distinguished  by  a  markedly  pronounced  after- 
sensation.  The  arrangement  of  the  pressure-spots  follows  the  tvpe  of  the  arrange- 
ment of  the  temperature-spots.  The  pressure-spots  have  usually  another  direction 
than  that  of  hot  and  cold  spots,  as  a  rule,  they  are  denser.  The  minimal  distance 
at  which  two  pressure-spots,  when  simultaneously  stimulated,  are  felt  as  double,  is 

3  G 
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— on  the  back,  4  to  G  mm. ;  breast,  0'8  ;  abdomen,  1"5  to  2  ;  clieek,  0-4  to  0-6 ; 
upper  arm,  0'6  to  0'8  ;  fore-arm,  0-5  ;  back  of  the  hand,  0-3  to  O'G  ;  palm,  O'l  to 
0-5  ;  leg,  0-8  to  2  ;  back  of  foot,  0-8  to  1 ;  sole  of  foot,  0-8  to  1  mm. 

Methods. — 1.  Place,  on  the  part  of  the  skin  to  be  investigated,  different  weights,  one  after 
the  other,  and  ascertain  what  perceiJtioiis  they  give  rise  to,  and  tlie  sense  of  the  difference  of 
pressure  to  which  they  give  rise.  Wo  must  be  careful  to  exclude  differences  of  temperature  and 
prevent  the  displacement  of  the  weights — the  weights  must  always  bo  placed  on  the  same  spot, 
and  the  skin  should  be  covered  beforehand  with  a  disc,  while  the  muscular  sense  must  be 
eliminated  (§  430).  [This  is  done  by  supporting  the  hand  or  part  of  the  skin  which  is  being 
tested,  so  that  the  action  of  all  the  muscles  is  excluded.]  2.  A  process  is  attached  to  a  balance 
and  made  to  touch  the  skin,  while  by  placing  weights  in  the  scale-pan  or  removing  them,  we 


Fig.  619. 

Landois'  mercurial  balance  for  testing  the  pressui'e  sense. 

test  what  differences  in  weight  the  person  experimented  on  is  able  to  distinguish  {Dolmi).  3. 
In  order  to  avoid  the  necessity  of  changing  the  weights,  A.  Eulenburg  invented  his  barffis- 
thesiometer,  which  is  constructed  on  the  same  principle  as  a  spiral  spring  paper-clip  or  balance. 
There  is  a  small  button  which  rests  on  the  skin  and  is  depressed  by  the  spring.  An  index 
shows  at  once  the  pressure  in  grammes,  and  the  instrument  is  so  arranged  that  the  presssure 
can  be  very  easily  varied.  4.  Goltz  uses  a  pulsating  elastic  tube,  in  which  he  can  produce 
waves  of  different  height.  He  tested  how  high  the  latter  must  be  before  they  are  experienced 
as  pulse-waves,  when  the  tube  is  placed  upon  the  skin.  5.  Landois  uses  a  mercurial  balance 
(fig.  619).  The  beam  of  a  balance  (W)  moves  upon  two  knife-edges  (0,  0),  and  is  carried  on  the 
horizontal  arm  (&)  of  a  heavy  support  (T).  One  arm  of  the  beam  is  provided  with  a  screw  [m) 
on  which  an  equilibrating  weight  (S)  can  be  moved.  The  other  arm  (d)  passes  into  a  vertical 
calibrated  tube  (R).  Below  this  is  the  pressure-pad  (P),  which  can  be  loaded  as  desired  by  a 
weight  (G),  and  which  can  be  placed  upon  the  part  of  the  skin  to  be  tested  (H).  l-rom  an 
adjoining  burette  (B)  held  in  a  clamp  (A),  mercury  can  pass  through  a  tube  in  the  direction  ot 
the  arrows,  to  one  part  of  the  balance  and  into  the  tube  (R).    On  the  stop-cock  (A)  being 
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closed,  whenever  pressure  is  exerted  on  the  tube  (D,  D),  the  mercury  rises  through  d  into  R, 
and  increases  the  pressure  on  P.  We  measure  the  weight  of  the  mercury  corresponding  to 
each  division  of  the  tube  (R).  This  instrument  enables  rapid  variations  of  the  weight  to  be 
made  without  giving  rise  to  any  shock.  In  estimating  both  the  pressure  sense  and  temperature 
sense,  it  is  best  to  proceed  on  the  principle  of  "  the  least  perceptible  difference,"  i.e.,  the 
different  pressures  or  temperatures  are  graduated,  either  beginning  with  great  difl'erences,  or 
proceeding  from  the  smallest  difference,  and  determining  the  limit  at  which  the  person  can  dis- 
tinguish a  difference  in  the  sensation. 

Results. — 1.  The  smallest  jjerceptible  pressure,  when  applied  to  different  parts  of 
the  skin,  varies  very  gi-eatly  according  to  the  locality.  The  greatest  acuteness  of 
sensibility  is  on  the  forehead,  temples,  and  the  back  of  the  hand  and  fore-arm, 
which  perceive  a  pressure  of  0*002  grm. ;  the  fingers  first  feel  with  a  weight  of 
0"005  to  0"015  grm.  ;  the  chin,  abdomen,  and  nose  with  0'04  to  0"05  grm.  ; 
the  finger  nail  1  grm.  {Kaviinler  and  Avhert). 

The  greater  the  sensibility  of  the  skin,  the  more  rapidly  can  stimuli  succeed  each  other,  and 
still  bo  perceived  as  single  impressions  ;  52  stimuli  per  second  may  be  applied  to  the  volar  side 
of  the  upper  arm,  61  on  the  back  of  the  hand,  70  to  the  tips  of  the  fingers,  and  still  be  fel* 
singly  {Block). 

2.  Intermittent  variations  of  pressure,  as  in  Goltz's  tube,  are  felt  more  acutely  by 
the  tips  of  the  fingers  than  with  the  forehead. 

3.  Differences  between  two  weights  are  perceived  by  the  tips  of  the  fingers  when 
the  ratio  is  29  :  30  (in  the  fore-arm  as  18-2  :  20),  provided  the  weights  are  not  too 
light  or  too  heavy.  In  passing  from  the  use  of  very  light  to  heavy  weights,  the 
acuteness  or  fineness  of  the  perception  of  difference  increases  at  once,  but  with 
heavier  weights,  the  power  of  distinguishing  differences  rapidly  diminishes  again 
{E.  Hering,  Biedermann).  This  observation  is  at  variance  with  the  psycho-physical 
law  of  Fechner  (§  383). 

4.  A.  Eulenburg  found  the  following  gradations  in  the  fineness  of  the  pressure 
sense  : — The  forehead,  lips,  dorsum  of  the  cheeks,  and  temples  appreciate  differences 
of  A-  to  (200  :  205  to  300  :  310  grm.).  The  dorsal  surface  of  the  last  phalanx 
of  the  fingers,  the  fore-arm,  hand,  1st  and  2nd  phalanx,  the  volar  surface  of  the 
hand,  fore-arm,  and  upper  arm,  distinguish  differences  of  to  ^  (200 :  220  to 
220  :  210  grm.).  The  anterior  surface  of  the  leg  and  thigh  are  similar  to  the  fore- 
arm. Then  follow  the  dorsum  of  the  foot  and  toes,  the  sole  of  the  foot,  and  the 
posterior  surface  of  the  leg  and  thigh.  Dohrn  determined  the  smallest  additional 
weight,  which,  when  added  to  1  grm.  already  resting  on  the  skin,  was  appreciated 
as  a  difference,  and  he  found  that  for  the  3rd  phalanx  of  the  finger  it  was  0-499 
grm. ;  back  of  the  foot,  0*5  grm. ;  2nd  phalanx,  0-771  grm.;  1st  phalanx,  0-02 
grm.;  leg,  1  grm. ;  back  of  the  hand,  1-156  grm.  ;  palm,  1-018  grm.  ;  patella,  1-5 
grm.;  fore-arm,  1-99  grm.;  umbilicus,  3-5  grms. ;  and  the  back,  3-8  grms. 

5.  Too  long  time  must  not  elapse  between  the  application  of  two  successive 
weights,  but  100  seconds  may  elapse  when  the  difference  between  the  weights  is 
4:5  {E.  H.  Weber). 

6.  The  sensation  of  an  after-pressure  is  very  marked,  especially  if  the  weight  i 
considerable  and  has  been  appHed  for  a  length  of  time.  But  even  Ught  weights 
when  applied,  must  be  separated  by  an  interval  of  at  least  to  ^j,  second  in 
order  to  be  perceived.  When  they  are  applied  at  shorter  intervals,  the  sensations 
become  fused.  When  Valentin  pressed  the  tips  of  his  fingers  against  a  wheel 
provided  with  blunt  teeth  he  felt  the  impression  of  a  smooth  margin,  when  the  teeth 
were  applied  to  the  skin  at  the  intervals  above  mentioned ;  when  the  wheel  was 
rotated  more  slowly,  each  tooth  gave  rise  to  a  distinct  impression.  Vibrations  of 
strings  are  distinguished  as  such  when  the  number  of  vibrations  is  1506  to  1552 
per  second  {v.  Wittich  and  Griinhagen). 

f  li  '^V^  remarkable  that  pressure  produced  by  the  uniform  compression  of  a  part 
ot  the  body,  e.g.,  by  dipping  a  finger  or  arm  in  mercury,  is  not  felt  as  such  ;  the 
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sensation  is  felt  onlj'  at  the  liviit  of  the  fluid,  on  the  volar  surface  of  the  finger,  at 
the  limit  of  the  surface  of  the  mercury. 

428.  TEMPERATURE  SENSE.— The  temperature  sense  makes  us  aquainted 
with  the  variations  of  the  heat  of  the  skin. 

A  specific  end-apparatus  arranged  in  a  jiunclated  manner  is  connected  with  tlie 
temperatrire  sense. 

These  "  temperature-spots  "  are  arranged  in  a  linear  manner  or  in  chains,  which 
are  usually  slightly  curved  (figs.  620,  621).  They  generally  radiate  from  certain 
points  of  the  skin,  usually  the  hair-roots.  The  chain  of  the  "  cold-spots  "  usually 
does  not  coincide  with  those  of  the  "  hot-spots,"  although  the  point  from  which  they 
radiate  may  be  the  same.  Frequently,  these  punctated  lines  are  not  complete,  but 
they  may  be  indicated  by  scattered  points,  between  which,  not  unfrequently,  points 
or  spots  for  other  qualities  of  sensation  may  be  intercalated.  Near  the  hairs  there 
are  almost  always  temperature-spots.  In  parts  of  the  skin,  where  the  temperature 
sensibility  is  slight,  the  temperature-points  are  present  only  near  the  hairs. 

The  sensation  of  cold  occurs  at  once,  while  the  sensation  of  heat  develops 
gradually.    Mechanical  and  electrical  stimulation  also  excite  the  sensation  of 
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Fig.  620.  Fig-  621. 

Fi"  621  —A  cold-spots,  B,  hot-spots,  from  the  volar  surface  of  the  terminal  lAalanx  of  the 
°"  index-finger  to  the  margins  of  the  nail.    Fig.  622.— C,  cold-spots,  and  D,  warm-spots  of  the 
radial  half  of  the  dorsal  surface  of  the  wrist.    The  arrow  indicates  the  direction  in  which 
the  hair  points. 

temperature.  A  gentle  touch  of  the  temperature-spots  is  not  perceived ;  these 
points  seem  to  be  ansesthetic  towards  pressure  and  pain.  As  a  general  rule,  the 
cold-spots  are  more  abundant  over  the  whole  body— there  are  more  of  them  m  a 
given  area— while  the  hot-spots  may  be  quite  absent.  The  hot-spots  are,  as  a  rule, 
perceived  as  double  at  a  greater  distance  apart  than  the  cold-spots.  The  mmimal 
distance  on  the  forehead  is  0-8  mm.  for  the  cold-spots  and  4  to  5  mm.  for  the 
warm-spots  ;  on  the  breast  the  corresponding  numbers  are  2  and  4  to  5  ;  back,  1 -5 
to  2  and  4  to  6 ;  back  of  hand,  2  to  3  and  3  to  4 ;  palm,  0-8  to  2  ;  thigh  and  leg, 

2  to  3  and  3  to  4  mm. 

Method  —To  test  the  hot-  and  cold-spots,  use  a  hot  or  cold  metallic  rod  ;  at  the  cold-spots 
when  thev  are  lightly  touched,  only  the  sensation  of  cold  will  be  felt,  and  a  corresponding  effect 
TOth  a  hot  rod  at  the  hot-spots.    Both  spots  are  insensible  to  objects  of  the  same  temperature 

as  the  skin.  .  ^       •  ^.i 

According  to  E.  Hering,  what  determines  the  sensation  of  temperature  is  the 
temperature  of  the  thermic  end-apparatus  itself,  i.e.,  its  zero-temperature.  As  often 
as  the  temperature  of  a  cutaneous  area  is  above  its  zero-temperature,  we  feel  it  as 
ivarm  ■  in  the  opposite  case,  cold.  The  one  or  the  other  sensation  is  more  marked, 
the  more  the  one  or  other  temperature  varies  from  the  zero-temperature.  The  zero- 
temperature  can  undergo  changes  within  considerable  limits,  owing  to  external 

''^MttS-To  the  surface  of  the  skin  objects  of  the  same  size  and  ^-ith  the  same  themal 
conxhSy  are  applied  successively  at  clifforent  tempemtnres  :-l.  Nothnagel  uses  small 
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wooden  cups  with  a  metallic  base,  and  filled  with  warm  and  cold  water,  the  temperature  being 
registered  by  a  thcrmoraotor  placed  in  the  cups.  [2.  Cliuically,  two  test-tubes  lilled  with 
cold  and  warm  water,  or  two  spoons,  the  one  hot  and  the  other  cold,  may  be  used.] 

Results. — 1.  As  a  general  rule,  the  feeling  of  cold  is  produced  when  a  body- 
applied  to  the  skin  robs  it  of  heat ;  and,  conversely,  we  have  a  sensation  of  warmth 
when  heat  is  communicated  to  the  skin. 

2.  The  greater  the  thermal  conductivity  of  the  substance  touching  the  skin,  the 
more  intense  is  the  feeling  of  heat  or  cold  (§  218). 

3.  At  a  temperature  of  15"5°-35°  C,  we  distinguish  distinctly  differences  of 
temperature  of  0-2°-0-16°  E.  with  the  tips  of  the  fingers  {E.  11.  Weber).  Tem- 


622. 

Cold-  and  hot-spots  from  the  same  part  of  the  anterior  surface  of  the  fore-arm.  a,  cold-spots  ; 
h,  hot-spots.  The  dark  parts  are  the  most  sensitive,  the  hatched  the  medium,  the  dotted' 
the  feebly,  and  the  vacant  spaces  the  non-sensitive. 

peratures  just  below  that  of  the  blood  (33°-27°  Q.—Nothnagel)  are  distinguished 
most  distinctly  by  the  most  sensitive  parts,  even  to  differences  of  0-05°  C.  {Linder- 
mann).  Differences  of  temperature  are  less  easily  made  out  when  dealing  with 
temperatures  of  33°-39°  C,  as  well  as  between  14''-27°  C.  A  temperature  of 
55°  C.,  and  also  one  a  few  degrees  above  zero  (2-8°  C),  cause  distinct  pain  in 
addition  to  the  sensation  of  temperature. 

4.  The  sensibility  for  cold  is  generally  greater  than  for  warmth,— that  of  the  left 
hand  is  greater  than  the  right  {Goldscheider).    The  different  parts  of  the  skin  also 

vary  in  the  acuteness  of  their  thermal  sense,  and  in  the  following  order  :  Tip 

of  the  tongue,  eyelids,  cheeks,  lips,  neck,  and  body.  The  perceptible  minimum 
Nothnagel  found  to  be  0-4°  on  the  breast ;  0-9°  on  the  back ;  0-3°,  back  of  the 
hand;  0-4°,  palm  ;  0-2°,  arm;  0-4°,  back  of  the  foot;  0-5°,  thigh;  0-6°  leg  • 
0-4°-0-2°,  cheek ;  0-4°-0-3°  C,  temple.  The  thermal  sense  is  less  acute  in  the 
middle  line.         '  '  -    -  - 


e.g.,  the  nose,  than  on  each  side  of  it  {E.  H.  Weber).  Fig.  622  shows 
that  m  one  and  the  same  portion  of  skin,  the  cold-  and  hot-spots  are  differently 
located,  i.e.,  their  different  topography. 

cJ'^-KM^"''r''^"f"'^''^u  v°f  pencilled  mth  a  10  per  cent,  solution  of  cocain,  the 

sensibility  tor  heat  is  abolished  ;  the  cooling  sensation  of  menthol  depends  upon  its  st  mu- 
lation  of  the  cold  nerves  ;  CO,  applied  to  the  skin  excites  the  heat  nerves  {Goldscheider). 

5.  Differences  of  temperature  are  most  easily  perceived  when  the  same  part  of  the 
skin  IS  affected  successively  by  objects  of  different  temperature.    If,  however,  two 
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different  temperatures  act  simultaneously  and  side  by  side,  the  impressions  are  apt 
to  become  fused,  especially  when  the  two  areas  are  very  nefi,r  each  other. 

6.  Practice  improves  the  temperature  sense ;  congestion  of  venous  blood  in  the 
skin  diminishes  it ;  diminution  of  the  amount  of  blood  in  the  skin  improves  it  (M. 
Alsherg).  When  large  areas  of  the  skin  are  touched,  the  perception  of  differences 
is  more  acute  than  with  small  areas.  Kapid  variations  of  the  temperature  produce 
more  intense  sensations  than  gradual  changes  of  temperature.   Fatigue  occurs  soon. 

niiiBions  are  very  common  : — 1.  The  sensations  of  heat  and  cold  sometimes  alternate  in  a 
paradoxical  manner.  When  the  skin  is  dipped  first  into  water  at  10°  C.  we  feel  cold,  and  if  it 
he  then  dipped  at  once  into  water  at  16°  C,  we  have  at  first  a  feeling  of  warmth,  but  soon  again 
of  cold.  2.  The  same  temperature  applied  to  a  large  surface  of  the  skin  is  estimated  to  be 
greater  than  when  it  is  applied  to  a  small  area,  e.g.,  the  whole  hand  when  placed  in  water  at 
29  '5°  C.  feels  warmer  than  when  a  finger  is  dipped  into  water  at  32°  C.  3.  Cold  weights  are 
.iudged  to  be  heavier  than  warm  ones. 

Pathological. — Tactile  sensibility  is  only  seldom  increased  (hyperpselapheBia),  but  great 
sensibility  to  differences  of  temperature  is  manifested  by  areas  of  the  skin  wliose  epidermis  is 
partly  removed  or  altered  by  vesicants  or  herpes  zoster,  and  the  same  occurs  in  some  cases  of 
locomotor  ataxia  ;  while  the  sense  of  locality  is  rendered  more  acute  in  the  two  former  cases  and 
in  erysipelas.  An  abnormal  condition  of  the  sense  of  locality  was  described  by  Brown-Sequard, 
where  three  points  were  felt  when  only  two  were  applied,  and  two  when  one  was  applied  to  the 
skin.  Landois  finds  that  in  himself  pricking  the  skin  of  the  sternum  over  the  angle  of 
Ludovicus  is  always  accompanied  by  a  sensation  in  the  knee.  [Some  persons,  when  cold  water 
is  applied  to  the  scalp,  have  a  sensation  referable  to  the  skin  of  the  loins  {Stirling).]  A 
remarkable  variation  of  the  sense  of  locality  occurs  in  moderate  poisoning  with  morphia, 
where  the  person  feels  himself  abnormally  large  or  greatly  diminished.  In  degeneration  of  the 
posterior  columns  of  the  cord,  Obersteiner  observed  that  the  patient  was  unable  to  say  whether 
his  right  or  left  side  was  touched  ("  allocMria ").  Ferrier  observed  a  case  where  a  stimulus 
applied  to  the  right  side  was  referred  to  the  left,  and  vice  versd. 

Diminution  and  paralysis  of  the  tactile  sense  (Hypopselaphesia  and  Apselaphesia)  occur 
either  in  conjunction  with  simultaneous  injury  to  the  sensory  nerves,  or  alone.  It  is  rare  to 
find  that  one  of  the  qualities  of  the  tactile  sense  is  lost,  e.g.,  either  the  tactile  sense  or  the 
sense  of  temperature — a  condition  which  has  been  called  "partial  tactile  paralysis."  Limbs 
which  are  "sleeping"  feel  heat  and  not  cold  {Herzen). 

429.  COMMON  SENSATION— PAIN". — By  the  term  common  sensation  we 

understand  pleasant  or  unpleasant  sensations  in  those  parts  of  our  bodies  which  are 
endowed  with  sensibility,  and  which  are  not  referable  to  external  objects,  and 
whose  characters  are  difficult  to  describe,  and  cannot  be  compared  with  other 
sensations.  Each  sensation  is,  as  it  were,  a  peculiar  one.  To  this  belong  pain, 
hunger,  thirst,  malaise,  fatigue,  horror,  vertigo,  tickling,  well-being,  illness,  the 
respiratory  feeling  of  free  or  impeded  breathing. 

Pain  may  occur  wherever  sensory  nerves  are  distributed,  and  it  is  invariably 
caused  by  a  stronger  stimulus  than  normal  being  applied  to  sensory  nerves.  Every 
kind  of  stimulation,  mechanical,  thermal,  chemical,  electrical,  as  well  as  somatic 
(inflammation  or  disturbances  of  nutrition),  may  excite  pain.  The  last  appears  to 
be  especially  active,  as  many  tissues  become  extremely  painful  during  inflammation 
{e.g.,  muscles  and  bones),  while  they  are  comparatively  insensible  to  cutting.  Pain 
may  be  produced  by  stimulating  a  sensory  nerve  in  any  part  of  its  course,  from  its 
centre  to  the  periphery,  but  the  sensation  is  invariably  referred  to  the  peripheral 
end  of  the  nerve.  This  is  the  law  of  the  peripheral  reference  of  sensations. 
Hence,  stimulation  of  a  nerve,  as  in  the  scar  of  an  amputated  limb,  may  give  rise 
to  a  sensation  of  pain  which  is  referred  to  the  parts  already  removed.  Too  violent 
stimulation  of  a  sensory  nerve  in  its  course  may  render  it  incapable  of  conducting 
impressions,  so  that  peripheral  impressions  are  no  longer  perceived.  If  a  suflicient 
stimulus  to  produce  pain  be  then  applied  to  the  central  part  of  the  nerve,  such  an 
impression  is  still  referred  to  the  peripheral  end  of  the  nerve.  Thus  we  explain  the 
paradoxical  anesthesia  dolorosa.  In  connection  with  painful  impressions,  the 
patient  is  often  unable  to  localise  them  exactly.  This  is  most  easily  done  when  a 
small  injury  (prick  of  a  needle)  is  made  on  a  peripheral  part.    When,  however,  the 
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stimulation  occurs  in  the  course  of  the  nerve,  or  in  the  centre,  or  in  nerves  whose 
peripheral  ends  are  not  accessible,  as  in  the  intestines,  pain  (as  belly-ache),  which 
cannot  easily  be  localised,  is  the  result. 

Irradiation. — During  violent  pain  there  is  not  unfrequently  irradiation  of  the 
pain  (§  364,  5),  whereby  localisation  is  impossible.  It  is  rare  for  pain  to  remain 
continuous  and  uniform;  more  generally  there  are  exacerbations  and  diminutions 
of  the  intensity,  and  sometimes  j^eriodic  intensification,  as  in  some  neuralgias. 

The  intensity  of  the  pain  depends  especially  upon  the  excitability  of  the  sensory 
nerves.  There  are  considerable  individual  variations  in  this  respect,  some  nerves, 
e.g.,  the  trigeminus  and  splanchnic,  being  very  sensitive.  The  larger  the  number 
of  fibres  affected  the  more  severe  the  pain.  The  duration  is  also  of  importance,  in 
as  far  as  the  same  stimulation,  when  long  continued,  may  become  unbearable.  We 
speak  of  piercing,  cutting,  boring,  burning,  throbbing,  pressing,  gnawing,  dull,  and 
other  kinds  of  pain,  but  we  are  quite  unacquainted  with  the  conditions  on  which 
such  different  sensations  depend.  Painful  impressions  are  abolished  by  anaesthetics 
and  narcotics,  such  as  ether,  chloroform,  morphia,  <fec.  (§  364,  6). 

Methods  of  Testing. — To  test  the  cutaneous  sensibility,  we  usually  employ  the  constant  or 
induced  electrical  current.  Determine  first  the  minimum  sensibility,  i.e.,  the  strength  of  the 
current  which  excites  the  first  trace  of  sensation,  and  also  the  minimum  of  pain,  i.e.,  the 
feeblest  strength  of  the  current  which  first  causes  distinct  impressions  of  pain.  The  electrodes 
consist  of  thin  metallic  needles,  and  are  placed  1  to  2  cm.  apart. 

Pathological. — When  the  excitability  of  the  nerves  which  administer  to  painful  sensations  is 
increased,  a  slight  touch  of  the  skin,  nay,  even  a  breath  of  cold  air,  may  excite  the  most  violent 
pain,  constituting  cutaneous  hyperalgia,  especially  in  inflammatory  or  exanthematic  conditions 
of  the  skin.  The  term  cutaneous  paralgia  is  applied  to  certain  anomalous,  disagreeable,  or 
painful  sensations  which  are  frequently  referred  to  the  skin — itching,  creeping,  formication, 
cold,  and  burning.  In  cerebro-spinal  meningitis,  sometimes  a  prick  in  the  sole  of  the  foot 
produces  a  double  sensation  of  pain  and  a  double  reflex  contraction.  Perhaps  this  condition 
may  be  explained  by  supposing  that  in  a  part  of  the  nerve  the  condition  is  delayed  (§  337,  2). 
In  neuralgia  there  is  severe  pain,  occurring  in  paroxysms,  with  violent  exacerbations  and  pain 
shooting  into  other  parts  (p.  598).  Very  frequently  excessive  pain  is  produced  by  pressure  on 
the  nerve  where  it  makes  its  exit  from  a  foramen  or  traverses  a  fascia. 

Valleix's  Points  Douloureux  (1841).— The  skin  itself  to  which  the  sensory  nerve  runs, 
especially  at  first,  may  be  very  sensitive ;  and  when  the  neuralgia  is  of  long  duration  the 
sensibility  may  be  diminished  even  to  the  condition  of  analgesia  {Tiirck);  in  the  latter  case  there 
may  be  pronounced  anaesthesia  dolorosa  (p.  838). 

Diminution  or  paralysis  of  the  sense  of  pain  (hypalgla  and  analgia)  may  be  due  to  afifections 
of  the  ends  of  the  nerves,  or  of  their  course,  or  central  terminations. 

MetaUoscopy.— In  hysterical  patients  suffering  from  hemiantesthesia,  it  is  found  that  the 
feeling  of  the  paralysed  side  is  restored,  when  small  metallic  plates  or  larger  pieces  of  different 
metals  are  applied  to  the  affected  parts  {Burcq,  Charcot).  At  the  same  time  that  the  affected 
part  recovers  its  sensibility  the  opposite  limb  or  side  becomes  antesthetic.  This  condition  has 
been  spoken  of  as  transference  of  sensibility.  The  phenomenon  is  not  due  to  galvanic  currents 
developed  by  the  metals  ;  but  it  may  be,  perhaps,  explained  by  the  fact  that,  under  physio- 
logical conditions,  and  in  a  healthy  person,  every  increase  of  the  sensibility  on  one  side  of 
the  body,  produced  by  the  application  of  warm  metallic  plates  or  bandages,  is  followed  by  a 
diminution  of  the  sensibility  of  the  opposite  side.  Conversely,  it  is  found  that  when  one  side 
of  the  body  is  rendered  less  sensitive  by  the  application  of  cold  plates,  the  homologous  part  of 
the  other  side  becomes  more  sensitive  {Rumpf). 

430.  MUSCULAR  SENSE.— Muscular  Sensibility.— The  sensory  nerves  of 
the  muscles  (§  292)  always  convey  to  us  impressions  as  to'  the  activity  or  non- 
activity  of  these  organs,  and  in  the  former  case,  these  impressions  enable  us  to 
judge  of  the  degree  of  contraction.  It  also  informs  us  of  the  amount  of  the  con- 
traction to  be  employed  to  overcome  resistance.  Obviously,  the  muscular  sense 
must  be  largely  supported  and  aided  by  the  sense  of  pressure,  and  conversely. 
Jl..  H.  Weber  showed,  however,  that  the  muscle  sense  is  finer  than  the  pressure 
sense,  as  by  it  we  can  distinguish  weights  in  the  ratio  of  39  :  40,  while  the 
pressure  sense  only  enables  us  to  distinguish  those  in  the  ratio  of  29  •  30  In 
some  cases  there  has  been  observed  total  cutaneous  insensibility,  while  the 
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muscular  sense  was  retained  completely.  A  frog  deprived  of  its  skin  can  spring 
without  any  apparent  disturbance.  The  muscular  sense  is  also  greatly  aided  by 
the  sensibility  of  the  joints,  bones,  and  fascial.  Many  muscles,  e.g.,  those  of  respira- 
tion, have  only  slight  muscular  sensibility,  while  it  seems  to  be  absent  normally  in 
the  heart  and  non-striped  muscle. 

[The  muscular  sense  stands  midway  between  special  and  common  sensations,  and 
by  it  we  obtain  a  knowledge  of  the  condition  of  our  muscles,  and  to  what  extent 
they  are  contracted ;  also  the  position  of  the  various  parts  of  our  bodies  and  the 
resistance  offered  by  external  objects.  Thus,  sensations  accompanying  muscular 
movement  are  two-fold— («)  the  movements  in  the  unopposed  muscles,  as  the 
movements  of  the  limbs  in  space ;  and  {h)  those  of  resistance  where  there  is 
opposition  to  the  movement,  as  in  lifting  a  weight.  In  the  latter  case  the  sensa- 
tions due  to  innervation  are  important,  and  of  course  in  such  cases  we  have  also  to 
take  into  account  the  sensations  obtained  from  mere  pressure  upon  the  skin.  Our 
sensations  derived  from  muscular  movements  depend  on  the  direction  and  duration 
of  the  movements.  On  the  sensations  thus  conveyed  to  the  sensorium,  we  form 
judgments  as  to  the  direction  of  a  point  in  space,  as  well  as  of  the  distance  between 
two  points  in  space.  This  is  very  marked  in  the  case  of  the  ocular  muscles.  It  is 
also  evident  that  the  muscular  sense  is  intimately  related  to,  and  often  combined 
with,  the  exercise  of  the  sensation  of  touch  and  sight  {Sidly).] 

Methods  of  Testing. — Weights  are  wrapped  in  a  towel  and  suspended  to  the  part  to  be 
tested.  The  patient  estimates  the  weight  by  raising  and  lowering  it.  The  electro-muscular 
scjisibility  also  may  be  proved  thus:  cause  the  muscles  to  contract  by  means  of  induction  shocks, 
and  observe  the  sensation  thereby  produced.  [Direct  the  patient  to  place  his  feet  together 
while  standing,  and  then  close  his  eyes.  A  healthy  person  can  stand  quite  steady,  but  in  one 
with  the  muscular  sense  impaired,  as  in  locomotor  ataxia,  the  patient  may  move  to  and  fro,  or 
even  fall  (p.  647).  Again,  a  person  with  his  muscular  sense  impaired  may  not  be  able  to  touch 
accurately  and  at  once  some  part  of  his  body,  when  his  eyes  are  closed.]  .  ,  „ 

A  healthy  person  perceives  a  weight  of  1  gramme  applied  to  his  upper  arm  ;  when  a  weight  of 
15  gi-ms  is  applied,  he  perceives  an  addition  of  1  grm.  If  the  original  weight  be  50  grms.,  he 
will  detect  the  addition  of  2  grms. ;  if  the  original  weight  be  100  grms.,  he  will  detect  3  grms. 
The  weight  detectable  by  the  individual  finger  varies.  "With  the  leg,  when  the  weight  is 
applied  at  the  knee,  the  individual  may  detect  30  to  40  grms. ;  but  sometimes  only  a  greater 
weight.    Often  one  can  detect  a  difference  of  10  to  20,  or  30  to  70  grms. 

Section  of  a  sensory  nerve  causes  disturbance  of  the  fine  graduation  of  move- 
ment (p.  619).  Meynert  supposes  that  the  cerebral  centre  for  muscular  sensibility 
lies  in  the  motor  cortical  centres,  the  muscles  being  connected  by  motor  and 
sensory  paths  with  the  ganglionic  cells  in  these  centres. 

Too  severe  muscular  exercise  causes  the  sensation  of  fatigue,  ojypresswn,  and 
weight  in  the  limbs  (§  304). 

Pathological.— Abnormal  increase  of  the  muscular  sense  is  rare  {vmscular  hypcralgia  a?irf 
hypercesthesia),  as  in  anxietas  tibiarum,  a  painful  condition  of  unrest  which  leads  to  a  continual 
change  in  the  position  of  the  limbs.  In  cramp  there  is  intense  pain,  due  to  stimulation  of  the 
sensory  nei-ves  of  the  muscle,  and  the  same  is  the  case  in  inflammation.  Ihvnnution  of  the 
muscular  sensibility  occurs  in  some  choreic  and  ataxic  persons  (§  364,  o).  In  locomotor  ataxia 
the  muscular  sense  of  the  upper  extremities  may  be  normal  or  weakened,  while  it  is  usually  con- 
siderably diminished  in  the  legs.  [The  muscular  sense  is  said  to  be  increased  m  the  hypnotic 
condition,  and  in  somnambulists,] 
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431.  FOKMS  OF  EEPEODUCTION. — I.  Abiogenesis  (Generatio  aeqiiivoca,  sive  spontanea, 
spontaneous  generation). — It  was  formerly  assumed  that,  under  certain  circumstances,  non- 
living matter  derived  from  the  decomposition  of  organic  materials  became  changed  spontaneously 
into  living  beings.  While  Aristotle  ascribed  this  mode  of  origin  to  insects,  the  recent  observers 
who  advocate  this  form  of  generation  restrict  its  action  solely  to  the  lowest  organisms.  Experi- 
mental evidence  is  distinctly  against  spontaneous  generation.  If  organised  matter  be  heated  to 
a  very  high  temperature  in  sealed  tubes,  and  be  thus  deprived  of  all  living  organisms  or  their 
spores,  there  is  no  generation  of  any  organism.  Hence,  the  dictum  "Omne  vivum  ex  ovo  " 
{Harvuy,  or,  ex  vivo).  Some  highly  organised  invertebrate  animals  (Gordius,  Anguillula,  Tardi- 
grada,  and  Rotatoria)  maybe  dried,  and  even  heated  to  140°  C,  and  yet  regain  their  vital 
activities  on  being  moistened  (Anabiosis). 

n.  Division  or  fission  occurs  in  many  protozoa  (amceba,  infusoria).  The  organism,  just  as  is 
the  case  with  cells,  divides,  the  nucleus  when  present  taking  an  active  part  in  the  process,  so 
that  two  nuclei  and  two  masses  of  protoplasm 
forming  two  organisms  are  produced.  The 
Ophidiasters  amongst  the  echinoderms  divide 
spontaneously,  and  they  are  said  to  throw  off 
an  arm  which  may  develop  into  a  complete 
animal.  According  to  Trembley  (1744),  the 
hydra  may  be  divided  into  pieces,  and  each 
piece  gives  rise  to  a  new  individual  [although 
under  normal  circumstances  the  hydra  gives  off 
buds,  and  is  provided  with  generative  organs]. 

[Division  of  Cells. — Although  a  cell  is  de- 
fined as  a  "nucleated  mass  of  living  proto- 


Fig.  623.  Fig.  624. 

Fig.  623.— Changes  in  a  cell  nucleus  during  karyokinesis.    Fig.  624.— Typical  nucleated  cell  of 
the  mtestinal  epithelium  of  a  flesh -maggot,    mc,  membrane  of  cell;  mn,  membrane  of 
nucleus  ;  pc,  cellular  protoplasm,  with  the  radiating  reticulum,  and  the  eiichylcina  enclosed 
in  its  meshes  ;       plasma  of  nucleus  ;  hn,  nuclear  filament  showing  numerous  twists, 
plasm,"  recent  researches  have  shown  that,  from  a  histological  as  well  as  from  a  chemical  point  of 
view,  a  cell  is  really  a  very  complex  structure.    The  apparently  homogeneous  cell-substance  is 
traversed  by  a  fine  plexus  of  fibrils,  with  a  homogeneous  substance  in  its  meshes,  while  a 
similar  network  of  fibrils  exists  within  the  nucleus  itself  (fig.  623).]  „°ra>n>j 
•  [The  nucleus  of  a  typical  cell  is  a  spherical  vesicle,  consisting  of"a  membrane  containing  what 
IS  called    achromatm,   because  it  is  not  readily  stained  by  staining  reagents.    Flemmin<r  has 
also  called  it  miclear  fluid,  or  intermediate  substance.    The  achromatin  substance  is  permeated 
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liy  a  delicate  reticular  network,  or  plexus  of  fibrils,  which  has  been  called  "chromatin," 
"nucleoplasm,"  "karyoplasma,"  and  "  karyomiton. "  The  network  stains  readilywith  pigments, 
hence  the  name  "chromatin"  given  to  it  by  Flomming.  The  nodal  points  of  the  network 
give  a  dotted  or  granular  appearance  to  the  nucleus,  especially  when  it  is  examined  with  a  low 
power.  The  nuclear  membrane  also  consists  of  chromatin  (fig.  624).  In  the  meshes  of  the  net- 
work lie  nucleoli,  which  seem  to  dill'er  in  constitution,  and  perhaps  in  function.  According  to 
Flemming,  there  are  i)rincipal  and  accessory  nucleoli  in  soine  nuclei.  In  Carnoy's  nomenclature 
the  several  parts  are  spoken  of  as  a  fine  reticulum  of  fibrils,  enclosing  in  its  meshes  a  fluid — the 
cnchylema — which  contains  various  particles  in  suspension.] 

[Direct  Oeil-Division. — A  cell  may  divide  directly,  as  it  were,  by  simple  cleavage,  and  in 
the  process  the  nucleus  usually  divides  before  the  cell  protoplasm.  The  nucleus  becomes  con- 
sti'icted  in  the  centre,  has  an  hour-glass  shape,  and  soon  divides  into  two.] 
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Fig.  625. 

Mitosis.  A,  nuclear  reticulum,  resting  state  ;  B,  preparing  for  division  ;  C,  wreath  stage  ;  D, 
monaster  stage  ;  E,  barrel  stage  ;  F,  diaster  stage  ;  G,  daughter  wreath  stage;  H,  daughter 
cells,  passing  to  resting  stage. 
[Indirect  Cell-Division. — Recent  observations,  confirmed  by  a  great  number  of  investi- 
gators, conclusively  prove  that  the  process  of  division  in  cells  is  a  very  complicated  one,  the 
changes  in  the  nucleus  being  very  remarkable.  The  terms  karyokinesis,  mitosis,  or  indirect 
division  have  been  applied  to  this  process.  Figs.  623,  625  show  the  changes  that  take  place  in 
the  nucleus.  The  chromatin  or  intranuclear  network  (a,  B)  passes  into  a  convolution  of 
fibrils,  while  the  nuclear  envelope  becomes  less  distinct,  the  fibrils  at  the  same  time  becoming 
thicker  and  forming  loops,  which  gradually  arrange  themselves  around  a  centre  (c  and  d)  in  the 
form  of  a  wreath,  rosette,  or  spirem  (C).  The  fibres  curve  round  both  at  the  periphery  and  the 
centre  and  form  loops ;  but  when  their  peripheral  connections  are  severed  or  dissolved,  we 
obtain  a  star-shaped  form  or  aster  (D),  composed  of  single  loops  radiating  from  the  centre  (c). 
The  loops  divide  in  the  direction  of  their  length ;  their  number  is  doubled,  but  they  are 
thinner.  By  this  further  subdivision,  the  whole  is  composed  of  fine  radiating  fibrils  (/),  which 
gi-adually  arrange  themselves  around  two  poles,  or  new  centres,  to  form  the  barrel-form  or 
pithode  (E) ;  the  two  groups  of  loops  then  separate  still  further,  and  arrange  themselves  so  as 
to  form  a  diaster,  or  double  star  (gr),  the  two  groups  being  separated  by  a  substance  called  the 
equatorial  plate.  Each  of  the  gi-oups  of  fibrils  becomes  more  elongated,  and  forms  a  nuclear 
spindle,  which  indicates  the  position  of  a  new  nucleus.  The  protoplasm  separates  into  two 
parts.  In  each  of  these  parts  the  chromatin  rearranges  itself  into  an  irregular  coil,  and  the  whole 
is  called  dispirem  (G),  and  when  division  is  complete,  the  chromatin  filaments  assume  the  form 
seen  in  a  resting  nucleus.  This  whole  complex  process  may  be  accomplished  in  1  to  4  hours. 
The  separate  groups  of  fibrils  again  become  convoluted,  each  group  gets  a  nuclear  membrane, 
while  the  cell  protoplasm  divides,  and  two  daughter  nuclei  are  obtained  from  the  ongmal  cell.  J 
The  following  scheme  represents  some  of  the  more  important  changes: — 


Mother  nucleus. 

1.  Network.  . 

2.  Convolution. 

3.  Wreath  or  Spirem. 

4.  Aster. 


5. 


Daughter  nuclei. 
Network. 
Convolution. 
Dispirem. 
Diaster. 


Equatorial  grouping  of  chromatin, 
in  Budding  or  gemmation  occurs  in  a  well-marked  form  among  the  polyps  and  in  some 
infusorians  (Vorticella).  A  bud  is  given  off  by  the  parent,  and  gradually  comes  more  and  more 
to  resemble  the  latter.  The  bud  either  remains  permanently  attached  to  the  parent,  so  that  a 
complex  organism  is  produced,  in  which  the  digestive  organs  communicate  with  each  other 
directly,  or  in  some  cases  there  may  be  a  "  colony  "  with  a  common  nervous  system,  such  as  uie 
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polyzoa.  In  some  composite  animals  (siphonophora)  the  different  polyps  perform  different 
functions.  Some  have  a  digestive,  others  a  motor,  and  a  third  a  generative  function,  so  that 
there  is  a  physiological  division  of  labour.  Buds  which  are  given  off  from  the  parent  are  formed 
internally  in  the  rhizopoda.  In  some  animals  (polyps,  infusoria),  which  can  reproduce  them- 
selves  by  buds  or  division,  there  is  also  the  formation  of  male  and  female  elements  of  generation, 
so  that  they  have  a  sexual  and  a  nou-sexual  mode  of  reproduction. 

IV.  Conjugation  is  a  form  of  reproduction  which  leads  up  to  the  sexual  form.  It  occurs  in 
the  unicellular  Gregarinoe.  The  anterior  end  of  one  such  organism  unites  with  the  posterior 
end  of  another  ;  both  become  encysted,  and  form  one  passive  spherical  body.  The  conjoined 
structures  form  an  amorphous  mass,  from  which  numerous  globular  bodies  are  formed,  and  in 
each  of  which  numerous  oblong  structures — the  pseudo-navicelli — are  developed.  These  bodies 
become,  or  give  rise  to  an  amoeboid  structure,  which  forms  a  nucleus  and  an  envelope,  and 
becomes  transformed  into  a  gregarina. 

Sexual  reproduction  requires  the  formation  of  the  embryo  from  the  conjunction  of  the  male 
and  female  reproductive  elements,  the  sperm-cell  and  the  germ-cell.  These  products  may  be 
formed  either  in  one  individual  (hermaphroditism,  as  in  the  flat  worms  and  gasteropods),  or  in 
two  separate  organisms  (male  or  female).  Sexual  reproduction  embraces  the  following 
Tarieties : — 

y.  Metamorphosis  is  that  form  of  sexual  reproduction  in  which  the  embryo  from  an  early 
period  undergoes  a  series  of  marked  changes  of  external  form,  e.g.,  the  chrysalis  stage,  and  the 
pupa  stage,  and  in  none  of  these  stages  is  reproduction  possible.    Lastly,  the  final  sexually 
developed  form  (the  imago  stage  in  butterflies)  is  pro- 
duced, which  forms  the  sexual  products  whose  union 
gives  rise  to  organisms  which  repeat  the  same  cycle 
of    changes.      Metamorphosis    occurs  extensively 
amongst  the  insects ;  some  of  them  have  several 
stages  (holo-metabolic),  and  others  have  few  stages 
(hemi-metabolic).    It  also  occurs  in  some  arthropoda, 
and  worms,  e.g.,  trichina;  the  sexual  form  of  the 

animal  occurs  in  the  in- 
testine, the  numerous 
larvce  wander  into  the 
muscles,  where  they  be- 
come encysted,  and  form 
undeveloped  sexual  or- 
gans, constituting  the 
pupa  stage  of  the  muscu- 
lar trichina.  When  the 
encysted  form  is  eaten  by 
anotheranimal,  thesexual 
organs  come  into  activity, 
a  new  brood  is  formed, 
and  the  cycle  is  re- 
peated. Metamorphosis 
also  occurs  in  the  frog 
and  in  petromyzon. . 
[This  is  really  a  condition 
in  which  the  embryo  un- 
dergoes marked  changes 
of  form  before  it  becomes 
sexually  mature.] 

VI.  Alternation  of  Generations  {Stee7istri<,p).-ln  this  variety  some  of  the  members  of  the 
cycle  can  produce  new  beings  nou-sexually,  while  in  the  final  stage  reproduction  is  always  sexual, 
irom  a  medical  point  of  view,  the  life-history  of  the  tape-worm  or  Tania  is  most  important. 

tape-worm  are  called  proglottides  (fig.  631),  and  each  segment  is  herma- 
?i  ,  If  r'  ^""^  deferens,  penis,  ovary,  &c.,  and  numerous  ova.    The  segments  are 

k  rvpllpT  f"^*^^^''*^  «^^ed  (fig.  626),  and  from  them 

..i^I?        r  /"'P*!'=^l  provided  with  six  hooklets,  which  is  swallowed  by  another 

Sri'n  rt    1  embryos  bore  their  way  into  the  tissues  of  the  host,  where  they 

coccuWfir  fi^r'^^T't,  '""'y^*'*^         (Cysticercus  (fig.  627),  Coenurus,  or  Echino- 

sessne  hS.  nf  ;>,a  t  .encysted  capsule  may  contain  one  (cysticercus)  or  many  (coenurus) 
^ten  alive  bv  nLSf  /'^  "^^er  to  undergo  further  development,  the  cysticercus  must  be 

tf  the  intestine  of^H  T™?'  *aoo^'*1"'  '-""J"^  ^^^^  '^'^^^      ^he  hooklets  and  suckers 

SemLtfret  vepn  til\^^^  ^f)'  ''^T  *°  ^""'^  '-^"^  P^°duce  a  series  of  new 

tTc  mo5VZnrf«nf  fl  f  ^""^       ^^'*-f°""?d  '^Sr^eut,  and  thus  the  cycle  is  repeated. 
628)  in  the       wtn  f  rC;-T«nia  solium,  in  man  ;  the  Cysticercus  cellulosaj  (fig. 

0^8;,  m  the  pig,  when  it  constitutes  the  vicasle  in  pork  ;  Trenia  mediocanellata  (fig  631)  tlTe 


Fig.  626. 

A  ripe  egg  taken  from  the 
uterus  of  Tfenia  solium. 

a,  Albuminous  envelope; 

b,  remains  of  the  yelk  ; 

c,  covering  of  the  embryo; 

d,  embryo  with  em- 
bryonal hooklets. 


Fig.  627. 

Encapsuled  cysticercus  from  Taenia 
solium  embedded  in  a  human 
sartorius.    Natural  size. 
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encysted  stage,  in  the  ox  ;  Tasnia  coenurus,  in  the  dog's  intestine ;  the  encysted  stage,  or 
Coonunis  corobnili.s,  in  the  brain  of  tlie  sheeii,  wliero  it  gives  rise  to  the  condition  of 
"  staggers  ";  Taenia  echinococcuB,  in  tlie  dog's  intestine  ;  the  embryos  or  scolices  occur  in  the 
liver  of  man  as  "  hydatids." 

The  medusas  also  cxliibit  alternation  of  generations,  and  so  do  some  insects,  especially  the 
plant  lice  or  aphides. 

VII.  Parthenogenesis  {Given,  v.  Siehold). — In  this  variety,  in  addition  to  sexual  reproduction, 
now  individuals  may  be  jiroduced  without  sexual  union.  The  non-sexually  produced  brood  is 
always  of  one  sex,  as  in  the  bees.  A  bee- 
liive  contains  a  queen,  the  workers,  and  the 
drones  or  males.  During  the  nuptial  flight, 
the  queen  is  impregnated  by  the  males,  and 
the  seminal  fluid  is  stored  up  in  the  re- 
ceptaculum  seminis  of  the  queen,  and  it 


.a 


Fig.  628.  Fig.  629.  Fig.  630. 

Fig.  628. — Cysticerci  from  Tasnia  solium  removed  from  their  capsule.  1,  natural  size  ;  2, 
magnified.  a,  embryo-sac  ;  h,  cavity  produced  by  budding  of  the  embryo-sac  ;  c, 
suctorial  discs  and  booklets.  Fig.  629. — Cysticercus  of  Tsenia  solium,  with  its  head  and 
segments  protruded,  a,  caudal-sac  ;  b,  head  of  the  tape-worm,  with  discs  and  booklets 
(scolex)  ;  c,  neck.  Fig.  630. — Part  of  an  Ecliinococcus  capsule,  with  developing  buds. 
a,  sheath  ;  h,  parenchymatous  layer  ;  c,  gerndnating  capsule  filled  mth  scolices. 
appears  that  the  queen  may  voluntarily  permit  the  contact  of  this  fluid  with  the  ova  or  with- 
hold it.    All  fertilised  eggs  give  rise  to  female,  and  all  unfertilised  ones  to  male  bees. 

Vni.  Sexual  reproduction  without  any  intermediate  stages  occurs  in,  besides  man,  mammals, 
birds,  reptiles,  and  most  fishes. 

432.  TESTIS — SEMINAL  FLUID. — [Testis. — In  the  testis  or  male  reproductive  organ, 
the  seminal  fluid  which  contains  the  male  element  or  spermatozoa  is  formed.  The  framework 
of  the  gland  consists  of  a  thick  strong  white  fibrous  covering,  the  tunica  albuginea,  composed 
chiefly  of  white  interlacing  fibrous  tissue.    Externally,  this  layer  is  covered  by  the  visceral 


^^^^     .rmmcmn 
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Fig.  631. — Tsenia  mediocanellata.  Natural  size, 
layer  of  the  serous  membrane,  or  the  tunica  vaginalis,  which  invests  the  testis  and  epididymis. 
The  tunica  albuginea  is  prolonged  for  some  distance  as  a  vertical  septum  into  the  posterior 
part  of  the  testis,  to  form  the  mediastinum  testis  or  corpus  Highmori.  Septa  or  trabeculaj— 
more  or  less  complete— stretch  from  the  under  surface  of  the  T.  albuginea  towards  the  medias- 
tinum, so  that  the  organ  is  subdivided  thereby  into  a  number  of  compartments  or  lobules, 
with  their  bases  directed  outwards  and  their  apices  towards  the  mediastinum,  irom  these, 
finer  sustentacular  fibres  pass  into  the  compartments  to  support  the  structures  lying  in  tnese 
compartments.] 


STEUCTUEE  OF  A  SEMINAL  TUBULE. 
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[Arrangement  of  Tubtiles. — Each  compartment  contains  several  seminal  tubules,  long 
convoluted  tubules  (-1-5^^  in.  in  diam.)  which  rarely  branch  except  at  their  outer  end;  they  are 
about  2  feet  in  length  and  exceed  800  in  number.  These  tubules  run  towards  the  mediastinum, 
those  in  one  compartment  uniting  at  an  acute  angle  with  each  other,  to  form  a  smaller  number 
of  narrower  straight  tubules— tubuli  recti  (fig.  632).  These  straight  tubules  open  into  a  net- 
work of  tubules  in  the  mediastinum  to  form  the  rete  testis,  a  "dense  network  of  tubules  of 
irregular  diameter  (fig.  632).  From  this  network  there  proceed  12  to  15  wider  ducts, — the 
vasa  efferentia— wliich  after  emerging  from  the  testis  are  at  iirst  straight,  but  soon  become 
convoluted — and  form  a  series  of  coni- 


cal eminences — the  coni  vasculosi — 
which  together  form  the  head  of  the 
epididymis.  These  tubes  gradually 
unite  with  each  other  and  form  the 
body  and  globus  minor  of  the  epi- 
didymis, wliich,  when  unravelled,  is 
a  tube  about  20  feet  long  terminat- 
ing in  the  vas  deferens  (2  feet  long), 
which  is  the  excretory  duct  of  the 
testis.  ] 

[Structure  of  a  Tubule.  —  The 
seminal  tubxiles  consist  of  a  thick 
well-marked  basement  membrane, 
composed  of  flattened  nucleated  cells 
arranged  like  membranes  (fig.  637). 
These  tubes  are  lined  by  several 
layers  of  more  or  less  cubical  cells  ; 
there  is  an  outer  row  of  such  cells 
next  the  basement  membrane,  and 
often  showing  a  dividing  large 
nucleus.  Internal  to  these  are 
several  layers  of  inner  large  clear 
cells,  with  nuclei  often  dividing,  so 
that  they  form .  many  daughter  cells 
which  lie  internal  to  them  and  next 
the  lumen.  From  these  daughter 
cells  are  formed  the  spermatozoa, 
and  they  constitute  the  sperma- 
toblasts. These  several  layers  of 
cells  leave  a  distinct  lumen.  The 
tubuli  recti  are  narrow  in  diameter, 
and  lined  by  a  single  layer  of 
squamous  or  flattened  epithelium 
(fig.  633).  The  rete  testis  consists 
merely  of  channels  in  the  fibrous 
stroma  without  a  distinct  membrana 
propria,  but  lined  by  flattened  epi- 
thelium. The  vasa  efferentia  and 
coni  vasculosi  have  circular  smooth 
muscular  fibres  in  their  walls,  and 
are  lined  by  a  layer  of  columnar 
ciliated  epithelium  with  striated  pro- 
toplasm. At  the  bases  of  these  cells 
in  some  parts  is  a  layer  of  smaller 
granular  cells.  These  tubules  form 
the  epididymis,  whose  tubules  have 
the  same  structure  (fig.  634).    In  the 


T.  albuginea. 


Blood- 
vessels, 


Sti'aight 
tubules. 


Rete 
testis. 


Fig.  632. 

Transverse  section  of  the  testis  (low- 
power  view). 


sheep,  pigment  cells  are  often  found 
in  the  basement  membrane.    The  vas 

f^lZ'^'^J^  ^"'^"^  ^X^"'^'^  ^^y^'^^  °f  columnar  epithelium  resting  on  a  dense  laver  of  fibrous 
tissue-the  mucosa.    Outside  this  is  the  muscular  coat  a  thicl?  liver  of  ,inn  =f,.;LJ  ] 

FT^e   nter««H«f  r  "^IIT  '  t^e  fibrous  adventTtia  ] 

bv  emlothefinl  i  n   t^««^f  (fif;  632),  supporting  the  seminal  tu;,ules,  is  laminated  and  coicred 

SmXtts    T^t  V'^^'i  ^^^''"9^       l^™'^!!'^.  which  form  the  origin  of  Ihe 

iympna,tiC8.    lliese  lymph-spaces  are  easily  in  ected  bv  the  inmctnre  methnrl     t.  f 
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also  fairly  largo  polylioclral  intei-stitial  cella,  often  with  a  large  nucleus  and  sometimes 
pigmented.  They  represent  the  residue  of  the  epithelial  cells  of  the  Wolflian  bodies  (Klein), 
or,  according  to  Waluoyer,  they  are  plasma  cells.  The  blood-vesselB  are  numerous,  and  form 
a  dense  plexus  outside  the  basement  membrane  of  the  semiual  tubules.] 


End  of 
—  coiivol- 
'!i  utod 
tube.  ' 


Narrow 
part. 


Ulood-vessel. 


Blood-vessel 

Interstitial 
connective- 
tissue. 


\\  Ciliated 

 cylindrical 

'  ,  i  epithelium. 


Rete 
testis. 


Fig.  633.  ^^g-  ^3*- 

Fig.  633.— Convoluted  seminal  tubule  opening  into  a  narrow  straight  tubule.    Fig.  634.— 
Transverse  section  of  the  tubules  of  the  epididymis. 

Chemical  Composition.— The  seminal  fluid,  as  discharged  from  the  urethra,  is 
mixed  with  the  secretion  of  the  glands  of  the  vas  deferens,  Cowper's  glands,  and 
those  of  the  prostate,  and  with  the  fluid  of  the  vesicute  seminales.  Its  reaction 
is  neutral  or  alkaline,  and  it  contains  82  per  cent,  of  water,  serum-albumin,  alkali- 
albuminate,  nuclein,  lecithin,  cholesterin,  fats  (protamin  1),  phosphorised  fat,  salts 
(2  per  cent.),  especially  phosphates  of  the  alkalies  and  earths,  together  with  sul- 
phates, carbonates,  and  chlorides.  The  odorous  body,  whose  nature  is  unknown, 
was  called  "  S23ermatin"  by  Vauquelin. 

Seminal  Fluid.— The  sticky,  whitish -yellow  seminal  fluid,  largely  composed  of  a  inixture  of 
the  secretions  of  the  above-named  glands,  when  exposed  to  the  air,  becomes  more  fluid,  and  on 
addino'  water  it  becomes  gelatinous,  and  from  it  separate  whitish  transparent  flakes,  \\hen 
long  exposed,  it  forms  rhomboidal  crystals,  which,  according  to  Schreiner,  consist  of  phosphatic 
salts  with  an  organic  base  (C^HsN).  These  crystals  (fig.  635)  are  said  to  be  derived  from  the 
prostatic  fluid,  and  are  identical  with  the  so-called  Charcot's  crystals  (fig.  149,  and  §  138) 
The  prostatic  fluid  is  thin,  milky,  amphoteric,  or  of  slightly  acid  reaction,  and  is  possessed  of 
the  seminal  odour.  The  phosphoric  acid  necessary  for  the  formation  of  the  crystals  is  obtained 
from  the  seminal  fluid.  A  somewhat  simUar  odour  occurs  in  the  albumin  of  eggs  not  quite 
fresh.  The  non-poisonous  ptomain,  cadaveriu  (pentamethyldiamin  of  Ladmhurg),  isolated  by 
Brieger  from  dead  bodies,  has  a  similar  odour.  The  secretion  of  the  vesiculte  semmales  of  the 
guinea-pig  contains  much  fibrinogen  (p.  376). 

The  spermatozoa  are  50  fj.  long,  and  consist  of  a  flattened  pear-shaped  head 
(fig  636  1  and  2,  k),  which  is  followed  by  a  rod-shaped  middle  piece,  hi 
(Schiueigger-Seickl),  and  a  long  tail-like  prolongation  or  cilium,  /.  The  sperma- 
tozoon is  propelled  forwards  by  the  to-and-fro  movements  of  the  tail  at  the  rate 
of  0-05  to  0-5  mm.  per  second;  the  movement  is  most  rapid  immediately  alter 
the  fluid  is  shed,  but  it  gradually  becomes  feebler. 

Finer  Structure. -The  observations  of  Jensen  have  shown  that  the  middle  F^ce  and 
head  are  still  more  complex,  although  this  is  not  the  case  in  human  spermatozoa  and  those 
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Fig.  635. 
Crystals  from  spermatic  fluid. 


of  the  bull  {G.  Retzius).  These  consist  of  a  flattened,  long,  narrow,  transparent,  proto- 
plasmic mass,  with  a  fibre  composed  of  many  delicate  threads  in  both  margins.  At  the  tip 
of  the  tail  both  fibres  unito  into  one.  The  fibre  of  the  one  margin  is  generally  straight 
the  other  is  thrown  into  wave-like  folds,  or 
winds  in  a  spiral  manner  round  the  other 
{IF.  Krame,  Gibbes).  G.  Retzius  describes  a 
special  terminal  filament  (fig.  636,  c).  An 
axial  thread  surrounded  by  an  envelope  of 
protoplasm,  traverses  the  middle  piece  and 
the  tail  {Ewier,  v.  Braun).  [Leydig  showed 
that  in  the  salamander  there  is  a  delicate  mem- 
brane attached  to  the  tail,  and  Gibbes  has 
described  a  spiral  thread  attached  to  the  head 
(newt)  and  connected  with  the  middle  piece 
by  a  hyaliue  membrane.] 

Motion  of  the  Spermatozoa. — [After  the 
discharge  of  the  seminal  fluid,  the  spermatozoa 
exhibit  spontaneous  movements  for  many 
hours  or  days.]  The  movements  are  due  to 
the  lashing  movements  of  the  tail,  which 
moves  in  a  circle  or  rotates  on  its  long  axis, 
the  impulse  to  movement  proceeding  from 
the  protoplasm  of  the  middle  piece  and  the 
tail,  which  seem  to  be  capable  of  moving  when 
they  are  detached  (Eimer).  These  move- 
ments are  comparable  to  those  that  occur  in 
cilia  (§  292),  and  there  are  transition  forms 

between  ciliary  and  amceboid  movements,  as  in  the  Monera.  Reagents.— Within  the  testis 
they  do  not  exhibit  movement,  as  the  fluid  is  not  sufliciently  dilute  to  permit  them  to  move 
Their  movements  are  specially  lively  in  the  normal  secretion  of  the  female  sexual  organs 
{Bischoff)   and  they  move  pretty  freely,  and  for  a  long  time,  in  all  normal  animal  secretions 
except  saliva.    Their  movements  are  paralysed  by  water,  alcohol,  ether,  chloroform,  creosote 
gum,  dextrin,  vegetable  mucin,  syrup  of  grape-sugar,  or  very  alkaline  or  acid  uterine  or  vaginal 
mucus  [Bonnd),  acids  and  metallic  salts,  and  a  too  high  or  too  low  temperature.    The  narcotics 
as  long  as  they  are  chemically  indifl-erent,  behave  as  indifi-erent  fluids,  and  so  do  medium  solu- 
tions of  urea,  sugar  albumin  common  salt,  glycerin,  amygdalin,  &c. ;  but  if  these  be  too  dUute 
or  too  concentrated  they  alter  the  amount  of  water  in  the  spermatozoa  and  paralyse  them 
/  ^^y^**  set  aside  by  dilute  alkalies  {Virclww),  as  with  cilia 

(p.  452).    Engelmann  finds  that  minute  traces  of  acids,  alcohol,  and  ether  excite  movements 
Ihe  spermatozoa  ot  the  frog  may  be  frozen  four  times  in  succession  without  killing  them.  They 

IZLy^oilS^l,^;.:^:'  ^'''^    ""'^     '^y^     p^-^-^  -   ^^^^--i  -ity  o^- 

Resistance.— Owing  to  the  large  amounts  of  earthy  salts  which  they  contain,  when  dried 
hf^itf '"'"f  K^"'^^  ft'      y        '^^^''^  ( Valentin).    Their  form  is  not  destroyed 

NlcTardsa'ltSwiJ^'^^^^^  "'^^^  ^^^'^^^  alkalies;  solutions\f 

hiti«  .P^ifw  ^1   ^     *°  v^,  P,f  ''^'^"g^  t'^^™  into  amorphous  masses.    Their  organic 

basis  resembles  the  semi-solid  albumin  of  epithelium.  "'o""'^ 

Seminal  fluid,  besides  spermatozoa,  also  contains  seminal  cells,  a  few  epithelial  cells  from  the 

ZnZ  J^T'  ""^""T'  T''''^'''  '''''^'^  bodies  ^inconstan  )  gmnula 

yeUow  pigment,  especially  in  old  age,  leucocytes,  and  sperma  crystals  (FUrbinger). 

Development  Of  Spermatozoa.-The  walls  of  the  seminal  tubules,  n,  which  are 
made  up  of  spindle-shapecl  cells,  are  lined  by  a  nucleated,  protoplasmic  layer  (fia. 
(n-nA  '  ^  ,  '  .  from  which  there  project  into  the  lumen  of  the  tube  lon^ 
tLt  frp  ""'^  column-like  prolongations  (I,  c,  and  II,  III,  IV),  which  break  up  at 
their  free  end  mto  several  round  or  oval  lobules  (Il.)-the  spermatoblasts 
t/tZ^ '  ^^^'^J^^.'^'l'^  «f  soft  finely  granular  protoplasm,  and  usually  have  an 
ZnhW   ?  Pf*;    ^"^^^g  development,  each  lobule  of  the  sper- 

S  S  a^lreat?v  Pnl  T  ^P^™^^«^«°^  (^^'  At  this  stage  the  spermatoblast 
s  comnlefp  tS  1  ^  '"'1^^''  .^y^^^^dncal  epithelial  cell.    When  development 

remaiV^^  ?fl'  ^^^f  ,  P^^ce  are  detached  (III,  t),  and  ultimately  the 
anenZ  w.  «l  '  spermatoblast  undergoes  fatty  degeneration.    Not  infre- 

quently m  spermatozoa  we  may  observe  a  small  mass  of  protoplasm  adhering  to  the 
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tail  and  the  middle  piece  (III,  t).  Between  the  spermatoblasts  are  numerous  round 
amoeboid  cells  devoid  of  an  envelope,  and  connected  to  each  other  by  processes. 


Fig.  636. 

Spermatozoa.    1,  human  ( x  600),  the  head  seen  from  the  side  ;  2,  on  edge  ;  k,  head  ;  middle 
viece  ■  f,  tail ;  e,  terminal  filament ;  3,  from  the  mouse  ;  4,  bothriocephaliis  latus  ;  o 
deer  ;'6,  mole  ;  7,  green  woodpecker  ;  8,  black  swan  ;  9,  from  a  cross  between  a  goldtinch 
(M)  and  a  canary  (F) ;  10,  from  cobitis. 
They  seem  to  secrete  the  fluid  part  of  the  semen,  and  they  may  therefore  be  called 
seminal  ceUs  (I,  s,  II,  III,  IV,  ?^).    A  spermatozoon,  therefore,  is  a  detached 


JV 


JC 


Fig.  637. 

Semi-diagrammatic  spermatogenesis  :  I,  transverse  s<^«ti°"  pf  ^^^^j^^^^.^t^SZ^^^^ 

protoplasmic  inner  lining  ;  c,  spermatoblast ;  s  seminal  ^'^jl^ ,        H""  ^P^i;"^^^^^^^^^ 
— /•  rounded  clavatc  lobules-;      seminal  cells.    IV,  spermatoblast,  vit h  upe  sFimatozo 
(fc)  not  yS  detached  ;  tail,  r ;      wall  of  the  seminal  tubule ;  A,  its  protoplasmic  layei.  HI. 
spermatoblast  with  a  spermatozoon  free,  t. 

independently  mobile  cilium  of  an  enlarged  epithelial  cell.    Some  observers  adhere 
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to  the  view  that  the  spermatozoa  are,  in  part  at  least,  formed  within  round  cells, 
by  a  process  of  endogenous  development. 

According  to  Benda  and  v.  Ebnor,  tlie  spermatoblasts  are  formed  by  the  coalescence  (copula- 
tion) of  a  gronp  of  seminal  cells  with  the  lower  part  of  the  foot-plnte  and  stalk  of  the  spermato- 
blasts. Each  seminal  coll  forms  from 
its  nucleus  the  head,  and  from  its  pro- 
toplasm tlie  tail  of  a  sjiermatozoon. 
For  the  complete  formation  of  these 
parts,  there  must  be  a  coalescence  of 
the  seminal  cells  with  the  spermato- 
blasts. 

Shape. — The  spermatozoa  of  most 
animals  are  like  cilia  with  larger  or 
smaller  heads.  The  head  is  elliptical 
(mammals),  or  pear-shaped  (mammals), 
or  cylindrical  (birds,  amphibians,  fish), 
or  cork-screw  (singing  birds,  paludina), 
or  merely  like  hairs  (insects — fig.  636). 
Immobile  seminal  cells,  quite  different 
from  the  ordinary  forms,  occur  in 
myriapoda  and  the  oyster. 

433.    THE    OVAEY  — OVUM—  rf:„  .00 

UTERUS.— [Structure  of  the  Ovary    o  ^,  ^'  Vn,  1 

-The  ovary  consists  of  a  connective-  °^     Ti*  '  °^n^\v  ^,^1?^^'^^  °^  attachment 

tissue  framework,  with  blood-vessels,     °'  ^  '^°^T'^^  I'^t^'^™- 

nerves,  lymphatics,  and  numerous  non-striped  muscular  fibres.  The  ova  are  embedded  in  this 
matrix  (fig  638).    The  surface  of  the  ovary  is  covered  with  a  layer  of  columnar  epithelium 

(ng.  639,  e),  the  remams  of  the   

germ-epithelium.  The  most 
superficial  layer  is  called  the 
albuginea ;  it  does  not  contain 
any  ova.  Below  it  is  the  corti- 
cal layer  of  Schron,  which 
contains  the  smallest  Graafian 
follicles  (xlij  inch  —fig.  638), 
while  deeper  down  are  the 
larger  follicles  {-^\  to  inch). 
There  are  40,000  to  70,000 
follicles  in  the  ovary  of  a  female 
infant.  Each  ovum  lies  within 
its  follicle  or  Graafian  vesicle.] 

Structure  of  an  Ovum.  

The  human  ovum  (C.  E.  v. 
Baer,  1827)  is  OlS  to  0-2  mm! 
[ttb-  in.]  in  diameter,  and  is 
a  spherical  cellular  body  with 
a  thick,  solid,  elastic  envelope, 
the  zona  pellucida,  with 
radiating  striai  (fig.  640).  The 
zona  pellucida  encloses  the 
cell-contents  represented  by 
the  protoplasmic,  granular, 
contractile  vitellus  or  yelk 
which  in  turn  contains  the 
eccentrically  placed  spherical 
nucleus  or  germinal  vesicle 
(40-50  ^^  —Purkinje,  1825  ;  Coste,  1834). 
or  germinal  spot  (5-7  ^  ~R.  Wagner,  1835) 

[Ovum. 


Fig.  639. 

Section  of  an  ovary,  e,  germ-epithelium;  1,  large  sized  folUcles: 
2,  2,  middle  sized  and  3,  3,  smaller  sized  follicles;  0,  ovum 
Within  a  Graafian  follicle  ;  v,  v,  blood-vessels  of  the  stroma  : 
g,  cells  of  the  membrana  granulosa. 

The  germinal  vesicle  contains  the  nucleolus 


The  chemical  composition  is  given  in  §  232. 
Zona  pellucida  corresponds  to  the  Cell-wall. 

\T  1      Tin-.  ... 


Vitellus 

Germinal  vesicle 

rTl.;=o  .  ,     Germinal  spot        „  i.ucieoms.j 

oviL'™S?t'^^^^^^^^^^  1-^-*^  -  -        and  the  ovum,  and  in  fact  the 

3  H 


(3ell-contents, 
Nucleus. 
Nucleolus.] 
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The  zona  pellucida  ((ij,'s.  640,  641,  V,  Z),  to  which  cells  the  Graalian  follicles  are  often  ad- 
herent, is  a  cuticular  nionibrane  formed  secondarily  by  the  follicle  {Pflwjer).  According  to  Van 
Boneden,  it  is  lined  by  a  thin  membrane  next  the  vitellus,  and  he  regards  the  thin  membrane 
as  the  original  coll- membrane  of  the  ovum.    The  fine  radiating  striie  in  the  zona  are  said  to  be 

due  to  the  existence  of  nume- 


GerminiU 
^  spot. 


Yelk. 


Accessory 
nucleoli, 
also  /. 


Fig.  640. 


thelium  " — and 
(fig.  641,  I,  a, 


Colls  of  discus  proUgeruB. 

rous  canals  (Kidhker,  v. 
Sehlen).  It  is  still  undecided 
whether  there  is  a  special 
micropi/le  or  hole  for  the 
entrance  of  the  spermatoza. 

A  micropyle  has  been 
observed  in  some  ova  (holo- 
thurians,  many  fishes,  nms- 
sels).  The  ova  of  some 
animals  (many  insects,  e.g., 
the  flea)  have  porous  canals 
in  some  part  of  their  zona, 
and  these  serve  both  for  the 
Zona  entrance  of  the  spermatozoa 
pellucida.  ^j^g  respiratory  ex- 

changes ia  the  ovum. 

The  development  of 
the  ova  takes  place  in  the 
following  manner: — The 
surface  of  the  ovary  is 
covered  with  a  layer  of 
cylindrical  epithelium — 
Ripe  ovum  of  rabbit.  the  so-called  "  gem-epi- 

between  these  cells  lie  somewhat  spherical  "primordial  ova" 
a).    The  epithelium  covering  the  surface  dips  into  the  ovary 
at  various  places  to  form  "  ovarian  tuhes  "  (fig.  683).    These  tubes,  from  and 
in  which  the  ova  are  developed  (Waldeyer),  become  deeper  and  deeper,  and  they 
contain,  in  their  interior,  large  single  spherical  cells  with  a  nucleus  and  a  nucleolus, 
and  other  smaller  and  more  numerous  cells  lining  the  tube.    The  large  cells  are 
the  cells  (primordial  ova)  that  are  to  develop  into  ova,  while  the  smaller  cells  are 
the  epithelium  of  the  tube,  and  are  direct  continuations  of  the  cylindrical  epithelium 
on  the  surface  of  the  ovary.    The  upper  extremities  of  the  tubes  become  closed, 
while  the  tube  itself  is  divided  into  a  number  of  rounded  compartments— snared 
off,  as  it  were,  by  the  ingrowth  of  the  ovarian  stroma  (I,  c).    Each  compartment 
so 'snared  off  usually  contains  one,  or  at  most  two,  ova  (IV,  o,  o),  and  becomes 
developed  into  a  Graafian  follicle.    The  embryonic  follicle  enlarges,  and  fluid 
appears  within  it ;  while  its  lateral  small  cells  become  changed  into  the  epithelium 
lining  the  Graafian  follicle  itself,  or  those  of  the  membrana  granulosa.    The  cells 
of  the  membrana  granulosa  form  an  elevation  at  one  part— the  discus  proligerus 
^by  which  the  ovum  is  attached  to  the  membrana  granulosa.    The  follicles  are  at 
first  only  0-03  mm.  in  diameter,  but  they  become  larger,  especially  at  puberty. 
[The  smaller  ova  are  near  the  surface  of  the  ovary,  the  larger  ones  deeper  in  its 
substance  (fig.  639).]    When  a  Graafian  follicle  with  its  ovum  is  about  to  ripen 
(IV)  it  sinks  or  passes  downwards  into  the  substance  of  the  ovary,  and  enlarges  at 
the  same  time  by  the  accumulation  of  fluid— the  liquor  folliculi— between  the 
tunica  and  membrana  granulosa.    It  is  covered  by  a  vascular  outer  membrane— 
the  theca  folliculi— which  is  lined  by  the  epithelium  constituting  the  membraua 
eranulosa  (IV,  q).    When  a  Graafian  foUicle  is  about  to  burst,  it  again  rises  to 
fhe  surface  of  the  ovary,  and  attains  a  diameter  of  I'O  to  I'S  mm.,  and  is  now  ready 
to  burst  and  discharge  its  ovum.    [The  tissue  between  the  enlarged  Graafian 
follicle  and  the  surface  of  the  ovary  gradually  becomes  thinner  and  thinner  and  less 
vascular,  and  at  last  gives  way,  when  the  ovum  is  discharged  and  caught  by  tue 
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fimbriated  extremity  of  the  Fallopian  tube  embracing  the  ovary,  so  that  the  ovum 
is  shed  into  the  Fallopian  tube  itself.]  Only  a  small  number  of  the  Graafian 
follicles  undergo  development  normally,  by  far  the  greatest  number  atrophy  and 
never  ripen.  (The  study  of  the  development  of  the  ova  and  ovary  was  advanced 
particularly  by  Martin  Barry,  Pfliiger,  Billroth,  Schron,  His,  Waldeyer,  KciUiker, 
Koster,  Lindgren,  Schulin,  Foulis,  Balfour,  and  others.) 

According  to  Waldeyer,  the  mammalian  ovum  is  not  a  simple  cell,  but  a  compound  structure 
The  original  prmiitive  ovum  is,  according  to  liim,  formed  only  of  the  germinal  vesicle  and 
germuial  spot,  with  the  surrounding  membranous  clear  part  of  the  vitellus  (fi"  641  III)  The 
remamder  of  the  viteUus  is  developed  by  the  transformation  of  granulosa  cells^  which  also  form 
the  zona  peUucida. 

Holoblastic  and  Meroblastic  Ova. -The  ova  of  frogs  and  cyclostomata  have  the  same  type  as 
mammalian  ova ;  they  are  called  holoblastic  ova,  because  all  their  contents  go  to  form  cells 
which  take  part  m  tlie  formation  of  the  embryo.  In  contrast  with  these,  the  birds,  the  mono- 
tremes  alone  amongst  the  mammals  {Caldwell),  the  reptiles  and  the  other  fishes  have  meroblastic 


Fig.  641. 

^'  ^l^J^^-'l  ^'^^  in  process  of  development  (new-born  girl),    a,  a,  young  ova  between  the 

b-ll'    TTT  Tnl  !a-  """^  endosmg  an  ovum.    II,  Open  ovarian  tube  from  a 

a^d  tbp  ;,!;,•;  1^''°?°!:'^'.^^  u-'T  (^^^^an).    IV,  cider  follicle  with  two  ova  (0,  0) 

Sna^e  lnnfdr''i°''-K,''^  '  ^'  ^^^^  °^  °f  ^  of  ^  rabbit 

—z  zona  pellucida  d,  vitellus  ;  e,  adherent  cells  of  the  membrana  granulosa  VI  First 
polar  globule  tormed.    VII,  Formation  of  the  second  polar  globule  ( Fo^  ' 

tTSf  She  SoliaS  ''^  ^^l^it^  or  formative  yelk,  which  corresponds  to 

fyelfow  if  Wrckf  S  T''  ^^'^  ™^biyonic  cells,  contains  the  food-yelk 

embryo.  °  development  is  a  reserve  store  of  food  for  tlie  developing 

ovltl^fic-^l^'ir^fn^^^^^^  ^P-k'       o}--trio^-,  blastoderm, 

velk  corresDonds  to  tbp  Pnr,ifr,Va     +  v    "  ^^'^S  "P°"       «"rface  of  the  yellow 

In  the  cStSa  lie  theZSl  '^"'^     therefore,  the  formativ J  yelk, 

in  tne  cicatncula  lie  the  germinal  vesicle  and  spot  (fig.  642).    From  the  tread  in  which  lie  the 
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characteristic  white  yelk  olomonts,  iiroccsscs  pass  into  the  yellow  yelk.  A  part  passes  as  an 
oxccediufly  thin  layer  roiiiul  the  yolk,  or  cortical  protoplasm.  [The  cicatricula  in  an  unincubated 
egg  is  afways  upi)erniost  whatever  the  position  of  the  egg,  provided  the  contents  can  rotate 
freely,  and  this  is  due  to  the  lighter  specific  gravity  of  that  part  of  the  yelk  in  connection  with 
the  cicatricula.  In  a  fecundated  egg  the  cicatricula  has  a  white  margin  (the  area  opaca),  sur- 
rounding a  clear  transparent  area,  the  beginning  of  the  area  peUucida,  containing  an  opac^ue 


Gerailnul 
vesicle 
iiiul  spot. 


Ulustoderm. 


--Its  processes. 


Marginal 
protoplasm. 


Fig.  642.  Fig-  643. 

Scheme  of  a  meroblastic  egg.  a,  White  ;  h,  yellow  yelk  granules. 

sT)ot  in  its  centre.  If  an  egg  be  boiled  very  hard  and  a  section  made  of  the  yelk,  it  ^rill  be  found 
to  consist  of  alternating  layers  of  white  and  yellow  yelk  The  outermost  layer  is  a  thin  a^^^ 
of  white  yelk,  which  is  slightly  thicker  at  the  margin  of  the  cicatricula.  Within  the  centie  of 
the  velkis  a  aask-shaped  mass  of  white  yelk,  the  neck  of  the  flask  being  connected  with  the 
white  velk  outside.  This  flask-shaped  mass  does  not  become  so  hard  on  being  boiled,  and  its 
ui^er Expanded  end  is  known  as  tl\e  "nucleus  of  Pander."  The  great  mass  o  the  yelk  ^ 
made  upf  however,  of  yellow  yelk.]  Microscopically,  the  yellow  yeUi  consists  of  soft  yello^^ 
snheres  of  from  23-100  <^  in  diameter,  and  they  are  often  polyhedral  from  mutual  pressure  (fag. 
643  6^ '  FThev  are  very  delicate  and  non-nucleated,  but  filled  with  fine  gi-anules,  which  are,  per- 
haps proteid  in  their  nature,  as  they  are  insoluble  in  ether  and  alcohol.  They  are  developed  by 
thrprSation  of  the  graAulosa  cells  of  the  Graafian  follicle,  which  also  seem  ultimately  to 
W  tt  ranX-fibrous  double  envelope  or  the  vitelline  membrane  {Eiv^.r)  The  whole  yelk 
of  the  hen's  egg  is  regarded  by  some  observers  as  equivalent  to  the  mammalian  ovum  pZzw  ttie 
01  me  lieu  a  c^g        b  cox^jiViB  luteum.     Microscopically,  the  white 

yelk  consists  of  small  vesicles  (5-75  f*)  con- 
taining a  refractive  substance  and  larger 
spheres  containing  several  smaller  spherules 
(fig.  643,  a).  The  whole  yelk  is  enveloped  by 
the  vitelline  membrane,  which  is  transparent, 
but  possesses  a  fine  fibrous  structure,  and  it 
seems  to  be  allied  to  elastic  tissue.] 

When  the  yelk  is  fully  developed  within  the 
'  Graafian  follicles  of  the  hen's  ovarium,  the 
follicle  bursts  and  discharges  the  yelk,  which 
passes  into  the  oviduct,  where  in  its  passage  it 
rotates,  owing  to  the  direction  of  the  folds  of 
the  mucous  membrane  of  the  oviduct.  The 
numerous  glands  of  the  oviduct  secrete  the 
albumin,  or  white  of  the  egg,  which  is  deposited 
in  layers  around  the  yelk  in  its  i^assage  along 
the  duct,  and  forms  at  the  anterior  and  posterior 
chalazae.    [The  chalazae  are  two  twisted  cords 
Fowl's  egg  after  thirty  hours  incubation,     a,  composed  of  twisted  layers  of  the  outer  denser 
'  "         ^  -  f  „  .,      „      ...     rpijgy  extend  from  the 

quite  to  the  outer  part  of 

ui   muuiuiu,        ...V.  "  ,       xue  aiuuiiim.j    L^.iv.  albumin  is  invested  by  the 

chalazae  ;  v,  yelk  ;  av,  area  opaca  ;  ao,  area  membrana  testacea,  or  shell-membrane,  which 
vasculosa,  and  in  its  centre  is  the  embryo.      jg  composed  of  two  layers— an  outer  thicker 

and  an  inner  thinner  one  (fig.  644).  Over  the  greater  part  of  the  '-^l^^^JV/,^'^^'?  ^^'^ /^h 
are  united,  but  at  the  broad  end  of  the  hen's  egg  they  tend  to  separate,  and  air  parsing  througu 


Fig.  644. 


owi  s  egg  alter  tnirty  nours  incuuiiLiuu.     ti,  composed  ot  twisted  la; 
shell ;   h,  shell-membrane  ;  h',  air-chamber;     j.^.  qJ-  ^^^^  albumin. 
c,  boundaiy  between  outer  and  middle  portion   ^^gg  ydk  not  c 

of  albumin;    d,  more  fluid  albumin;    «.  the  albumin.]    [The  al 
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the  poroiis  shell  separates  tliem  more  and  more  as  tlie  fluid  of  tlie  egg  evaporates.  This  air- 
space is  not  found  in  fresh-laid  eggs.]  The  layers  consist  of  spontaneously  coagulated  keratin- 
like  fibres  arran"-od  in  a  spiral  manner  around  the  albumin  {Lindvall  and  Hamarstcn).  [Ex- 
ternal to  this  is^'the  teat,  or  shell,  which  consists  of  an  organic  matrix  impregnated  with  lime 
salts.]  The  shell  consists  of  albumin  impregnated  with  lime  salts,  which  form  a  very  porous 
mortar.  [The  shell  is  porous,  and  its  inner  layer  is  perforated  by  vertical  canals,  through 
which  the  respiratory  exchange  of  the  gases  can  take  place.]  In  the  eggs  of  some  birds 
there  is  an  outer  structureless,  porous,  slimy,  or  fatty  cuticula.  The  shell  is  secreted  in  the 
lower  part  of  the  oviduct.  The  shell  is  partly  used  up  for  the  development  of  the  bones  of 
the  chick  {Prout,  Gruwe,  although  this  is  denied  by  Foil  and  Freycr).  The  pigment  which 
often  occurs  in  many  layers  of  the  surface  of  the  eggs  of  some  birds  appears  to  be  a  derivative  of 
hajniogloblin  and  biliverdin. 

Chemical  Composition. — The  yellow  yelk  is  alkaline,  and  coloured  yellow  owing  to  the  pre- 
sence of  lutein,  which  contains  iron.  It  contains  several  proteids  [including  a  globulin  body 
called  vitellin  (p.  376)],  a  body  resembling  nuclein,  lecithin,  vitellin,  glycerin-phosphoric  acid, 
cholesterin,  olein,  palmitin,  dextrose,  potassic  chloride,  iron,  earthy  phosphates,  fluoric  and 
silicic  acids.  The  presence  of  cerebrin,  glycogen,  and  starch  is  uncertain.  [Dareste  states  that 
starch  is  present.] 

[The  albumin  of  egg  contains —water,  86  per  cent.;  proteids,  12;  fat  and  extractives,  1'5; 
saline  matter,  including  sodic  and  potassic  chlorides,  phosphates,  and  sulphates,  "5  per  cent.] 

[The  uterus,  a  thick  hollow  muscular  organ,  is  covered  externally  by  a  serous  coat,  and 
lined  internally  by  a  mucous  membrane, 
while  between  the  two  is  the  thick  mus- 
cular coat  composed  of  smooth  muscular 
fibres  arranged  in  a  great  number  of  layers 
and  in  different  directions.  The  mucous 
membrane  of  the  body  of  the  uterus  in 
the  unimpregnated  condition  hasnofolds, 
while  the  muscularis  mucosee  is  very  well 
developed,  and  forms  a  gi'eat  part  of 
uterine  muscular  wall.  The  mucous 
membrane  is  lined  by  a  single  layer  of 
columnar  ciliated  epithelium.  A  vertical 
section  shows  the  mucous  membrane  to 
contain  numerous  tubular  glands  (fig. 
645) — the  uterine  glands — which  branch 
towards  their  lower  ends.  They  have  a 
membrana  propria,  and  are  lined  by  a 
single  layer  of  ciliated  epithelium,  a 
small  lumen  being  left  in  the  centre. 
The  utricular  glands  are  not  formed  dur- 
ing intra-uterine  life  {Turner),  nor  are 
there  any  glands  in  the  human  uterus  at 
birth  {Gf.  J.  Ungelmann).  There  are 
numerous  slit-like  lymphatic  spaces  in 
the  mucous  membrane  {Leopold),  which 
communicate  with  well-markedlymphatic 
vessels  existing  in  this  and  the  other 
layers  of  the  organ.  In  the  cervix,  the 
mucous  membrane  is  folded,  presenting 
in  the  virgin  the  appearance  known  as 

the  arbor  vita.    The  external  surface  of  pio-  545 

bv%'[SSd^.m^»?n^?,%^S.r^  '"''rf'^  of      mucous  membrane  of  the  human 

theva'ina?  ''1''"°'°"'  epithelmm,  hke    ,,terus.        columnar  epithelium,  the  cilia  absent; 

[The""  FaUopian  tubes  are  really  the  '  f.  i^it^-gl^ndular  connective- 

ducts  of  the  ovaries  (fig.  646).     They  ^       blood-vessels  ;  mm,  muscularis  mucosae, 

consist  of  a  serous,  muscular  (an  external,  longitudinal,  and  an  internal  circular)  layer  of  non- 
striped  muscle,  and  a  mucous  layer  thrown  into  many  folds  and  lined  by  a  single  layer  of 
ciliated  columnar  epithelium,  but  no  glands  (fig.  647).  c  j 

434.  PUBEETY.— The  term  puberty  is  applied  to  the  period  at  which  a 
human  being  becomes  capable  of  procreating,  which  occurs  from  the  13th  to  15th 
years  in  the  female,  and  the  14th  to  16th  in  the  male.  In  warm  climates,  puberty 
may  occur  in  girls  even  at  8  years  of  age.  Towards  the  40th  to  50th  year,  the 
procreative  faculty  ceases  in  the  female  with  the  cessation  of  the  menses ;  this  con- 
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stitutes  the  menopause  or  grand  climacteric,  whilst  in  man  the  formation  of 
seminal  fluid  has  been  observed  up  to  old  age.     From  the  period  of  puberty- 


Fig.  646. 

Left  broad  ligament,  Fallopian  tube,  ovary,  and  parovarium,    a,  uterus  ;  h,  isthmus  of  Fallopian 
tube  ;  c,  ampulla  ;  g,  fimbriated  end  of  the  tube,  with  the  parovarium  to  its  right ;  e, 
ovary  ;  /,  ovarian  ligament, 
onwards,  the  sexual  appetite,  occurs,  and  the  ripe  ova  are  discharged  from  the 
ovary.    [But  ova  are  discharged  even  before  puberty  or  menstruation  has  occurred.] 

At  puberty,  the  internal 
and  external  generative 
organs  and  their  annexes 
become  more  vascular  and 
undergo  development;  the 
pelvis  of  the  female  as- 
sumes the  characteristic 
female  shape.  For  the 
Connective-  changes  in  the  mamm« 
see  §  230.  At  the  same 
time  hair  is  developed  on 
the  pubes  and  axilla,  and 
in  the  male  on  the  face, 
while  the  sebaceous  glands 
become  larger  and  more 
active. 

Other  changes  occur,  espe- 
cially in  the  larynx.  In  the 
boy  the  larynx  elongates  in 
its  antero-posterior  diameter. 


tissue. 

Ciliated 

epithelium. 

Circular 

muscular 

fibres. 


Muscular 
fibres  cut 
across. 


Fig.  647. 

Transverse  section  of  the  Fallopian  tube.    _  ^  _  _ 

the  thyroid,  or  Adam's  apple,  becomes  more  prominent,  while  the  vocal  cords  lengthen,  so  that 
the  voice  is  hoarse,  or  hus^,  or  "breaks,"  the  voice  being  lowered  at  least  an  o^^^J^;  ^^^^^ 
female  the  larvnx  becomes  longer,  while  the  compass  of  the  voice  is  increased.  Ihe  vital  capa- 
r  §  loVrcorresponding  to^he  increase  in  tf.e  si..e  of  the  chest,  ""^'''•g°^„^;, 'J.^^^^lJ^^^^^^^^ 
increase  ;  the  whole  form  and  expression  assume  the  characteristic  sexual  appearance,  while  the 
psychical  energies  also  receive  an  impulse. 

435  MENSTRUATION. —External  Signs.— At  regular  intervals  of  time, 
of  27A-28  days  in  a  mature  female,  there  is  a  rupture  of  o»e  or  more  ripe 
Graafian  follicles,  while  at  the  same  time  there  is  a  discharge  of  blood  from  tHe 
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external  "enitals  This  is  known  as  the  process  of  menstmaUon  (or  menses,  cata- 
meSa  or'Sods).  Most  women  menstruate  during  the  first  quarter  of  the  moon, 
Td  ody  a^f e  v  a  new  and  full  moon  {StroJd).  In  mammals  the  analogous  condition 
tlS  of  as  the  period  of  heat'Cor  the  "  rut "  in  deer].    There  is  a  slight  y  b  oody 


Sarl'eir  m^^^^^^^^  i"  carnivora,  the  mare  and  cow  iAHsi  tl^ 

wWle  apes  in  their  wild  condition  have  a  well-marked  menstrual  discharge  i^euber^- 
fobservations  on  cases  where  abdominal  section  has  been  performed  have  shown 
that  the  Graafian  follicles  mature  and  burst  at  any  time  {Lawson  Tait,  LeopoLd).\ 

The  onset  of  menstruation  is  usually  heralded  by  constitutional  ^^fj,  l°<=^f  .P^j^X'^l^^;:]^ 
thprP  is  an  increased  feeUn^-  of  congestion  m  the  internal  generative  organs,  pam  m  the  back 
and  iLs    ensLn  in  t^^^^^^^         of  the  uterus  and  ovaries,  which  are  sensitive  to  pressure 
and  loins,  tension  ^'^^J^^^^^^'^-fg^ii       f  heat  and  cold,  and  even  a  slight  increase  of  the  tem- 


perature of  the  skin;  {Kersch).    Thei^  may  be  retardation  of  tbe  process  ot' digestion  an^^^ 


fatigue  in  the  limbs, 

tionsinlS.~ti<i^Si^cr;^du^in;'^d  of  sweat/' The  discharge  is 

at  fi^t  and  then  becomes  Uoody,  lasting. three  to  four  days;  the  blood  is  venous,  and 

shows  little  tendency  to  coagulate,  provided  it  is   

mixed  with  much  alkaline  mucus  from  the  genital 
passages;  but,  if  the  hismorrhage  be  free,  the 
blood  may  be  clotted.  The  quantity  of  blood  is 
100  to  200  gi-ms.  [The  blood  contains  many 
white  blood-corpuscles  and  epithelial  cells.  ]  After 
cessation  of  the  discharge  of  blood  there  is  a 
moderate  amount  of  mucus  given  off. 

The  characteristic  internal  phenomena 
which  accompany  menstruation  are  : — (1) 
The  changes  in  the  uterine  mucous  mem- 
brane ;  and  (2)  the  rupture  of  the  Graafian 
follicle. 

1.  Changes  in  the  uterine  mucous  mem- 
brane.— The  uterine  mucous  membrane  is 
the  chief  source  of  the  blood.  The  ciliated 
epithelium  of  the  congested,  swollen,  and 
folded,  soft,  thick  (3  to  6  mm.)  mucous 
membrane  is  shed.  The  orifices  of  the 
numerous  mucous  glands  of  the  mucous 
membrane  are  distinct,  the  glands  enlarge, 
and  the  cells  undergo  fatty  degeneration, 
and  so  do  the  tissue  and  the  blood-vessels 
lying  between  the  glands.  The  tissue  con- 
tains more  leucocytes  than  normal.  This 
fatty  degeneration  and  the  excretion  of  the 
degenerated  tissue  occur,  however,  only  in 
the  superficial  layers  of  the  mucosa,  whose 
blood-vessels,  when  torn  across,  yield  the  blood.  The  deeper  layers  remain  intact, 
and  from  them,  after  menstruation  is  over,  the  new  mucous  membrane  is  developed 
{Kundrat  and  G.  J.  Engelmann).  [Leopold  denies  the  existence  of  this  fatty 
degeneration.  According  to  Williams,  the  entire  mucous  membrane  is  removed 
at  each  menstrual  period,  and  it  is  regenerated  from  the  muscular  coat  (fig.  649). 
The  mucous  membrane  of  the  cervix  remains  free  from  these  changes.] 

2.  Ovulation. — The  second  important  internal  phenomenon  is  ovulation,  in 
which  process  the  ovary  becomes  more  vascular — the  ripe  follicle  is  turgid  with 
fluid,  and  in  part  projects  above  the  surface  of  the  ovary.  The  follicle  ultimately 
bursts,  its  membranes^ and  the  epithelium  covering  of  the  ovary  are  torn  or  give 
way  under  the  pressure,  the  bursting  being  accompanied  by  the  discharge  of  a 
small  amount  of  blood.  At  the  same  time,  the  congested,  turgid,  and  erected 
fimbriated  extremity  of  the  Fallopian  tube  is  applied  to  the  ovary,  so  that  the 


Fig.  648,  Fig.  649. 

Fig.  648. — Diagram  of  the  uteiiis  just  before 
menstruation.  The  shaded  portion  repre- 
,sents  the  mucous  membrane.  Fig.  649. — 
Uterus  when  menstruation  has  just  ceased, 
showing  the  cavity  of  the  body  deprived 
of  mucous  membrane  (/.  TFillimns). 


856 


TIIEOlllES  OF  OVULATION. 


discharged  ovum,  with  its  adherent  granulosa  ceils,  and  the  liquor  folliculi,  are 
caught  by  the  funnel-shaped  extremity  of  the  tube  (fig,  646).  The  ovum,  when 
discharged,  is  carried  towards  the  uterus  by  the  ciliated  epithelium  (§  433)  of  the 
tube,  and  perhaps  also  partly  by  the  contraction  of  its  muscular  coat.  Ducalliez 
and  Kiiss  found  that,  by  fully  injecting  the  blood-vessels,  they  could  imitate  the 
erection  of  the  Fallopian  tube.  Rouget  points  out  that  the  non-striped  muscle  of 
the  broad  ligaments  may  cause  constriction  of  the  vessels,  and  thus  secure  the 
necessary  injection  of  the  blood-vessels  of  the  Pallopian  tube. 

Pfliiger's  Theory. — There  are  two  theories  as  to  the  connection  between  ovulation  or  the 
discharge  of  an  ovum  and  the  escape  of  blood  from  the  uterine  mucous  membrane.  Plliiger 
regards  the  bloody  discharge  from  the  superficial  layers  of  the  uterine  mucous  membrane  as  a 
physiological  preparation  or  "freshening"  of  the  tissue  (in  the  surgical  sense),  by  which  it 
will  be  prepared  to  receive  the  ovum  when  the  latter  reaches  the  uterus,  so  that  union  can 
take  place  between  the  ovum  and  the  freshly-exposed  surface  of  the  mucous  membrane,  and 
thus  the  ovum  will  receive  nourishment  from  a  new  surface. 

Eeichert's  Theory.— This  view  is  opposed  to  that  of  Reichert,  Engelmann,  Williams,  and 
others.  According  to  Reichert's  theory,  before  an  ovum  is  discharged  at  all  there  is  a  sympa- 
thetic change  in  the  uterine  mucous  membrane,  whereby  it  becomes  more  vascular,  more 
spongy,  and  swollen  up.  The  mucous  membrane  so  altered  is  spoken  of  as  the  membrana 
dccidua  menstrualis,  and  from  its  nature  it  is  in  a  ])roper  condition  to  receive,  retain,  and 
nourish  a  fertilised  ovum  which  may  come  into  contact  with  it.  If  the  ovum,  however,  be  not 
fertilised,  and  escape  from  the  genital  passages,  then  the  uterine  mucous  membrane  degener- 
ates, and  blood  is  shed  as  above  described.    According  to  this  view,  the  ha;morrhage  from  the 

uterine  mucous  membrane  is  a  sign  of  the 


Stroma  of  ovary. 

-Outer  layer  of  follicle. 
^Vessels  between  outer 
layer  and  tunica  propria. 

Folded  and  thickened 
tunica  propria. 


Fig. 


650. 

Fresh  corpus  luteum. 


non-occurrence  of  pregnancy;  the  mucous 
membrane  degenerates  because  it  is  not  re- 
quired for  this  occasion ;  the  menstrual  blood 
is  an  external  sign  that  the  ovum  has  not 
been  impregnated.  So  that  pregnancy,  i.e., 
the  development  of  the  embryo  in  utero,  is 
to  be  calculated,  not  from  the  last  menstru- 
ation, but  from  some  time  between  the  last 
menstruation  and  the  period  which  does  not 
occur. 

In  some  cases  the  ovulation  and  the  for- 
mation of  the  decidua  menstrualis  occur 
separately,  so  that  there  may  be  menstma- 


.1 


tion  without  ovulation,  and  ovulation  without  menstruation. 

Coi-pus  Luteum.— "When  a  Graafian  follicle  hursts,  it  discharges  its  contents  and  collapses  ; 
in  the  interior  are  the  remains  of  the  membrana  granulosa  and  a  small  effusion  of  blood,  which 

soon  coagulates.  The  small  rup- 
ture soon  heals,  after  the  serum 
is  absorbed.     The  vascular  wall 

/Coi-pus  of  the  follicle  swells  up.  Villous 
luteum  prolongations  or  gi'anulations  of 
„„fi,  „  young  connective-tissue,  rich  in 
capillaries  and  cells,  grow  into  the 
interior  of  the  follicle  (fig.  651). 
Colourless  blood-corpuscles  also 
wander  into  the  interior.  At  the 
same  time  the  cells  of  the  granu- 
losa proliferate,  and  form  several 
layers  of  cells,  which  ultimately, 
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Fig.  652. 

Corpus  lutemu  of  cow  (  x  lA).  Lutein  cells  from  the  corpus  luteum  of  cow. 

after  the  disappearance  of  a  number  of  blood-vessels,  undergo  fatty  degeneration,  lutein,  and/a% 
matter  being  formed,  and  it  is  this  mass  which  gives  the  corpus  luteum  its  yellow  colour  (fig. 
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652)  The  capsule  becomes  more  and  more  fused  with  the  ovarian  stroma.  If  pregnancy  does 
not  take  place  after  the  menstruation,  then  the  fatty  matter  is  rapidly  absorbed,  and  the  effused 
blood  is  changed  into  hrematoidin  (§  20)  and  other  derivatives  of  haimoglobin,  while  there  is  a 
oradual  shrivelling  of  the  whole  mass,  which  is  complete  in  about  four  weeks,  only  a  very 
small  remainder  being  left.  Such  a  corpus  luteura,  i.e.,  one  not  accompanied  by  pregnancy,  is 
called  a  false  corpus  hiteum.  If,  however,  pregnancy  occurs,  then  the  corpus  luteum,  insteaa 
of  shrivelling,  grows  and  becomes  a  large  body,  especially  at  the  third  and  fourth  month,  the 
walls  are  thicker,  the  colour  deeper,  so  that  the  corpus  luteum  at  the  period  of  delivery  may  be 
6  to  10  mm.  in  diameter,  and  its  remains  may  be  found  in  the  ovary  for  a  very  longtime  thcreatter 
(fig.  651).  This  form  is  sometimes  spoken  of  as  a  true  corpus  luteum.  [We  cannot  draw  a  sharp 
distinction  between  these  two  forms.]  Only  a  very  small  number  of  the  ova  in  the  ovary 
undergo  development  and  are  discharged ;  by  far  the  greater  number  degenerate  (Slavjansky). 

436.  PENIS— ERECTION.— Penis.— [The  penis  is  composed  of  the  two  long  cylindrical 
corpora'  caveraosa,  the  corpus  spongiosum,  which  lies  between  and  below  them,  and  sur- 
rounds the  urethra;  these  are  held  together  by  fibrous  and  muscular  sheaths,  and  are 
composed  of  erectile  tissue.]  Our  knowledge  of  the  distribution  of  the  blood  within  the 
penis  is  chiefly  due  to  G.  Langer's  researches.  The  albuginea  of  the  corpus  spongiosum  con- 
sists of  tendinous  connective-tissue,  containing  thickly-woven  elastic  tissue  and  smooth 
muscular  fibres,  which  together  form  a  solid  fibrous  envelope,  from  which  numerous  interlacing 


that  the  corpus  spongiosum  comes  to  resemble  a  sponge, 
by  these  trabecule  form  a  series  of  inter-communicating 


trabeculoe  pass  into  the  interior,  so 
The  anastomosing  spaces  bounded 
venous  spaces  or  sinuses  filled 
with  blood  and  lined  by  a  layer 
of  endothelium  constituting  erec- 
tile tissue  (fig.  653).  The  largest 
sinuses  lie  in  the  lower  and 
external  part  of  the  corpus  caver- 
nosum,  while  they  are  less  nume- 
rous and  smaller  in  the  upper 
part.  The  small  arteries  arise 
from  the  A.  profunda  penis,  which 
runs  along  the  septum,  and  pass 
to  the  trabeculse  after  following  a 
very  sinuous  course.  At  the  outer 
part  of  the  corpus  spongiosum, 
some  of  the  small  arteries  become 
directly  continuous  with  the  larger 
venous  sinuses ;  some  of  them, 
however,  terminate  in  capillaries 
both  in  the  outer  part  and  within 
the  corpus  spongiosum,  the  capil- 
laries ultimately  terminating  in 
the  venous  sinuses.  The  helicine 
arteries  of  the  penis  described 
by  Joh.  Mliller  are  merely  much 
twisted  arteries.    The  deep  veins  ^  j-jo.  ggg 

of  the  penis  arise  by  fine  veinlets  .    ,      ,  °       '      i-     j.-         ■j.t    ■,  i.- 

within  the  body  of  the  organ,  Erectile  tissue,   a,  trabeculee  of  connective-tissue  with  elastic 

while  the  veins  proceeding  from  ^^'^^  ^"^^  ^'"oo^h  muscle  (c) ;  b,  venous  spaces, 

the  cavernous  spaces  pass  to  the  dorsum  of  the  penis  to  form  the  vena  clorscdis  penis.  As  these 
vessels  have  to  traverse  the  meshes  of  the  vascular  network  in  the  cortex  of  the  corpora 
cavernosa  penis,  it  is  evident  that,  when  the  network  is  congested  by  being  filled  with  blood, 
it  must  compress  the  outgoing  venous  trunks.  The  corpus  cavernosum  urethraj  consists  for 
the  most  part  of  an  external  layer  of  closely  packed  anastomosing  veins,  which  surround  the 
longitudinally  directed  blood-vessels  of  the  urethra. 

In  the  dog,  all  the  arteries  of  the  penis  run  at  first  towards  the  surface,  where  they  divide 
into  penicilli.  The  veins  arise  from  the  capillary  loops  in  the  papillaa,  and  they  empty  their 
blood  into  the  cavernous  spaces.  Only  a  small  part  of  the  blood  passes  to  the  cavernous  spaces 
through  the  internal  capillaries  and  veins,  but  arterial  blood  never  flows  directly  into  these 
spaces  {3f.  v.  Frcy). 

Mechanism  of  Erection. — Erection  is  due  to  the 
vessels  of  the  penis  with  blood,  whereby  the  volume  of  the 


overfilling 


of 


the  blood- 
is  increased 


four  or  five  times,  while,  at  the  same  time,  there  are  also  a  higher  temperature, 
increased  blood-pressure  (to  ^  of  that  in  the  c&rotid—Echhard),  with  at  first  a 
pulsatile  movement,  increased  consistence,  and  erection  of  the  organ. 
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Regncv  do  Graaf  obtained  coniploto  erection  of  the  penis  by  forcibly  injecting  its  blood- 
vessels (1668). 

The  preliminary  phenomena  consist  in  a  considerable  increase  of  the  arterial 
blood-supply,  the  arteries  being  dilated  and  pulsating  strongly.  The  arteries  are 
controlled  by  the  nervi  erigentes.  The  nervi  erigentes  [called  by  Gaskell  the 
pelvic  splanchnics  (fig.  439]  arise  chiefly  from  the  second  (more  rarely  the  third) 
sacral  nerves  (dog),  and  have  ganglionic  cells  in  their  course  (Loven,  NikoUky). 
These  nerves  contain  vaso-dilator  fibres,  which  can  be  excited  in  part  reflexly 
from  the  sensory  nerves  of  the  penis,  the  transference  centre  being  in  the  centre 
for  erection  in  the  spinal  cord  (§  372,  4).  Sensory  impressions  produced  by 
voluntary  movements  of  the  genital  apparatus  (by  the  ischio-  and  bulbo-cavernosi 

and  cremaster  muscles)  can  also  dis- 
charge this  reflex ;  while  the  thought 
of  sexual  impulses,  referable  to  the 
penis,  tends  to  induce  erection.  The 
nervi  erigentes  also  supply  the  longi- 
tudinal fibres  of  the  rectum  {Fellner). 

The  centre  for  erection  in  the 
spinal  cord  (§  362,  2)  is,  however, 
controlled  by  the  dominating  vaso- 
dilator centre  in  the  medulla  oblon- 
gata (§  372),  and  the  two  centres  are 
connected  by  fibres  within  the  cord ; 
hence  stimulation  of  the  upper  part 
of  the  cord,  as  by  asphyxiated  blood 
(§  362,  5)  or  muscarin,  may  also  be 
followed  by  erection  [Nikolsky).  [The 
seminal  fluid  is  frequently  found  dis- 
charged in  persons  who  have  been 
hanged.] 

The  psychical  activity  of  the  cere- 
brum has  a  decided  influence  on  the 
genital  vaso-dilator  nerves.  Just  as 
the  psychical  disturbance  which  ac- 
companies anger  or  shame  is  followed 
by  dilatation  of  the  blood-vessels  of 
the  head,  owing  to  stimulation  of  the 
vaso-dilator  fibres,  so  when  the  atten- 
tion is  directed  to  the  sexual  centres 
there  is  an  action  upon  the  nervi  eri- 
gentes. This  action  of  the  brain  is 
more  comprehensible,  since  we  know 


Fig.  654. 

Anterior  wall  of  the  pelvis  with  the  urogenital  sep- 
tum seen  from  the  front.  The  corpus  cavernosum 
(4)  with  the  urethra  (3)  is  cut  across  below  its 
exit  from  the  pelvis.  1,  symphysis  pubis  ;  2, 
dorsal  vein  of  the  penis  ;  5,  part  of  the  bulbo- 
cavernosus  ;  t,  deep  transversus  perinei  with  its 
fascia  (/) ;  6,  vena  profunda  penis  ;  7,  artery  and 
vein  of  the  bulbo-cavernosus. 
that  the  diameter  of  the  blood-vessels  is  affected  by  the  cortex  cerebri  (§  377).  The 
fibres  probably  pass  from  the  cerebrum  through  the  peduncles  of  the  cerebrum  and 
the  pons ;  as  a  matter  of  fact,  if  these  parts  be  stimulated  erection  may  take  place 

(§  362,  4)  {Eckharcl).  ,     ,     .   •  , 

When  the -impulse  to  erection  is  obtained  by  the  increased  supply  of  arterial 
blood,  the  full  completion  of  the  act  is  brought  about  by  the  activity  of  the  foUow- 
ing  transversely  striped  muscles  :— (1)  The  ischio-cavernoms  arises  from  thecoccyx, 
and  by  its  tendinous  union  surrounds  the  root  of  the  penis  (fig.  172).  When  it 
contracts,  it  compresses  the  root  of  the  penis  from  above  and  laterally  so  that  the 
outflow  of  blood  from  the  penis  is  hindered.  It  has  no  action  on  the  dorsal  vein 
of  the  penis,  as  this  vessel  lies  in  a  groove  on  the  dorsum  of  the  penis,  and  is 
therefore  protected  from  compression  by  the  tendon.    (2)  The  deep  transversm 
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perinei  is  perforated  by  the  vea^  profundee  penis,  ^^^l^Z 
pflvprnnsa  so  that  when  it  contracts  it  must  compress  these  veins  oecween  uie 
SLe  hoHzontal  hbrrL.  654,  6).    The  deep  veins  of  the  penis  join  the  common 
^Tdtntl  v^Ld  thi  plexus  'Sa^torini     (3)  Lastly,  the  ^^^^o^a^er.^^^ 
cerned  in  the  hardening  of  the  urethral  corpus  spongiosum,  as  ^  ^o-^P^^^^^^^^ 
bulb  of  the  urethra  (figs.  654,  5.  172).    All  these  muscles  ^JJ  P^'^^ly  und^^^^^^^^ 
control  of  the  vTiIl,  whereby  the  erection  may  be  increased.    Normally,  However 
their  contraction  is  excited  reflexly  by  stimulation  of  the  sensory  nerves  ot  the 
penis  (§  362,  4). 

The  congestion  of  blood  is  not  complete,  else  in  pathological  cases,  <=Oj^ti""°^«.^;f  *S  Ts 
in  satvi-iasis  would  give  rise  to  gangrene.  The  accumulation  of  the  blood  m  the  penis  is 
LoS^b^he  fact^hat  the  orilns"  of  the  veins  of  the  penis  lie  in  tlie  ^oXoormusS;- 
which,  when  it  enharges,  must  compress  them.  There  are  also  trabecular  smooth  musculai 
fibres,  which  compress  the  large  venous  plexus  of  Santonni.  v,v  in 

Thk  erection  is  a  complex%iotor  act  depending  on  the  nervous  system,  F^/*! 
experiment  of  Hausmann,  who  found  that  section  of  the  nerves  of  the  penis  P'  event^d  election 
in  a  stallion.  The  imperfect  erection  which  occurs  in  the  female  is  confined  ^  *e  coipora 
cavernosa  clitoridis  and  the  bulbi  vostibuli.  During  erection  the  passage  from  the  urethra  to 
the  bladder  is  closed,  partly  by  the  swelling  of  the  caput  galhnagims,  and  partly  by  the  action 
of  the  sphincter  urethrse,  which  is  connected  with  the  deep  transversus  permei. 

437  EJACULATION— RECEPTION  OF  THE  SEMEN.— In  connection 
with  the"  ejaculation  of  the  seminal  fluid,  we  must  distinguish  two  different  factors 
— (1)  its  passage  from  the  testicles  to  the  vesiculse  seminales ;  (2)  the  act  of 
ejaculation  itself.  The  former  is  caused  by  the  newly  secreted  fluid  forcing  on  that 
in  front  of  it,  by  the  action  of  the  ciliated  epithelium  (which  lines  the  epididymis 
to  the  beginning  of  the  vas  deferens),  and  also  by  the  peristaltic  movements  of  the 
smooth  muscular  fibres  of  the  vas  deferens.  Ejaculation,  however,  requires  strong 
peristaltic  contractions  of  the  vasa  deferentia  and  the  vesiculse  seminales,  which  are 
brought  about  by  the  reflex  stimulation  of  the  ejaculation  centre  in  the  spinal  cord 
(§  362,  5).  As  soon  as  the  seminal  fluid  reaches  the  urethra,  there  is  a  rhythmical 
contraction  of  the  bulbo-cavernosus  muscle  (produced  by  the  mechanical  dilatation 
of  the  urethra),  whereby  the  fluid  is  forcibly  ejected  from  the  urethra.  Both  vasa 
deferentia  and  vesiculse  do  not  always  eject  their  contents  into  the  urethra  simul- 
taneously. With  moderate  excitement  the  contents  of  only  one  may  be  dis- 
charged. The  ischio-cavernosus  and  deep  transversus  perinei  contract  at  the  same 
time  as  the  bulbo-cavernosus,  although  the  former  have  no  effect  on  the  act  of 
ejaculation.  In  the  female  also,  under  normal  circumstances,  at  the  height  of  the 
sexual  excitement  there  is  a  reflex  movement  corresponding  to  ejaculation.  It  con- 
sists of  a  movement  analogous  to  that  in  man.'  At  first  there  is  a  reflex  peristaltic 
movement  of  the  Fallopian  tube  and  uterus,  proceeding  from  the  end  of  the  tube 
towards  the  vagina,  and  produced  reflexly  by  the  stimulation  of  the  genital  nerves. 
Dembo  observed  that  stimulation  of  the  anterior  upper  wall  of  the  vagina  in 
animals  caused  a  gradual  contraction  of  the  uterus.  By  this  movement,  correspond- 
ing to  that  of  the  vasa  deferentia  in  man,  a  certain  amount  of  the  mucus  normally 
lining  the  uterus  is  forced  into  the  vagina. 

This  is  followed  by  the  rhythmical  contraction  of  the  sphincter  cunni  (analogous 
to  the  bulbo-cavernosus),  also  of  the  ischio-cavernosus,  and  deep  transversus  perinei. 
The  uterus  is  erected  by  the  powerful  contraction  of  its  muscular  fibres  and  round 
ligaments,  while  at  the  same  time  it  descends  towards  the  vagina,  its  cavity  is  more 
and  more  diminished,  and  its  mucous  contents  are  forced  out.  When  the  uterus 
relaxes  after  the  stage  of  excitement,  it  aspirates  into  its  cavity  the  seminal  fluid 
injected  into  the  vestibule  {Aristotle,  Bischqf). 

But  the  suction  of  the  greatly  excited  uterus  is  not  necessary  for  the  reception  of  the  semen 
{Aristotle).  The  spermatozoa  may  wriggle  by  their  own  movements  from  the  vagina  into  the 
orifice  of  the  uterus  {KristeUer).    The  cases  of  pregnancy  where  from  some  pathological  causes 
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(partial  closuvo  of  the  vagina  or  vulva),  the  penis  has  not  passed  into  the  vagina  during  coition, 
provo  that  the  siicrniatozoa  can  traverse  the  whole  length  of  the  vagina,  and  pass  into  the 
uterus. 

438.  FERTILISATION  OF  THE  OVUM.— The  ovum  is  fertilised  by  one 
spermatozoon  passiug  into  it. 

Swamraerdam  (+  1685)  proved  that  contact  of  the  semen  with  the  ovmji  was  necessary  for 
fertilisation.  Spallanzani  (1768)  proved  that  the' fertilising  agent  was  the  spermatozoa,  and 
not  the  clear  filtered  fluid  part  of  the  semen,  and  that  the  spermatozoa,  even  after  being 
enormously  diluted,  were  still  capable  of  action.  Martin  Barry  (1850)  was  the  first  to  observe 
the  entrance  of  a  spermatozoon  into  the  ovum  of  the  rabbit.  This  occurs  pretty  rapidly,  by  a 
boring  movement  through  the  vitelline  membrane  {Leuckharl).  The  entrance  is  effected  either 
through  the  porous  canals  or  the  micropyle  {Keber,  p.  850). 

Theories. — As  to  the  manner  in  which  the  spermatozoon  affects  the  ovum,  there  are  great 
differences  of  opinion.  Aristotle  compared  it  to  an  action  like  that  of  rennet  on  milk  ;  Bischoff, 
to  that  of  yeast  on  a  fermentable  mass,  i.e.,  to  a  catalytic  action.  These  theories,  however,  are 
quite  unsatisfactory,  as  we  know  that  the  unfertilised  ova  of  the  hen,  rabbit  (Hensm),  pig 
{Bischoff),  salpa  {Kupiifcr)  (but  not  the  frog — Pflilgcr)  can  undergo  the  initial  stages  of  develop- 
ment as  far  as  the  stage  of  cleavage,  and  the  star-fishes  even  as  far  as  the  larval  form  (Greef). 

Place  of  Fertilisation. — The  place  where  fertilisation  occurs  is  either  the  ovar?/, 
as  indicated  by  the  occurrence  of  abdominal  pregnancy,  or  the  FaUo2nan  tube,  and 
the  numerous  recesses  in  the  latter  afford  a  good  temporary  nidus  for  the  sperma- 
tozoa. This  view  is  supported  by  the  occurrence  of  tubal  pregnancy.  Thus,  the 
spermatozoa  must  be  able  to  pass  through  the  Fallopian  tube  to  the  ovary,  which 
is  probably  brought  about  chiefly  by  the  movements  proper  to  the  spermatozoa 
themselves.  It  is  uncertain  whether  the  peristaltic  movements  of  the  uterus  and 
Fallopian  tube  are  concerned  in  this  process  ;  certainly  ciliary  movement  is  not  con- 
cerned, as  the  cilia  of  the  Fallopian  tube  act  from  above  downwards.  When  once 
the  ovum  has  passed  unfertilised  into  the  uterus,  it  is  not  fertilised  in  the  uterus. 
It  is  assumed  that  the  ovum  reaches  the  uterus  within  2  to  3  weeks  (in  the  bitch, 
8  to  14  days). 

Twins  occur  in  1  in  87  pregnancies,  but  oftener  in  warm  climates  ;  triplets, 
1  : 7600 ;  four  at  a  birth,  1  :  330,000.  More  than  six  at  a  time  have  not  been 
observed.    The  average  number  of  pregnancies  in  a  woman  is  4J. 

Superfecundation. — By  this  term  is  understood  the  fertilisation  of  two  ova  at^the  same 
menstruation,  by  two  different  acts  of  coition.  Thus,  a  mare  may  throw  a  foal  and  a  mule, 
after  being  covered  first  by  a  stallion  and  then  by  an  ass.  A  white  and  a  black  child  have  been 
born  as  twins  by  a  woman. 

Superfoetation  is  when  a  second  impregnation  takes  place  at  a  later  period  of  pregnancy,  as 
in  the  second  or  third  month.  This,  however,  is  only  possible  in  a  double  uterus,  or  when 
menstruation  persists  until  the  time  of  the  second  impregnation.  It  is  said  to  occur  frequently 
in  the  hare. 

Hybrids  are  produced  when  there  is  a  cross  between  different  species  (horse,  ass,  zebra— dog, 
jackal,  wolf— goat,  ibex— goat,  sheep— species  of  llama— camel,  dromedary— tiger,  lion— species 
'of  pheasant— goose,  swan— carp,  crucian— species  of  butterflies).  Most  hybrids  are  sterile, 
especially  as  regards  the  formation  of  properly  formed  spermatozoa  ;  while  the  hybrid  females 
are  for  the  most  part  fertile  with  the  male  of  both  parents,  e.g.,  the  mule  ;  but  the  characters 
of  the  ofi'spring  tend  to  return  to  those  of  the  species  of  the  parents.  Very  few  hybrids  are 
fertile  when  crossed  by  hybrids.  In  many  species  of  frogs  the  absence  of  hybrids  is  accounted 
for  by  the  mechanical  obstacles  to  fertilisation  of  the  ova. 

Tabal  Migration  of  the  Ovum. — Under  exceptional  circumstances,  the  ovum 
discharged  from  a  ruptured  Graafian  follicle  passes  into  the  Fallopian  tube  of  the 
other  side,  as  is  proved  by  the  occurrence  of  tubal  pregnancy  and  pregnancy  of  an 
abnormal  rudimentary  horn  of  the  uterus,  in  which  case  the  true  corpus  luteurn 
is  found  on  the  other  side  of  the  ovary.  This  is  spoken  of  as  "external  migration  ' 
(Kussmcml,  Leopold).  This  observation  coincides  with  experiment,  as  granular 
fluids,  e.(/.,  China-ink,  when  injected  into  the  peritoneal  cavity,  pass  uito  both 
Fallopian  tubes,  and  are  carried  by  the  ciliated  epithelium  to  the  uterus  {Fume}-). 
In  animals,  with  a  double  uterus  with  two  orifices,  the  ova  may  migrate  through 
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the  OS  of  the  one  into  the  .other  uterus,  a  condition  which  is  spoken  of  as  "internal 
migration." 

439  IMPREGNATION-CLEAVAGE-LAYERS  OF  THE  EMBRYO.- 

Maturation  of  the  Ovum.— In  birds  and  mammals,  important  changes  occur  m 
the  ovum  before  impregnation.  The  germinal  vesicle  comes  to  the  surface  and  ai,s- 
appears  from  view,  while  the  germinal  spot  also  disappears.  In  place  ot  tne 
germinal  vesicle,  a  spindle-shaped  body  appears.  The  granular  elements  ot  the 
protoplasmic  vitellus  arrange  themselves  around  each  of  the  two  poles  of  the  spindle, 
in  the  form  of  a  star,  the  double-star,  or  diaster  of  Fol— nuclear  spindle  (figs.  655, 
656)  When  this  takes  place,  the  peripheral  pole  of  the  nucleus  or  altered  ger- 
minal vesicle,  along  with  some  of  the  cellular  substance  of  the  ovum,  protrudes 
upon  the  surface  of  the  vitellus,  where  they  are  nipped  off  from  the  ovum  in  the 
form  of  small  corpuscles  just  like  an  excretory  product  (fig.  657).  These  bodies, 
which  are  not  made  use  of  in  the  further  development  and  growth  of  the  ovum, 
are  called  polar  or  directing  globules  (Fol,  Biitschli,  0.  Hertivig),  although  the 
elimination  of  small  bodies  from  the  yelk  was  known  to  Dumortier  [1837],  Bis- 
choff,  P.  J.  van  Beneden,  Fritz  Miiller  [1848],  Rathke,  and  others.  The  remainmg 
part  of  the  germinal  vesicle  stays  within  the  vitellus  and  travels  back  towards  the 
centre  of  the  ovum,  to  form  the  female  proneucleus  {0.  Hertivig,  Fol,  Selenlca,  E. 
van  Beneden).  [Before,  however,  the  altered  germinal  vesicle  travels  downwards 
again  into  the  substance  of  the  ovum,  it  divides  again  as  before,  and  from  it  is 
given  off  the  second  polar  globule,  and  then  the  remainder  of  the  germinal  vesicle 

Fig.  655.  Fig.  656. 

Fig.  655.— Formation  of  polar  globules  in  a  star-fish  (Asterias  glacialis).  A,  ripe  ovum  with 
excentric  germinal  vesicle  and  spot ;  B-E,  gradual  metamorphosis  of  germinal  vesicle 
and  spot,  as  seen  in  the  living  egg,  into  two  asters  ;  F,  formation  of  first  polar  globule,  and 
withdrawal  of  the  remaining  part  of  the  nuclear  spindle  within  the  ovum  ;  G,  surface 
view  of  living  ovum  with  view  of  first  polar  globule  ;  H,  formation  of  second  polar 
globule  ;  1,  a  later  stage,  showing  the  remaining  internal  part  of  the  spindle  in  the  form 
of  two  clear  vesicles  ;  K,  ovum  with  two  polar  globules  and  radial  strioj  around  the  female 
pronucleus  ;  L,  extrusion  of  polar  globule.  {Oedcles :  A-K,  after  Fol;  L,  after  0.  Hertivig.) 
Fig.  656. — Egg  of  Scorpaena  scrofa.  The  germinal  vesicle  is  extruding  a  polar  globule, 
and  withdrawing  towards  the  centre  of  the  ovum.    Near  it  is  the  male  pronucleus. 

forms  the  female  proneucleus  (fig.  655).  At  the  same  time  the  vitellus  shrinks 
somewhat  within  the  vitelline  membrane.] 

Impregnation. — As  a  rule,  only  one  spermatozoon  penetrates  the  ovum,  and  as 
it  does  so,  it  moves  towards  the  female  pronucleus,  while  its  head  becomes  sur- 
rounded with  a  star ;  it  then  loses  its  head  and  cilium,  or  tail,  the  latter  only 
serving  as  a  motor  organ,  while  the  remaining  middle  piece  swells  up  to  form  a 
second  new  nucleus,  the  male  pronucleus  (Fol,  Selenka).  According  to  Flemmiug, 
it  is  the  anterior  part  of  the  head,  and  according  to  Rein  and  Eberth,  it  is  the 
head  which  is  so  changed.  Thereafter,  the  male  and  female  pronucleus  unite, 
undergoing  amoeboid  movements  at  the  same  time,  to  form  the  new  nucleus  of  the 
fertilised  ovum.  The  female  pronucleus  receives  the  male  pronucleus  in  a  little 
depression  on  its  surface.   Thereafter  the  yelk  assumes  a  radiate  appearance  [Rein). 
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[The  union  of  the  representatives  of  the  nialo  and  female  elements  forms  the  first 
embryonic  segmentation  sphere  or  blastosphere,  which  divides  into  two  cells,  and 

these  again  into  four,  and  so  on  (fig.  658).] 

Ill  Euhinodernis,  0.  Hertwig  aud  Fol  observed  that 
several  embryos  were  formed  when,  under  abnormal  cou- 
ditions,  several  spermatozoa  penetrated  an  ovum.  The 
male  pronuclei,  formed  from  the  several  si)ermatozoa, 
then  fused  each  with  a  fragment  of  the  female  pro- 
nucleus. Under  simUar  circumstances,  Born  observed 
in  amphibians  abnormal  cleavage,  but  no  further  de- 
velopment. 

Cleavage  of  the  Yelk. — In  an  ovum  so  fer- 
tilised the  yelk  contracts  somewhat  around  the 
newly-formed  nucleus,  so  that  it  becomes  slightly 
Egg  of  a  Star-fish  (Asteracanthion)  with  separated  from  the  vitelline  membrane,  and  for 
two  extruded  polar  globules.  Male  ^j^^  gj.g^  j-jj^^  ^j^g  nucleus  and  the  yelk  divides 
and  female  pronuclei  near  each  other.  .^^^  nucleated  spheres.     This  process  is 

spoken  of  as  a  complete  cleavage  or  fission  (fig.  658).  Each  of  these  two  cells 
af^ain  divides  into  two,  and  the  process  is  repeated,  so  that  4,  8,  16,  32,  and  so  on. 


Fig.  657. 


Fig.  658. 

Segmentation  of  a  rabbit's  ovum,  a,  two-celled  stage  ;  I,  four-celled  stage  ;  c,  eight-celled 
sta<^e  ;  dc,  many  blastomeres  showing  the  more  rapid  division  of  the  outer-layer  ceUs,  and 
the  gradual  enclosure  of  the  inner-layer  ceUs  ;  ect,  outer-layer  ceUs  ;  cnt,  inner-layer  cells  ; 
pgl,  polar  globules  ;  zp,  zona  pellucida. 

spheres  are  formed  (fig.  659).  This  constitutes  the  cleavage  of  the  yelk,  and  the 
process  goes  on  until  the  whole  yelk  is  subdivided  into  numerous  small,  nuc  eated 

spheres,  the  "  mulberry  mass  or  "  seg- 
mentation spheres  "  or  "  morula,"  or  the 
protoplasmic  primordial  spheres  (20  to  25 
I  /x)  which  are  devoid  of  an  envelope.  [Each 
cell  divides  by  a  process  of  karyokinesis. 
According  to  Yan  Beneden,  the  segmenta- 
pj„  tion  begins  in  1-2  hours  after  the  union 

Cleavage  of  the  yelkoftl^eeag  of  Anchylo-  of  the  pronuclei,  and  the  process  is  com- 
stomum  duodenale.  plete  in  about  75  hours.     these  primi- 

tive cells,  from  which  all  the  tissues  of  the  future  embryo  are  formed,  are  called 
blastomeres.] 
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Variation  of  Lines  of  Cleavage. -According  to  the  observations  of  Pfliiger,  the  ova  of  the 
froT  c?f  bfrnade  to  imdergo  cleavage  in  very  different  directions,  according  to  the  angle  between 
the  axTs  of  Uie  e-  a  d  the  line  of  gravitation.  This  of  course  wo  can  alter  as  we  please,  by 
Placing  l^ie  e-s  at  any  augle  to  the°line  of  gravitation.  By  the  a.xis  of  the  ovum  is  meant  a 
£e  connecting  the  centre  Sf  the  black  surface  and  the  middle  of  the  white  part,  which,  in  the 
fertiliLd  ovum,  is  always  vertical.  In  such  eases  of  abnormal  cleavage  the  deposition  of  the 
organs  takls^ace  from'^other  constituents  of  the  egg  than  those  from  which  they  ax-e  ormed 
under  normal  conditions.  Under  normal  circumstances,  according  to  Koux  the  hist  line  ot 
cleava"-e  in  the  frog  is  in  the  same  direction  as  the  central  nervous  system,  ihe  second  inter- 
sects the  first  at  a  right  angle,  so  as  to  divide  the  mass  of  ovum  into  two  wieqioal  parts,  the 
larger  of  which  forms  the  anterior  part  of  the  embryo. 

Blastoderm.— During  this  time  the  ovum  is  enlarging  by  absorption  of  fluid 
into  its  interior.  All  the  cells,  from  mutual  pressure  against  each  other,  become 
polyhedral,  and  are  so  arranged  as  to  form  a  cellular  envelope  or  bladder,  the 
blastoderm  or  germinal  membrane,  which  lies  on  the  internal  surface  of  the 
vitelline  membrane  (De  Graaf,  v.  Baer,  Bischoff,  Coste).  A  small  part  of  the  cells 
not  used  in  the  formation  of  the  blastoderm  is  found  on  some  part  of  the  latter. 
[In  the  ovum  of  the  bird,  where  there  is  only  partial  segmentation,  the  blastoderm 
is  a  small  round  body  resting  on  the  surface  of  the  yelk,  under  the  vitelline 
membrane,  so  that  it  does  not  completely  surround  the  yelk,  or  a  hollow  cavity,  as 


Fig.  661. 

Fig.  660.  — Blastodermic  vesicle  of  a  rabbit,  ect,  ectoderm,  or  outer  layer  of  cells  ;  c?i<,  inner 
layer  of  cells.  Fig.  661. — Pr,  primitive  streak  ;  JR,  medullary  gi'oove  ;  U,  first  proto- 
vertebra. 

in  mammals.  In  mammals,  this  cavity  is  called  the  segmentation  cavity.]  The 
hollow  sphere,  composed  of  cells,  is  called  the  blastodermic  vesicle  by  Reichert 
(fig.  660),  and  in  the  human  embryo  it  is  formed  at  the  10th  to  12th  day,  in  the 
rabbit  at  the  4th,  the  guinea-pig  at  the  3  J,  the  cat  7th,  dog  11th,  fox  lith, 
ruminautia  at  the  10th  to  12th  day,  and  the  deer  at  the  60th  day. 

"When  the  blastoderm  grows  to  2  mm.  (rabbit),  whereby  the  vitelline  membrane 
is  distended  to  a  very  thin  delicate  membrane,  then  at  one  part  of  it  there  appears 
the  germinal  area,  the  area  germinativa,  or  the  embryonal  shield  (Coste,  K'dlliker), 
as  a  round  white  spot,  in  which  the  blastoderm,  owing  to  the  proliferation  of  its 
cells,  becomes  double.  The  upper  layer  is  called  the  ectoderm  or  epiblast,  and  in 
some  animals  it  consists  of  several  layers  of  cells,  while  the  lower  layer  is  the 
endoderm  or  hypoblast.  The  hypoblast  continues  to  grow  at  its  edges,  so  that  it 
ultimately  forms  a  completely  closed  sac,  on  which  the  epiblast  is  apjilied  concen- 
trically. The  embryonal  area  soon  becomes  more  pear-shaped,  and  afterwards 
biscuit-shaped.  At  the  same  time  the  surface  of  the  zona  pellucida  develops 
numerous  small,  hollow,  structureless  villi,  and  is  called  the  primitive  chorion. 

At  the  posterior  part,  or  narrow  end,  of  the  embryonic  shield,  the  primitive 
streak  (fig.  661,  I,  Fr)  appears  at  first  as  an  elongated  opaque  circular  thickening, 
and  later  as  a  longer  streak  or  groove,  the  primitive  groove.    [The  opacity  is  due 
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to  the  fact  that  there  are  several  layers  of  cells  in  this  region  (fig.  662).  In  a 
transverse  section  through  the  primitive  streak,  three  layers  of  cells  are  seen. 
They  form  part  of  the  middle  layer  or  mesoblast,  and  are  originally  derived  from 
the  hypoblast.  These  cells  fuse  with  those  of  the  epiblast.  The  remainder  of  the 
hypoblastic  cells  retain  their  stellate  character.]    At  the  same  time  a  new  layer  of 


Fig.  662. 

Transverse  section  of  the  primitive  streak  of  a  fowl's  blastoderm,    ep,  epiblast ;  liy,  hypoblast ; 
in,  mesoblast ;  iw,  primitive  groove  ;  yli,  yoke  of  germinal  wall. 

cells  is  developed  between  the  epiblast  and  hypoblast,  the  mesoderm  or  mesoblast 
(fig.  662,  I),  which  soon  extends  over  the  embryonal  area,  and  into  the  blastoderm. 

[There  has  been  much  discus- 
sion as  tu  the  origin  of  the 
mesoblast,  but  in  vertebrates 
it  seems  to  be  originally  de- 
veloped from  the  hypoblast. 
Fig.  663  shows  a  portion  of 
the  hypoblast  in  its  axial  part, 
in  process  of  forming  the  noto- 
chord,  which  is  described  as 
mesoblastic.  ]  Blood-vessels 
are  formed  within  the  meso- 


som. 


8p.r». 


Fig.  663. 

Transverse  section  of  an  embyro  newt, 


e,  meseuteron  :    „„„ 

ax.  hy,  axial  hypoblast,  forming  the  notochord  ;  he,  ccelom  ^"(-""anrl  are  drstributed  over 
or  body-cavity  ;  ep,  epiblast ;  hy,  digestive  hypoblast ;  «last  and  are  aistriDutea  over 
sovi,  somatic  mesoblast ;  svvi,  splanchnic  mesoblast ;  np,  tne  Dlastoaerm  to  lorm  tue 
neural  plate.  area  vasculosa. 

Medullary  Groove. — A  longitudinal  groove,  the  medullary  groove,  is  formed  at 
the  anterior  part  of  the  embryonal  shield,  but  it  gradually  extends  posteriorly, 
embracing  the  anterior  part  of  the  primitive  streak  with  its  divided  posterior  end, 
while  the  primitive  streak  itself  gradually  becomes  relatively  and  absolutely  smaller 
and  less  distinct,  until  it  disappears  altogether  (fig.  661,  I,  and  II,  Pr). 

The  position  of  the  embryo  is  indicated  by  the  central  part  becoming  more 
transparent, — the  area  pellucida, — which  is  surrounded  by  a  more  opaque  part — 
the  area  opaca.  [The  area  opaca  rests  directly  upon  the  white  yelk  in  the  fowl, 
and  it  takes  no  share  in  the  formation  of  the  embryo,  but  gives  rise  to  structures 
which  are  temporary,  and  are  connected  with  the  nutrition  of  the  embryo.  The 
embryo  is  formed  in  the  area  pellucida  alone.] 

From  the  epiblast  [newro-e2ndermal  layer]  are  developed  the  central  nervous 
system  and  epidermal  tissues,  including  the  epithelium  of  the  sense-organs. 

From  the  mesoblast  are  formed  most  of  the  organs  of  the  body  [including  the 
vascular,  muscular,  and  skeletal  systems,  and,  according  to  some,  the  connective- 
tissue.    It  also  gives  rise  to  the  generative  glands  and  excretory  organs] . 

From  the  hypoblast  ejnthelio-glandular  layer  [which  is  the  secretory  layer],  arise 
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the  intestinal  epithelium,  and  that  of  the  glands  whi  h  open      o^^t^^tme-  The 
notochord  is  also  formed  from  its  axial  portion     [^J-^^^,  f 
formed  by  an  inpushing  of  the  epiblast,  are  lined  by  epiblast,  and  aie  sometimes 
called  the  stomodsBum  and  proctodaeum  respectively.] 

rStructure  of  the  Blastoderm  (fig.  664).— Origmally  it  is  composed  of  only  two 
layers,  and  in  a  vertical  section  of  it  the  epiblast  consists  of  a  single  row  ot 
nucleated  granular  cells, 
arranged  side  by  side, 
with  their  long  axes  placed 
vertically.  The  hypoblast 
consists  of  larger  cells 
than  the  foregoing,  al- 
though they  vary  in  size. 
They  are  spherical  and 
very  granular,  so  that  no 
nucleus  is  visible  in  them.  Fig.  664. 

The  cells  form  a  kind  of  Vertical  section  of  part  of  the  unincubated  blastoderm  of  a  hen. 
network,  and  occur  in  «,  epiblast ;  h,  hypoblast ;  c,  formative  cells  resting  on  white 
more  than  one  layer,  espe-     yelk  ; /,  archenteron. 

cially  at  the  periphery.  It  rests  on  white  yelk,  and  under  it  are  large  spherical 
refractive  cells,  spoken  of  as  formative  cells  (c).] 

The  cells  of  the  epiblast,  and  especially  those  of  the  hypoblast,  nourish  themselves  by  the 
direct  absorption  and  incorporation  of  the  constituents  of  the  yelk  into  themselves,  ihe 
amoeboid  movements  of  these  cells  play  a  part  in  the  process  ot  absolution  The  absorbed 
particles  are  changed,  or,  as  it  were,  digested  within  the  cells,  and  the  product  used  in  the 
processes  of  growth  and  development  {Kollmann). 

440.  STRTTCTURES  FORMED  FROM  THE  EPIBLAST.— Laminse  Dor- 
sales.— The  medullary  groove  upon  the  epiblast  (also  called  outer,  serous,  sensorial, 
corneal,  or  animal  layer)  becomes  deeper  (fig.  665,  II).  The  two  longitudinal 
elevations  or  laminae  dorsales  consist  of  a  thickening  of  the  epiblast,  and  grow  up 
over  the  medullary  groove,  to  meet  each  other  and  coalesce  by  their  free  edges  in 
the  middle  line  posteriorly.  Thus,  the  open  groove  is  changed  into  a  closed  tube 
— the  medullary  or  neural  tube  (III).  The  cells  next  the  lumen  of  the  tube 
ultimately  become  the  ciliated  epithelium  lining  the  central  canal  of  the  spinal 
cord,  while  the  other  cells  of  the  nipped-ofE  portion  of  the  epiblast  form  the 
ganglionic  part  of  the  central  nervous  system  and  its  processes. 

Primary  Cerebral  Vesicles. — [The  laminae  dorsales  unite  first  in  the  region  of  the 
neck  of  the  embryo,  and  soon  this  is  followed  by  the  union  of  those  over  the  future 
head.]  The  medullary  tube  is  not  of  uniform  diameter,  for  at  the  anterior  end  it 
becomes  dilated  and  mapped  out  by  constrictions  into  the  primary  vesicles  of  the 
brain,  which  at  first  are  arranged,  one  behind  the  other,  in  the  following  order, 
each  one  being  smaller  than  the  one  in  front  of  it : — the  fore-brain  (representing 
the  structures  from  which  the  cerebral  hemispheres  are  developed) ;  the  mid-brain 
(corpora  quadrigemina) ;  the  hind-brain  (cerebellum) ;  and  the  after-brain 
(medulla  oblongata),  which  is  gradually  continued  into  the  spinal  cord  (IV  and  V). 
The  posterior  part  of  the  medullary  tube  has  a  dilatation  at  the  lumbar  enlarge- 
ment. In  birds,  the  medullary  groove  remains  open  in  this  situation  to  form  a 
lozenge-shaped  dilatation,  the  sinus  rhomboidalis. 

Cranial  Flexures. — The  anterior  part  of  the  medullary  tube  curves  on  itself, 
especially  at  the  junction  of  the  spinal  cord  and  oblongata,  between  the  mid-brain 
and  hind-brain,  and  again  almost  at  right  angles  between  the  fore-brain  and  mid- 
brain. [Thus,  a  displacement  of  the  primary  vesicles  is  produced,  and  the  head  of 
the  future  embryo  is  mapped  off.]  At  first  all  the  cerebral  vesicles  are  devoid  of 
convolutions  and  sulci.    On  each  side  of  the  fore-brain  there  grows  out  a  stalked 

3i 


866 


STllUOTUllES  FOllMED  FROM  THE  EPIULAST. 


hollow  vesicle  (VI),  the  primary  optic  vesicle.  The  remainder  of  the  epiblast 
forms  the  epidermal  covering  of  the  body.  At  an  early  period  vfo  can  distinguish 
the  stratum  conieum  and  the  Malpighian  layer  of  the  skin  (§  283) ;  from  the 
former  are  developed  the  hairs,  nails,  feathers,  ifcc. 

Partial  Cleavage. — Only  a  partial  cleavage  takes  place  in  the  eggs  of  birds  and  in  raero- 
blastic  ova,  i.e.,  only  the  white  yelk  in  the  neighbourhood  of  the  cicatricula  divides  into  nume- 
rous segmentrttiou  spheres  {Cosle,  1848).    The  cells  arrange  themselves  in  two  layers  lying  one 


Fig.  665. 

I,  The  three  layers  of  the  blastoderm  of  a  mammalian  ovum-Z,  zona  pellucida ;  E,  epiblast  ;m, 
mesoblast ;  e,  hypoblast.    II,  Section  of  an  embryo,  with  six  protovertebra^  at  the  1st  da> 

■      -M,  medullary  gioove  ;  h,  somatopleure  ;  U,  protovertebra  ;  c,  chorda  doi-salis  ;  S  the 
lateral  plates  dfvided  into  two  ;  a,  hypoblast.    HI,  Section  of  an  embryo  c  "ck  at  ^^^^^^^ 
•    ii  ,•„.,  i,o!,i+_M  mprlnllavv  sroove  :  Ji,  outer  part  ot  somatopleure  , 


■^f  ^'i^^^^^^n^^'^'^o^or  V  Scheme  of  the  /ornu^Uon  of  the  head-  ancl 
tail-folds— r  head-fold  :  D,  anterior  extremity  of  the  future  intestinal  tract ,  b,  tail-toKl, 
fiii  md  ment  of  the  cadty'of  the  rectum.    VI,  Scheme  of  a  longitudinal  section  throng 
an  cmlni^  afL?tlie  forniation  of  the  head-  and  tail-folds-A  o,  omphalo-mesenteric  arteries; 
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Scheme 

cavity ;  r,  union 


fold.  VII, 

j-iiiusciiLuinj   von*.3  ,  X       „'       '  n      •  1,.  cj 

6f  a  lon-'itudiual  section  through  a  human  ovum— Z,  zona  peUucida  ;^  i^V  .°" 


V  0,  omplialo-mcsentoric  veins  ;  «,  position  of  the  allantois^;  A,  amniotic 


A,  cavity  of  the  amnion  ;  a,  allantois  ;  JN,  um- 
U,  piimitivG  intestine.    VIII,  Schematic  trans- 


of  the  amniotic  folds 

bilical  vesicle;  vi,  niesoblast ;  h,  heart,  _ ,  ^    ,      ,     •  1 

verse  section  of  the  pregnant  uterus  during  the  formation  of  the  placenta  ;  U,  niusculai 
wall  of  the  uterus  ;  p,  uterine  mucous  membrane,  or  decidua  vera  ;  b,  maternal  part  ot  tlie 
placentii,  or  decidua  serotina  ;  r,  decidua  refle.xa  ;  ch,  chorion  ;  A,  amnion  ;  n,  umliilicai 
cord;  a,  allantois,  with  the  u radius  ;  N,  umbilical  vesicle,  with  D,  the  omphalo-mesen- 
teric  duct ;  1 1,  openings  of  the  Fallopian  tubes  ;  G,  canal  of  the  cervix  uteri.    IX,  Scheme 
of  a  human  embryo,  with  the  visceral  arches  still  persistent— A,  amnion  ;  V,  fo re- brain  ; 
M,  mid-brain  ;  H,  hind-brain  ;  N,  after-brain  ;  TJ,  piimitive  vertebra;  ;  a,  eye  ;  nasal 
pits  ;  S,  frontal  process  ;  y,  internal  nasal  process  ;  n,  external  nasal  process  ;  r,  superior 
maxillary  process  of  the  1st  visceral  arch  ;  1,  2,  3,  and  4,  the  four  visceral  arches,  with  the 
visceral  clefts  between  them  ;  0,  auditory  vesicle  ;  h,  heart,  with  e,  primitive  aorta,  whicli 
divides  into  five  aortic  arches  ;  /,  descending  aorta  ;  mn,  omphalo-mesenteric  artery  ;  b  the 
omphalo-mesenteric  arteries  on  the  umbilical  vesicle  ;  c,  omphalo-mesenteric  vein  ;  L,  liver, 
with  venre  advehentes '  and  revehentes  ;  D,  intestine  ;  i,  inferior  cava  ;  T,  coccyx  ;  all, 
allantois,  with  s,  one  umbilical  artery,  and  .1^,  an  umbilical  vein, 
over  the  other.    The  upper  layer  or  epiblast  is  the  larger,  and  contains. small  pale  cells  ;  the 
lower  layer,  or  hypoblast,  which  at  first  is  not  a  continuous  layer,  ultimately  forms  a  continuous 
layer,  but  its  periphery  is  smaller  than 
the  upper  layer,  while  its  cells  are 
larger  and  more  granular. 

Between  the  epiblast  and  hypoblast 
there  is  formed,  from  the  primitive 
streak  as  a  product  of  cell- proliferation, 
the  mesoblast,  which  is  said  by  Kol- 
liker  to  be  due  to  the  division  of  the 
cells  of  the  epiblast.  It  gradually  ex- 
tends in  a  peripheral  direction  between 
the  two  other  layers.  All  the  three 
layers  grow  at  their  periphery.  In 
the  mesoblast  blood-vessels  are  de- 
veloped. All  the  three  layers,  as  they 
grow,  come  ultimately  to  enclose  the 
yelk,  so  that  their  margins  come  to- 
gether at  the  opposite  pole  of  the  yelk. 

441.  STRUCTURES  FORM- 
ED FROM  THE  MESOBLAST 
AND  HYPOBLAST.— Themeso- 
blast  (vascular  layer  or  middle 
layer)  forms  immediately  under 
the  medullary  groove,  a  cylindri- 
cal cellular  cord,  the  chorda  dor- 
salis,  or  notochord,  which  is 
thicker  at  the  tail  than  at  the 
cephalic  end  (fig.  665,  II,  III,  c). 
It  is  present  in  all  vertebrata,  and 
also  in  the  larval  form  of  the 
ascidians,  but  in  the  latter  it  dis- 
appears in  the  adult  form  {Koiva- 
leivsTcy).  In  man  it  is  relatively 
small. 

bodies  of  the  vertebrae,  and  around 
it,  as  a  central  core,  the  substance 
of  the  bodies  of  the  vertebrae  is 
deposited,  so  that  they  are  strung 


Ao,  area  opaca 
Ilh,  mid-brain 


Ap, 
Vli, 


Fig.  666. 

ItToi-ti,;  b"as'i7o?  'th'e  ^tTX£i'rwt&l,^l 

fore-brain  ;  om,  omphalo-mesenteric  veins  ;  omr,  point 
where  the  closure  of  the  neural  groove  is  travelling 
backwards  with  the  protovertebra; ;  Vw,  muscle-iilates ; 
Rf,  posterior  part  of  widely-open  neural  groove  ;  Rw, 

^^11.       -4.  ri     1     1        -     neural  ridge ;  i;4/;  anterior  amniotic  fold, 

on  it,  as  it  were,  like  beads  on  a  o  >  j> 

string.  After  it  is  formed,  it  becomes  surrounded  by  a  double  sheath-like  covering 
{Gegenbaiir,  R'olliker). 
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The  veoi'iit  observations  of  L.  Gcrlach  and  Strahl  show  that  the  chorda  dorsalis  is  derived 
iVom  the  hypoblast  (lig.  663).    It  does  not  contain  chondrin  or  glutin,  but  albumin  {Iktzius). 

Protovertebrae. — The  cells  of  the  mesoblast,  on  each  side  of  the  chorda, 
arrange  themselves  into  cubical  masses,  always  disposed  in  pairs  behind  each  other, 
the  protovertebrsB  (iig.  665,  U  and  u).  The  first  pair  correspond  to  the  atlas. 
At  a  later  period  each  protovertebra  shows  a  marginal  cellular  area  and  a  nuclear 
area  (fig.  665).  Only  part  of  it  goes  to  form  a  future  vertebra.  The  part  of  the 
mesoblast  lying  external  to  the  protovertebrae,  the  lateral  plates  (fig.  665,  II,  »), 
splits  into  two  layers,  an  upper  one  and  a  lower  one,  which,  however,  are  united 
by  a  median  plate  at  the  protovertebrae.  The  space  between  the  two  layers  of  the 
mesoblast  is  called  the  pleuro-peritoneal  cavity,  or  the  ccelom  of  Haeckel  (III,  K). 
The  upper  layer  of  the  lateral  plate  becomes  united  to  the  epiblast,  and  forms 
the  cutaneo-muscular  plate  of  German  authors,  or  the  somatopleure  (fig.  665, 
III,  x;  fig.  667,  so),  while  the  inner  one  unites  with  the  hypoblast  to  form  the 
intestinal  plate  of  German  authors,  or  the  splanchnopleure  (fig.  665,  III,  p ;  lig. 
667,  sp).  On  the  surfaces  of  these  plates,  which  are  directed  towards  each  other, 
the  endothelium  lining  the  pleuro-peritoneai  cavity  is  developed.    On  the  surface 


Fig.  667. 

Transverse  section  of  an  embryo  duck,  am,  amnion  ;  ao,  aorta  ;  ca.v,  cardinal  vein  ;  cJi,  noto- 
chord;  hv,  hypoblast;  ms,  muscle-plate;  sq,  somatopleure;  sp,  splanchnopleure  ;si>.o, 
spinal  cord  ;  sp.cj,  spinal  ganglion  ;  st,  segmental  tube  ;  ^vd,  AVolffian  (segmental)  duct. 

of  the  median  plate,  directed  towards  :the  coelom,  some  cylindrical  cells  the 
"  germ-epithelium;'  of  Waldeyer,  remain,  which  form  the  ovarian  tubes  and  the 
ova  (§  438).  '  .  .  .  : 

According  to  Remak,  the  skin,  the  muscles  of  the  trunk,  and  the  blood-vessels,  and  according 
to  His  only  the  musculature  of  the  trunk,  are  derived  from  the  somatopleure.  Both  observers 
agree  that  the  splanchnopleure  furnishes  the  musculature  of  the  mtestuial  tract. 

Parablastic  and  Archiblastic  Cells.— According  to  His,  the  blood-vessels,, 
blood,  and  connective-tissue  are  not  developed  from  true  mesoblastic  cells,  but  be 
asserts  that  for  this  purpose  certain  cells  wander  in  from  the  margins  of  the  blast<)- 
derm  between  the  epiblast  and  hypoblast,  these,  cells  being  derived  from  outside  the 
position  of  the  embryo,  from  the  elements  of  the  white  yelk.  His  calls  these  struc- 
tures paraUastic,  in  opposition  to  the  archiblastic,  which  belong  to  the  three  layere 
of  the  embryo.    Waldeyer  also  adheres  to  the  parablastic  structure  of  blood  and 
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connective-tissue,  but  he  assumes  that  the  material  from  which  the  lat  er  is  formed 
is  continuous  protoplasm,  and  of  equal  value  with  the  elements  of  the  blastoderm 

The  hypoblast  does  not  undergo  any  change  at  this  time;  it  applies  itse  t  to 
the  inner  layer  of  the  mesoblast,  as  a  single  layer  of  cells,  to  form  the  splanchno- 
pleure. 

442  FORMATION  OF  EMBRYO,  HEART,  PRIMITIVE  CIRCULATION. 

—Head- and  Tail-Folds.— Up  to  this  time  the  embryo  lies  with  its  three  layers 
in  the  plane  of  the  layers  themselves.  The  cephalic  end  of  the  future  embryo  is 
first  raised  above  the  level  of  this  plane  (fig.  665,  V).  In  front  of,  and  under  the 
head,  there  is  an  inflection  or  tucking-in  of  the  layers,  which  is  spoken  of  as  the 
head-fold  (V,  7').  [It  gradually  travels  backwards,  so  that  the  embryo  is  raised 
above  the  level  of  its  surroundings.]  The  raised  cephalic  end  is  hollow,  and_  it 
communicates  with  the  space  in  the  interior  of  the  umbilical  vesicle.  The  cavity 
in  the  head  is  spoken  of  as  the  head-gut  or  fore-gut  (V,  D).  The  formation  of 
the  fore-gut,  by  the  elevation  of  the  head  from  the  plane  of  the  three  layers,  occurs 
on  the  second  day  in  the  chick,  and  in  the  dog  on  the  22nd  day.  The  tail-fold  is 
formed  in  precisely  the  same  way,  in  the  chick  on  the  3rd  day,  and  in  the  dog 
on  the  22nd  day.  The  tail-fold,  S,  also  is  hollow,  and  the  space  vrithin  it  is 
the  hind-gut,  d.  Thus,  the  body  of  the  embryo  is  supported  or  rests  on  a  hollow 
stalk,  which  at  first  is  wide,  and  communicates  with  the  cavity  of  the  umbilical 
vesicle.  This  duct  or  communication  is  called  the  omphalo-mesenteric  duct,  or 
the  vitello-intestinal  or  vitelline  duct.  The  saccular  vesicle  attached  to  it  in 
mammals  is  called  the  umbilical  vesicle  (VII,  N),  while  the  analogous  much 
larger  sac  in  birds,  which  contains  the  yellow  nutritive  yelk,  is  called  the  yelk-sac. 
The  omphalo-mesenteric  or  vitelline  duct  in  course  of  time  becomes  narrower,  and 
is  ultimately  obliterated  in  the  chick  on  the  5th  day.  The  point  where  it  is  con- 
tinuous with  the  abdominal  wall  is  the  abdominal  umbilicus,  and  where  it  is  in- 
serted into  the  primitive  intestine,  the  intestinal  umbilicus. 

[Sometimes  part  of  the  vitelline  duct  remains  attaclied  to  the  intestine,  and  may  prove 
dangerous  by  becoming  so  displaced  as  to  constrict  a  loop  of  intestine,  and  thus  cause  strangu- 
lation of  the  gut.] 

Heart. — Before  this  process  of  constriction  is  complete,  some  cells  are  mapped 
off  from  that  part  of  the  splanchnopleure  which  lies  immediately  under  the  head- 
gut  ;  this  indicates  the  position  of  the  heart,  which  appears  in  the  chick  at  the  end 
of  the  first  day,  as  a  small,  bright  red,  rhythmically  contracting  point,  the  punctum 
sdliens,  or  the  crrty/AT/  KLvovfiivq  of  Aristotle.    In  mammals  it  appears  much  later. 

The  heart,  VI,  begins  first  as  a  mass  of  cells,  some  of  which  in  the  centre  dis- 
appear to  form  a  central  cavity,  so  that  the  whole  looks  like  a  pale  hollow  bud 
(originally  a  pair)  of  the  splanchnopleure.  The  central  cavity  soon  dilates;  it  grows, 
and  becomes  suspended  in  the  coelom  by  a  duplicature  like  a  mesentery  (meso- 
cardium),  while  the  space  which  it  occupies  is  spoken  of  as  the  fovea  cardica.  The 
heart  now  assumes  an  elongated  tubular  form,  with  its  aortic  portion  directed 
forwards,  and  its  venous  end  backward;  it  then  undergoes  a  slight /-ishaped  curve 
(fig.  675,  1).  From  the  middle  of  the  2nd  day,  the  heart  begins  to  beat  in  the 
chick,  at  the  rate  of  about  40  beats  per  minute.  [It  is  very  important  to  note 
that  at  first,  although  the  heart  beats  rhythmically,  it  does  not  contain  any  nerve- 
cells.] 

From  the  anterior  end  of  the  heart,  there  proceeds  from  the  bulbus  aortse,  the 
aorta  which  passes  forward  and  divides  into  two  primitive  aortse,  which  then 
curve  and  pass  backwards  under  the  cerebral  vesicles,  and  run  in  front  of  the  proto- 
vertebrse.  Opposite  the  omphalo-mesenteric  duct,  each  primitive  aorta  in  the 
chick  sends  off  one,  in  mammals  several  (dog  4  to  5),  omphalo-mesenteric  arteries 
(VI,  A,  0),  which  spread  out  to  form  a  vascular  network  within  the  mesoblast  of  the 
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umbilical  vesicle.  From  this  network,  there  arise  the  omphalo-mesenteric  veins, 
which  run  backwards  on  the  vitelline  duct,  and  end  by  two  trunks  in  the  venous  end 
of  the  tubular  heart.  In  the  chick,  these  veins  arise  from  the  sinus  terminalis  of  the 
future  vena  terminalis  of  the  area  vasculosa.  Thus,  the  first  or  prinlitive  circu- 
lation is  a  closed  system,  and  functionally  it  is  concerned  in  carrying  nutriment  and 
oxygen  to  the  embryo.  In  the  bird,  the  latter  is  supplied  through  the  porous  shell, 
and  the  former  is  supplied  up  to  the  end  of  incubation  by  the  yelk.  In  mammals, 
both  are  supplied  by  the  blood-vessels  of  the  uterine  mucous  membrane  to  the  ovum. 
In  birds,  owing  to  the  absorption  of  the  contents  of  the  yelk-sac,  the  vascular  area 
steadily  diminishes,  until  ultimately,  towards  the  end  of  the  period  of  incubation, 
the  shrivelled  yelk-sac  slips  into  the  abdominal  cavity.  In  mammals,  the  circula- 
tion on  the  umbilical  vesicle,  i.e.,  through  the  omphalo-mesenteric  vessels,  soon 
diminishes,  while  the  umbilical  vesicle  itself  shrivels  to  a  small  appendix,  and  the 
second  circulation  is  formed  to  replace  the  omphalo-mesenteric  system.  The  first 
blood-vessels  are  formed  in  the  chick,  in  the  area  vasculosa,  outside  the  position 
of  the  embryo,  at  the  last  quarter  of  the  first  day,  before  any  part  of  the  heart  is 
visible.  The  blood-vessels  begin  in  vaso- formative  cells  [constituting  the  "  blood- 
islands  "  of  Pander].    At  first  they  are  solid,  but  they  soon  become  hollow  (§  7,  A). 

A  narrow-meshed  plexus  of  lymphatics  is  formed  iii  the  area  vasculosa  of  tlie  chick  {His),  and 
it  communicates  with  the  amniotic  cavity  {A.  Budge). 

443.  FOKMATION  OF  THE  BODy.— Body-Wall.— (1)  The  coelom,  or 
pleuro-peritoneal  cavity,  becomes  larger  and  larger,  while  at  the  same  time,  the 
difference  between  the  body-wall  and  the  wall  of  the  intestine  becomes  more  pro- 
nounced. The  latter  becomes  more  separated  from  the  protovertebrse,  as  the 
middle  plate  begins  to  be  elongated  to  form  a  mesentery.  The  body-wall,  or 
somatopleure,  composed  of  the  epiblast  and  the  outer  layer  of  the  cleft  mesoblast, 
becomes  thickened  by  the  ingrowth  into  it  of  the  muscular  layer  from  the  muscle- 
plate,  and  the  position  of  the  bones  and  the  spinal  nerves  from  the  protovertebrse. 
These  grow  between  the  epiblast  and  the  outer  layer  of  the  mesoblast  (Remak). 
[The  somatopleure,  or  parietal  lamina,  from  each  side  grows  forward  and  towards 
the  middle  line,  where  they  meet  to  form  the  body-wall,  while  at  the  same  time, 
the  splanchnopleure,  or  visceral  lamina,  on  each  side  also  grow  and  meet  in  the 
middle  line,  and  when  they  do  so,  they  enclose  the  intestine.  Thus,  there  is  one 
tube  within  the  other,  and  the  space  between  is  the  pleuro-peritoneal  cavity.] 

(2)  Vertebral  Column. — A  dorsally  placed  structure,  called  the  muscle-plate 
(fig.  667,  ms.),  is  differentiated  from  each  of  the  protovertebrse ;  the  remainder  of 
the  proto vertebra,  the  protovertebra  proper,  coalesces  with  that  on  the  other  side, 
so  that  both  completely  surround  the  chorda,  to  form  the  membrana  reunions 
inferior,  in  the  chick  on  the  3rd,  and  in  the  rabbit  on  the  10th  day,  while,'  at  the 
same  time,  they  close  over  the  medullary  tube  dorsally,  in  the  chick  at  the  4th 
day,  to  form  the  membrana  reuniens  superior  (Reichert).  Thus,  there  is  a  union 
of  the  masses  of  the  protovertebra^  in  fro7it  of  the  medullary  tube,  which  encloses 
the  chorda,  and  represents  the  basis  of  the  bodies  of  all  the  vertebraj,  whilst  the 
membrana  reuniens  superior,  pushed  between  the  muscle-plates  and  the  epiblast  on 
the  one  hand  and  the  medullary  tube  on  the  other,  represents  the  position  of  the 
entire  vertebral  lamince  as  well  as  the  intervertebral  ligaments  between  them.  In 
some  rare  cases  the  membrana  reuniens  superior  is  not  developed,  so  that  the 
medullary  tube  is  covered  only  by  the  epiblast  (epidermis),  either  throughout  its 
entire  extent,  or  at  certain  parts.  This  constitutes  the  condition  of  spina  bifida, 
or,  when  it  occurs  in  the  head,  hemicephalia.  The  vertebral  column  at  this 
membranous  stage  is  in  the  same  condition  as  the  vertebral  column  of  the  cyclo- 
stomata  (Petromyzon).  The  membranes  of  the  spinal  cord,  the  spinal  gangha,  and 
spinal  nerves  are  formed  from  the  membrana  reuniens  superior. 
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Lastly,  parts  of  the  somatopleures  also  grow  towards  the  middle  line  of  the  back, 
and  insinuate  themselves  between  the  muscle-plate  and  the  epiblast;  thus,  the 
dorsal  skin  is  formed  (i^fwirt/i,-).  t  • 

In  the  membranous  vertebral  column,  there  are  formed  the  several  carhlagtnous 
vertebrc-e,  the  one  behind  the  other,  in  man  at  the  6th  to  7th  week,  although  at 
first  they  do  not  form  closed  vertebral  arches  ;  the  latter  are  closed  in  man  about 
the  4th  month.  Each  cartilaginous  vertebra,  however,  is  not  formed  from  a  pair 
of  protovertebr£e,  i.e.,  the  6th  cervical  vertebra  from  the  6th  pair  of  protovertebraj, 
but  there  is  a  new  subdivision  of  the  vertebral  column,  so  that  the  lower  half  of 
the  preceding  protovertebra  and  the  upper  half  of  the  succeeding  protovertebra 
unite  to  form  the  final  vertebra.  While  the  bodies  are  becoming  cartilaginous  the 
chorda  becomes  smaller,  but  it  still  remains  larger  in  the  intervertebral  discs.  The 
body  of  the  first  vertebra  or  atlas  unites  with  that  of  the  axis  to  form  its  odontoid 
process,  and  in  addition  it  forms  the  arcus  anterior  atlantis  and  the  transverse 
ligament  (Hasse).  The  chorda  can  be  followed  upwards  through  the  ligamentum 
suspensorium  dentis  as  far  as  the  posterior  part  of  the  sphenoid  bone. 

The  Mstogenetic  formation  of  cartilage  from  the  indifferent  formative  cells  takes  place  by 
division  and  growth  of  the  cells,  until  they  ultimately  form  clear  nucleated  sacs.  The  cement 
substance  is  probably  formed  by  the  outer  parts  of  the  cells  (parietal  substance)  uniting  and 
secreting  the  intercellular  substance.  It  is  supposed  by  some  that  the  latter  contains  fine 
canals,  which  connect  the  protoplasm  of  the  adjoining  cells. 

Visceral  Clefts  and  Arches.— Each  side  of  the  cervical  region  contains  four 
slit-like  openings — the  visceral  clefts  or  hranrMal  openings  (Rathke) ;  in  the  chick, 
the  upper  three  are  formed  at  the  3rd,  and  the  fourbh  on  the  4th  day.  Above  the 
slits  are  thickenings  of  the  lateral  wall,  which  constitute  the  visceral  or  branchial 
arches  (fig.  671).  The  clefts  are  formed  by  a  perforation  from  the  fore-gut,  but 
this,  perhaps,  does  not  always  occur  in  the  chick,  mammal,  and  man  (His),  and 
they  are  lined  by  the  cells  of  the  hypoblast.  On  each  side  in  each  visceral  arch, 
i.e.,  above  and  below  each  cleft,  there  runs  an  aortic  arch,  five  on  each  side 
(fig.  665,  IX).  These  aortic  arches  persist  in  fishes.  In  man,  all  the  slits  close, 
except  the  uppermost  one,  from  which  the  auditory  meatus,  the  tympanic  cavity,  and 
the  Eustachian  tube  are  developed.  The  four  visceral  arches  are  for  the  most  part 
made  use  of  later  for  other  formations  (p.  879). 

Primitive  Mouth  and  Anus. — Immediately  under  the  fore-brain,  in  the  middle 
line,  is  a  thin  spot,  where  there  is  at  first  a  small  depression,  and  ultimately  a 
rupture,  forming  the  primitive  oral  aperture,  which  represents  both  the  mouth 
and  the  nose.  Similarly,  there  is  a  depression  at  the  caudal  end,  and  the  depres- 
sion ultimately  deepens,  thus  communicating  with  the  hind-gut  to  form  the  anus. 
When  the  latter  part  of  the  process  is  incomplete,  there  is  atresia  ani,  or  imper- 
forate anus.  Several  processes  are  given  off  from  the  primitive  intestine,  including 
the  hypoblast  and  its  muscular  layers,  to  form  the  lungs,  the  liver,  the  pancreas, 
the  C£ecum  (in  birds),  and  the  allantois. 

The  extremities  appear  at  the  sides  of  the  body  as  short  unjointed  stumps  or 
projections  at  the  3rd  or  4th  week  in  the  human  embryo. 

444.  AMNION  AND  ALLANTOIS.— Amnion.— During  the  elevation  of  the 
embryo  from  its  surroundings,  immediately  in  front  of  the  head  (at  the  end  of  the 
2nd  day  in  the  chick),  there  rises  up  a  fold  consisting  of  the  epiblast  and  the  outer 
layer  of  the  mesoblast,  which  gradually  extends  to  form  a  sort  of  hood  over  the 
cephalic  end  of  the  embryo  (fig.  665,  VI,  A).  In  the  same  way,  but  somewhat 
later,  a  fold  rises  at  the  caudal  end,  and  between  both  along  the  lateral  borders 
similar  elevations  occur,  the  lateral  folds  (fig.  665,  III,  A).  All  these  folds  grow 
over  the  back  of  the  embryo  to  meet  over  the  middle  line  posteriorly,  where  they 
unite  at  the  3rd  day,  in  the  chick,  to  form  the  amniotic  sac.    Thus,  a  cavitj/  which 
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becomes  filled  with  fluid — the  amniotic  fluid— is  developed  around  the  embryo 
[so  that  the  embryo  really  floats  in  the  fluid  of  the  amniotic  sac].  In  mammals 
also,  the  amnion  is  developed  very  early,  just  as  in  birds  (fig.  G65,  VII,  A). 
From  the  middle  of  pregnancy  onwards,  the  amnion  is  applied  directly  to  the 
chorion,  and  united  to  it  by  a  gelatinous  layer  of  tissue,  the  tunica  media  of 
Bischoff. 

Amniotic  Fluid, — The  amnion,  and  the  allantoLs  as  well,  arc  ibrmed  oiilj'  in  inaniinals, 
birds,  and  reptiles,  which  have  lience  been  called  amniota,  while  the  lower  vertebrates,  which 
are  devoid  of  an  amnion,  arc  called  anamnia.  Composition. — The  amniotic  fluid  is  a  cleai-, 
serous,  alkaline  fluid,  specific  gravity  1007  to  1011,  containing,  besides  epithelium,  lanugo 
hairs,  A  to  2  per  cent,  of  fixed  solids.  Amongst  the  latter  are  albumin  (  fV  t"  i  P«i'  cent. ), 
mucin,"' globulin,  a  vitelline-like  body,  some  gi'ape-sugar,  urea,  ammonium  carbonate,  very 
probably  derived  from  the  decomposition  of  urea,  sometimes  lactic  acid  and  kreatinin,  calcic 
sulphate  and  ]ihosphate,  and  common  salt.  About  the  middle  of  pregnancy,  it  amounts  to 
about  1-1-5  kilo.  [2 -2-3 '3  lbs.],  and  at  the  end  about  Q-y  kilo.  The  amniotic  fluid  is  of  fa;tal 
origin,  as  is  shown  by  its  occurrence  in  birds,  and  is,  perhaps,  a  transudation  through  the 
fcetal  membranes.  In  mammals,  the  urine  of  the  fcetus  forms  part  of  it  during  the  second 
half  of  pregnancy  [Gimcrow).  In  the  pathological  condition  of  hydramnion,  the  blood-vessels 
of  the  uterine  mucous  membrane  secrete  a  watery  fluid.  The  fluid  preserves  the  fcetus,  and  also 
the  vessels  of  the  fcetal  membranes  from  mechanical  injuries  ;  it  permits  the  limbs  to  move 
freely,  and  protects  them  from  growing  together  ;  and,  lastly,  it  is  important  for  dilating  the 
OS  uteri  during  labour.  The  amnion  is  capable  of  contraction  at  the  7th  day  in  the  chickj  and 
this  is  due  to  the  smooth  muscular  fibres  which  are  developed  in  the  cutaneous  plate  in  its 
mesoblastic  portion,  but  nerves  have  not  been  found. 

Allantois. — From  the  anterior  surface  of  the  caudal  end  of  the  embryo,  there 
grows  out  a  small  double  projection,  wliich  becomes  hollowed  out  to  form  a  sac 
projecting  into  the  cavity  of  the  coelom  or  pleuro-peritoneal  cavity  (fig.  665);  it 
constitutes  the  allantois,  and  is  formed  in  the  chick  before  the  5th  day,  and  in 
man,  during  the  2nd  week.  Being  'a  true  projection  from  the  hind-gut,  the 
allantois  has  two  layers,  one  from  the  hypoblast,  and  the  other  from  the  muscular 
layer,  so  that  it  is  an  ofi'shoot  from  the  splanchnopleure.  From  both  sides,  there 
pass  on  to  the  allantois  the  umbilical  arteries  from  the  hypogastric  arteries,  and 
they  ramify  on  the  surface  of  the  sac.  The  allantois  grows,  like  a  urinary  bladder 
gradually  being  distended,  in  front  of  the  hind-gut  in  the  pleuro-peritoneal  cavity 
towards  the  umbilicus ;  and  lastly,  it  grows  out  of  the  umbilicus,  and  projects 
beyond  it  alongside  the  omphalo-mesenteric  or  vitelline  duct,  its  vessels  growing 
with  it  (fig.  665,  VII,  a);  but,  after  this  stage,  it  behaves  differently  in  birds  and 
mammals. 

In  birds,  after  the  allantois  passes  out  of  the  umbilicus,  it  undergoes  great  development,  so 
that  within  a  short  time  it  lines  the  whole  of  the  interior  of  the  shell  as  a  highly  vascular  and 
saccular  membrane.  Its  arteries  are  at  first  branches  of  the  primitive  aortfe,  but  with  the 
development  of  the  posterior  extremities  they  appear  as  branches  of  the  hypogastric  arteries. 
Two  allantoidal,  or  umbilical  veins,  proceed  from  the  numerous  capillaries  ot  the  allantois. 
Thev  pass  backward  through  the  umbilicus,  and  at  first  unite  with  the  omphalo-mesentenc 
veins  to  ioin  the  venous  end  of  the  heart.  In  birds  this  circulation  on  the  allantois,  or  sccmui 
circulation,  is  respiratory  in  function,  as  its  vessels  serve  for  the  exchange  of  gases  through  the 
porous  shell.  The  circulation  gradually  assumes  the  respiratory  f-unctions  of  the  umbilical 
vesicle,  as  the  latter  gradually  becomes  smaller  and  smaller,  and  ceases  to  be  a  sutfacient 
ipspiratory  organ.  Towards  the  end  of  the  period  of  incubation  the  chick  may  breathe  a^id 
cry  within  the  shell  (Aristotle)— a  proof  that  the  respiratory  function  of  the  allantois  is  partly 
taken  over  by  the  lungs.  The  allantois  is  also  the  excretory  organ  of  the  urinary  constituents. 
Into  its  cavity  in  mammals  the  ducts  oi  the  primitive  kidneys,  or  the  IFoljfian  rf»c/s,  open,  but 
in  birds  and  reptiles,  which  possess  a  cloaca,  these  open  into  the  posterior  wall  of  the  cloaca. 
The  primitive  kidneys,  or  Wolffian  bodies,  consist  of  many  glomeruli,  and  empty  their  secre- 
tion through  the  Wolffian  ducts  into  the  allantois  (in  birds  into  the  cloaca)  and  the  secretion 
passes  through  the  allantois,  per  the  umbilicus,  into  the  peripheral  part  of_  the  urmary  sac. 
Remak  founcl  ammonium  and  sodium  urate,  allantoin,  grape-sugar,  ancl  salts  m  the  contents  of 
the  allantois.  From  the  8th  day  onwards,  the  allantois  of  the  chick  is  contractile  ( FM/i>ia)i), 
owing  to  the  presence  of  smooth  fibres  derived  from  the  splanchnopleure.  Lymphatics  accom- 
pany the  branches  of  the  arteries  {yl.  Budge). 

Allantois  in  Mammals.— In  mammals  and  man.  the  relation  of  the  allantois  is 
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somewhat  different.  The  first  part  or  its  origin  forms  the  urinary  bladder^  and 
from  the  vertex  of  the  latter  there  proceeds  through  the  umbilicus  a  tuoe,  tne 
urachus  wSch  is  open  at  first  (fig.  665,  YIII,  a).  Jh^  bhn^part  of  he  sa  of 
the  allantois  outside  the  abdomen  is  in  some  animals  A^ed  with  ^,  ^  J  f  ^ 
In  man  however,  this  sac  disappears  during  the  2nd  month,  so  that  there  leii 
only  th^  vessels  vlhich  lie  in  the  muscular  part  of  the  allantois  In  some  am 
however,  the  allantois  grows  larger,  does  not  shrivel,  but  obtains 
urachus  from  the  bladder  an  alkaline  turbid  fluid,  which  contains  some  albumin 
sugar,  urea,  and  allantoin.  The  relations  of  the  umbilical  vessels  will  be  described 
in  "connection  with  the  foetal  membranes. 

445  FCETAL  MEMBRANES,  PLACENTA,  F(ETAL  CIRCULATION.- 
Decidua— When  a  fecundated  ovum  reaches  the  uterus,  it  becomes  surrounded  by 
a  special  covering,  which  William  Hunter  (1775)  described  as  the  membraiia 
decidua  because  it  was  shed  at  birth.  We  distinguish  the  decidua  vera  (fig.  665 
VIII  p)  which  is  merely  the  thickened,  very  vascular,  softened,  more  spongy,  and 
somewhat  altered  mucous  membrane  of  the  uterus.  [Sometimes  in  a  diseased  con- 
dition, as  in  dysmenorrhoea,  the  superficial  layer  of  the  uterine  mucous  membrane  is 
thrown  off  nearly  en  masse  in  a 
triangular  form  (fig.  668).  This 
serves  to  show  the  shape  of  the 
decidua,  which  is  that  of  the 
uterus.]  When  the  ovum 
reaches  the  uterus,  it  is  caught 
in  a  crypt  or  fold  of  the  de- 
cidua, and  from  the  latter  there 
grow  up  elevations  around  the 
ovum ;  but  these  elevations  are 
thin,  and  soon  meet  over  the 
back  of  the  ovum  to  form  the 
decidua  reflexa  (fig.  665, 
VIII,  r).  At  the  2nd  to  3rd 
month,  there  is  still  a  space  in 
the  uterus  outside  the  reflexa ; 
in  the  4th  month,  the  whole 
cavity  is  filled  by  the  ovum. 
At  one  part  the  ovum  lies 
directly  upon  the  d.  vera  [and  ,  ^^g- 

that  part  is  spoken  of  as  the  ^  dysmenorrhcBal  membrane  laid  open, 

decidua  serotina],  but  by  far  the  greatest  part  of  the  surface  of  the  ovum  is  in 
contact  with  the  reflexa.  In  the  region  of  the  d.  serotina  the  placenta  is  ulti- 
mately formed. 

Structure  of  the  Decidua  Vera.— The  d.  vera  at  the  3rd  month  is  4  to  7  mm.  thick,  and 
at  the  4tb  only  1  to  3  mm. ,  and  it  no  longer  has  any  epithelium ;  but  it  is  very  vascular,  and 
is  possessed  of  lymphatics  around  the  glands  and  blood-vessels  {Leopold),  and  in  its  loose  sub- 
stance are  large  round  cells  (decidua  cells — K'ollikcr),  which  in  the  deeper  parts  become  changed 
into  fibre  cells— there  are  also  lymphoid  cells.  The  uterine  glands,  wliicb  become  greatly 
developed  at  the  commencement  of  pregnancy,  at  the  3rd  to  the  4th  month  form  non-cellular, 
wide,  bulging  tubes,  which  become  indistinct  in  the  later  months,  and  in  which  the  cjiithelium 
disappears  more  and  more.  The  d.  reflexa,  much  thinner  than  the  vera  from  the  middle  of 
pregnancy,  is  devoid  of  epithelium,  and  is  without  vessels  and  glands.  Towards  the  end  of 
pregnancy  both  deciduse  unite. 

The  ovum,  covered  at  first  with  small  hollow  villi,  is  surrounded  by  the  decidua. 
From  the  formation  of  the  amnion  it  follows  that,  after  it  is  closed,  a  completely 
closed  sac  passes  away  from  the  embryo  to  lie  next  the  primitive  chorion.  This 
membrane  is  the  "serous  covering"  of  v.  Baer  (fig.  665,  VII,  s),  or  the  false 
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amnion.  It  becomes  closely  applied  to  the  inner  surface  of  the  chorion,  and 
extends  even  into  its  villi.  The  allantois  proceeding  from  the  umbilicus 
comes  to  lie  directly  in  contact  with  the  foital  membrane ;  its  sac  disappears  about 
the  2nd  month  in  man,  but  its  vascular  layer  grows  rapidly  and  lines  the  whole  of 
the  inner  surface  of  the  chorion,  where  it  is  found  on  the  18th  day  (Coste),  From 
the  4th  week  the  blood-vessels,  along  with  a  covering  of  connective-tissue,  branch 
and  penetrate  into  the  hollow  cavities  of  the  villi,  and  completely  fill  thera.  At 
this  time  the  primitive- chorion  disappears.  Thus,  we  have  a  stage  of  general  va.scu- 
larisation  of  the  chorion.  In  the  place  of  the  derivative  of  the  zona  pellucida  we 
have  the  vascular  villi  of  the  allantois,  which  are  covered  by  the  epiblastic  cells 
derived  from  the  false  amnion.  This  stage  lasts  only  until  the  3rd  month,  when 
the  chorionic  villi  disappear  all  over  that  part  of  the  surface  of  the  ovum  which  is 
in  contact  with  the  decidua  reflexa.  On  the  other  hand,  the  villi  of  the  chorion, 
where  they  lie  in  direct  contact  with  the  decidua  serotina,  become  larger  and  more 
branched.    Thus,  there  is  distinguished  the  chorion  laeve  and  c.  frondosum. 

The  chorion  laeve,  which  consists  of  a  connective-tissue  matrix  covered  externally  by  several 
layers  of  cells,  has  a  few  isolated  villi  at  wide  intervals.  Between  the  chorion  and  the  amnion 
is  a  gelatinous  substance  (membrana  intermedia)  or  undeveloped  connective-tissue. 

Placenta.— The  large  villi  of  the  chorion  frondosum  penetrate  into  the  tissue  of 
the  decidua  serotina  of  the  uterine  mucous  membrane.  [It  was  formerly  supposed 
that  the  chorionic  villi  entered  the  mouths  of  the  uterine  glands,  but  the  researches 
of  Ercolani  and  Turner  have  shown  that,  although  the  uterine  glands  enlarge  during 
the  early  months  of  utero-gestation,  the  villi  do  not  enter  the  glands.  The  villi 
enter  the  crypts  of  the  uterine  mucous  membrane.  The  glands  of  the  inner  layer 
of  the  decidua  serotina  soon  disappear.]    As  the  villi  grow  into  the  decidua 

serotina,  they  push  against 
the  walls  of  the  large  blood- 
vessels, which  are  similar  to 
capillaries  in  structure,  so  that 
the  villi  come  to  be  bathed  by 
the  blood  of  the  mother  in  the 
uterine  sinuses,  or  they  float 
in  the  colossal  decidual  capil- 
laries (fig.  665,  VII,  b).  The 
villi  do  not  float  naked  in  the 
maternal  blood,  but  they  are 
covered  by  a  layer  of  cells 
derived  from  the  decidua. 
Some  villi,  with  bulbous  ends, 
unite  firmly  with  the  tissue  of 
the  uterine  part  of  the  placenta 
to  form  a  firm  bond  of  connec- 
tion. [The  placenta  is  formed 
by  the  mutual  intergrowth  of 
the  chorionic  villi  and  the  de- 
cidua serotina.]  Thus,  it  con- 
sists of  a  foetal  part,  including 
Fig.  669.  all  the  villi,  and  a  maternal 

Human  placental  villi.    Blood-vessels  black.  or  uterine  part,  which  is  the 

very  vascular  decidua  serotina.  At  the  time  of  birth,  both  parts  are  so  firmly 
united  that  they  cannot  be  separated.  Around  the  margin  of  the  placenta  is  a 
large  venous  vessel,  the  marginal  simts  of  the  placenta.  [Friedliinder  found  the 
uterine  sinuses  below  the  placental  site  blocked  by  giant  cells  after  the  Sth  mouth 
of  pregnancy.    Leopold  confirms  this,  and  found  the  same  in  the  serotinal  veins.] 


UTERINE  MILK. 


Functions  -The  placenta  is  the  nutritive,  excretory  and  respiratory  organ  of 
T  Ts\^  368);  the  latter  receives  its  -c-sary  pabulum  by  endo^^^ 
the  maternal  sinuses  through  the  coverings  and  vascular  wall  of  the  villi  in  which 
the  fa^tal  blood  circulates.    [The  placenta  also  contains  ffl7/coffen.\ 

rstnicture  -A  niece  of  fresh  placenta  teased  in  normal  saline  solution,  shows  the  villi  pio- 

somewhat  cubical  epithelium  (fig.  669).]  _  n  -j      i,-  1, 

Uterine  Milk.— Between  the  villi  of  the  placenta  there  is  a  dear  fluid,  which 
contains  numerous  small,  albuminous  globules,  and  this  fluid,  which  is  abundant 
in  the  cow,  is  spoken  of  as  the  uterine  milk.  It  seems  to  be  formed  by  the  breaking 
up  of  the  decidual  cells.  It  has  been  supposed  to  be  nutritive  in  function  [Ihe 
maternal  placenta,  therefore,  seems  to  be  a  secreting  structure,  while  the  toetal  part 
has  an  absorbing  function.  The  uterine  milk  has  been  analysed  by  Gamgee,  who 
found  that  it  contained  fatty,  albuminous,  and  saline  constituents,  while  sugar  and 

casein  were  absent.]  . 

The  investigations  of  Walter  show,  that  after  poisoning  pregnant  animals  with  strychnin, 
morphia,  veratriu,  curara,  and  ergotin,  these  substances  are  not  found  in  the  foetus,  although 
many  other  chemical  substances  pass  into  it.  ,  ,  ,    .  1  ■      •  4-1 

[Savory  found  that  strychnin  injected  into  a  foetus  in  utero  caused  tetanic  convulsions  in  the 
mother  (bitch),  while  syphilis  may  be  communicated  from  the  father  to  the  mother  through  the 
medium  of  the  fcetus  {Hutchinson).  A.,  Harvey's  record  of  observations  on  the  crossing  of  breeds 
of  animals— chiefly  of  horses  and  allied  species— show  that  materials  can  pass  from  the  fcetus  to 

the  mother.]  ,  ,      ,  ^  t  e 

On  looking  at  a  placenta,  it  is  seen  that  its  villi  are  distributed  on  large  areas  separated  f  rom 
each  other  by  depressions.  This  complex  arrangement  might  be  compared  with  the  cotyledons 
of  some  animals. 

The  position  of  the  placenta  is,  as  a  rule,  on  the  anterior  or  posterior  wall  ot  the  uterus,  more 
rarely  on  the  fundus  uteri,  or  laterally  from  the  opening  of  the  Fallopian  tube,  or  over  the 
internal  orifice  of  the  cervix,  the  last  constituting  the  condition  of  placenta  praevia,  which  is 
a  very  dangerous  form  of  placental  insertion,  as  the  placenta  has  to  be  ruptured  before  birth 
can  take  place,  so  that  the  mother  often  dies  from  ha;morrhage.  The  umbilical  cord  may  he 
inserted  in  the  centre  of  the  placenta  {insertio  centralis),  or  more  towards  the  margin  {ins. 
mirginalis),  or  the  chord  may  be  fixed  to  the  chorion  laeve.  Sometimes,  though  rarely,  there 
are  small  subsidiary  placentie  {pi.  succenturiata),  in  addition  to  the  large  one.  When  the 
placenta  consists  of  two  halves,  it  is  called  duplex  or  bipartite,  a  condition  said  by  Hyrtl  to  be 
constant  in  the  apes  of  the  old  world. 

Structure  of  the  Cord.— The  umbilical  cord  (48  to  60  cm.  [20  to  24  inches]  long, 
11  to  13  mm.  thick)  is  covered  by  a  sheath  from  the  amnion.  The  blood-vessels 
make  about  forty  spiral  turns,  and  they  begin  to  appear  about  the  2nd  month. 
[The  cause  of  the  twisting  is  not  well  understood,  but  Virchow  has  shown  that 
capillaries  pass  from  the  skin  for  a  short  distance  on  the  cord,  and  they  do  so 
unequally,  and  it  may  be  that  this  may  aid  in  the  production  of  the  torsion.]  It 
contains  two  strongly  muscular  and  contractile  arteries,  and  one  umbilical  vein. 
The  two  arteries  anastomose  in  the  placenta  {Hyrtl).  In  addition,  the  cord  contains 
the  continuation  of  the  urachus,  the  hypoblastic  portion  of  the  allantois  (fig.  665, 
VIII,  a),  which  remains  until  the  2nd  month,  but  afterwards  is  much  shrivelled. 
The  omphalo-mesenteric  duct  of  the  umbilical  vesicle  (N)  is  reduced  to  a  thread- 
like stalk,  (fig.  665,  VIII,  D).  Wharton's  jelly  surrounds  the  umbilical  blood- 
vessels. Wharton's  jelly  is  a  gelatinous-like  connective-tissue,  consisting  of 
branched  corpuscles,  lymphoid  cells,  some  connective-tissue  fibrils,  and  even  elastic 
fibres.  It  yields  mucin.  It  is  traversed  by  numerous  juice-canals  lined  by  endo- 
thelial cells,  but  other  blood-  and  lymphatic-vessels  are  absent.  Nerves  occur 
3-8-1 1  cm.  from  the  umbilicus  {Schott,  Valentin). 

The  foetal  circulation,  which  is  established  after  the  development  of  the 
allantois,  has  the  following  course  (fig.  670) : — The  blood  of  the  fo2tus  passes  from 
the  hypogastric  arteries  through  the  two  umbilical  arteries,  through  the  umbilical 
cord  to  the  placenta,  where  the  arteries  split  up  into  capillaries.    The  blood  is 


8/6 


Tim  FCETAL  CIRCULATION. 


returned  from  the  placenta  by  the  umbilical  vein,  although  the  colour  of  the  blood 
cannot  be  distinguished  from  the  venous  or  impure  blood  in  the  umbilical  arteries. 
The  umbilical  vein  (fig.  G73,  3,  u)  returns  to  the  umbilicus,  passes  upwards  under 
the  margin  of  the  liver,  gives  a  branch  to  the  vena  portie  (a),  and  runs  as  the 

I  .  1  I        ductus  venosus  into  the  inferior  vena 

f  I  If  cava,  which  carries  the  blood  into  the 
^'^  rigiit  auricle.    Directed  by  the  Eusta- 

chian valve  and  the  tubercle  of  Lower 
(fig.  675,  6,  tL),  the  great  mass  of  the 
blood  passes  through  the  foramen  ovale 
into  the  left  auricle,  owing  to  the  pre- 
sence of  the  valve  of  the  foramen  ovale. 
From  the  left  auricle  it  passes  into  the 
left   ventrLcle,  aorta,  and  hypogastric 
arteries,  to  the  umbilical  arteries.  The 
blood  of  the  superior  vena  cava  of  the 
foetus  passes  from  the  right  auricle  into 
the  right  ventricle  (fig.  675,  6,  Cs). 
From  the  right  ventricle  it  passes  into 
the  pulmonary  artery  (fig.  675,  7,  jj), 
and  through  the  ductus  arteriosus  of 
Botalli  (B)  into  the  aorta.    There  are, 
therefore,  two  streams  of  blood  in  the 
right  auricle  which  cross  each  other,  the 
descending  one  from  the  head  through 
the  superior  vena  cava,  passing  in  front 
of  the  transverse  one  from  the  inferior 
vena  cava  to  the  foramen  ovale.]  Only 
a  small  amount  of  the  blood  passes 
through  the  as  yet  small  branches  of  the 
pulmonary  artery  to  the  lungs  (fig.  675, 
7,  1,  %).    The  course  of  the  blood  makes 
it  evident  that  the  head  and  upper  limbs 
of  the  foetus  are  nourished  loy  purer 
blood  than  the  remainder  of  the  trunk, 


Fig.  670. 

Course  of  the  foetal  circulation  {Oleland). 


..hich  is  supplied  with  blood  mixed  with  the  blood  of  the  superior  vena  cava. 
After  hirth,  the  umbilical  arteries  are  obliterated,  and  become  the  lateral  ligaments 
of  the  bladder,  while  their  lower  parts  remain  as  the  superior  vesical  arteries.  The 
umbilical  vein  is  obliterated,  and  remains  as  the  ligamentum  teres,  or  round 
ligament  of  the  liver,  and  so  is  the  ductus  venosus  Arantii.  Lastly,  the  foramen 
ovule  is  closed,  and  the  ductus  arteriosus  is  obliterated,  the  latter  forming  the  lig. 
arteriosus. 

The  condition  of  the  membranes  where  there  are  more  foetuses  than  one  :— (1)  With  twins 
there  are  two  completely  separated  ova,  with  two  placenta;  and  two  deciduoe  reflexa;.  (2)  Two 
completely  separated  ova  may  have  only  one  reflexa,  whereby  the  placentre  grow  together,  while 
their  blood-vessels  remain  distinct.  The  chorion  is  actually  double,  but  cannot  be  separated 
into  two  lamella  at  the  point  of  luiion.  (3)  One  reflexa,  one  chorion,  one  placenta  two 
umbilical  cords,  and  two  amuia.  The  vessels  anastomose  in  the  placenta.  In  this  case  there 
is  one  ovum  with  a  double  yelk,  or  with  two  germinal  vesicles  m  one  yelk.  (4)  As  in  (3),  but 
only  one  amnion,  caused  by  the  formation  of  two  embryos  in  the  same  blastoderm  of  the  same 

^"rormation'^of  the  foetal  membranes. —The  oldest  mammals  have  no  placenta  or  umbilical 
essels  •  these  are  the  Mammalia  implacentalia,  including  the  monetremata 
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«arhvdprmata  cetacea  solidungula,  camelidne).  In  the  r^tminants,  the  villi  are  arraiiged  in 
?ro  0?cSyledr8%vS  gmw  into  the  uterine  nnicous  membrane  from  winch  they  are 
Si  out  at  biiih  (b)  In  the  deciduata,  there  is  such  a  firm  union  between  the  chorionic 
^illi  with  the  u  IUiuu^  membrane,  that  the  uterine  part  of  the  placenta  comes  away 
Sh  the  fcetal  part  at  birth.  In  this  case  the  placenta  is  either  zonary  (carnivora,  pmnipedi,., 
elephant)  or  discoid  (apes,  insectivora,  edentata,  rodontia). 

446  CHEONOLOGY  OF  HUMAN  DEVELOPMENT. —Development  during  the  Ist  Month. 
—At  the  12-13th  day  the  ovum  is  saccular  (5-5  mm.  and  3  mm.  in  diameter) ;  there  is  simply 
the  blastodermic  vesicle,  with  the  blastoderm  at  one  part,  consisting  of  two  layers  ;  the  zona 
pellucida  beset  with  small  villi  {Bekhcrl).  At  the  15th-16th  day  the  ovum  (5-6  mm  )  is 
covered  with  simple  cylindrical  villi.  The  zona  pellucida  consists  of  embryonic  connective- 
tissue  covered  with  a  layer  of  flattened  epithelium  The  primitive  groove  and  the  anunaj 
dorsales  appear.  Then  follows  the  stage  when  the  allantois  is  first  formed.  At  the  15tli-18th 
day  Coste  investigated  an  ovum.  It  was  13-2  mm.  long,  with  small  branched  villi  ;  the 
embryo  itself  was  2-2  mm.  long,  of  a  curved  form,  and  with  a  moderately  enlarged  cephalic  end. 
The  amnion  umbilical  vesicle  with  a  wide  vitelline  duct,  and  the  allantois  were  developed,  the 
last  already 'united  to  the  false  amnion.  The  S-shaped  heart  lies  in  the  cardiac  cavity,  shows  a 
cavity  and  a  bulbus  aortaj,  but  neither  auricles  nor  ventricles.  The  visceral  arches  and  clefts 
are  indicated,  but  they  are  not  perforated.  The  omphalo-mesenteric  vessels  forming  the  first 
circulation  on  the  umbilical  vesicle  are  developed,  the  duct  (vitelline)  is  still  quite  open,  and 
two  primitive  aorta  run  in  front  of  the  protovertebrse.  The.  allantois  attached  to  the  fcetal 
membranes  is  provided  with  blood-vessels.  The  two  omphalo-mesenteric  veins  unite  with  the 
two  umbilical  veins,  and  pass  to  the  venous  end  of  the  heart.  The  mouth  is  in  process  of 
formation.  The  limbs  and  sense-organs  absent :  the  Wolffian  bodies  probably  present. 
■  At  the  20th  day  all  the  visceral  arches  are  formed,  and  the  clefts  are  perforated.  The  mid- 
brain forms  the  highest  part  of  the  brain,  while  the  two  auricles  appear  in  the  heart.  The  con- 
nection with  the  umbilical  vesicle  is  still  moderately  wide.  The  embryo  is  2 -6-3 '3-4  mm. 
Ion",  while  the  head  is  turned  to  one  side  {His).  At  a  slightly  later  period  the  temporal  and 
cervical  flexures  take  place,  and  the  hemispheres  appear  more  prominently  ;  the  vitelline  duct 
is  narrowed,  the  position  of  the  liver  is  indicated,  while  the  limbs  are  still  absent  {His). 

At  the  21st  day  the  ovum  is  13  mm.  long  and  the  embryo  4-4 '5  mm.;  the  umbilical  vesicle 
2-2  mm.,  and  the  intestine  almost  closed.  Three  branchial  clefts,  Wolffian  bodies  laid  down, 
and  the  first  appearance  of  the  limbs,  three  cerebral  vesicles,  auditory  capsules  present  (E. 
Wagner).  Coste  also  observed,  in  addition,  the  nasal  pits,  eye,  the  opening  for  the  mouth, 
with  the  frontal  and  superior  maxillary  processes,  the  heart  with  two  ventricles  and  two 
auricles. 

End  of  the  Ist  Month. — The  embryos  of  25-28  days  are  characterised  by  the  distinctly 
stalked  condition  of  the  umbilical  vesicle  and  the  distinct  presence  of  limbs.  Size  of  the  ovum, 
17-6  mm.;  embryo,  13  mm.;  umbilical  vesicle,  5 '5  mm.,  with  blood-vessels. 

2nd  Month. — The  embryos  of  28-35  days  are  more  elongated,  and  all  the  branchial  clefts  are 
closed  except  the  first.  The  allantois  has  now  only  three  vessels,  as  the  right  umbilical  vein 
is  obliterated.  At  the  5th  week  the  nasal  pits  are  united  with  the  angle  of  the  mouth  by 
furrows,  which  close  to  form  canals  at  the  6th  week  {Toldt).  At  35-42  days  the  nasal  and  oral 
orifices  are  separated,  the  face  is  flat,  the  limbs  show  three  divisions,  the  toes  are  not  so  sharply 
defined  as  the  fingers.  The  outer  ear  appears  as  a  low  projection  at  the  7th  week.  The 
Wolffian  bodies  are  much  reduced  in  size.    Length  of  body  at  7th  to  8th  week,  1"6-4'1  cm. 

End  of  the  2nd  Month.— Ovum,  65  cm.;  villi,  1'3  mm.  long;  the  circulation  on  the 
umbilical  vesicle  has  disappeared  ;  embiyo,  26  mm.  long,  and  weighs  4  grammes.  Eyelids  and 
nose  present,  umbilical  cord  8  mm.  long,  abdominal  cavity  closed,  ossification  beginning  in  the 
lower  jaw,  clavicle,  ribs,  bodies  of  the  vertebrse  ;  sex  indistinct,  kidneys  laid  down. 

3rd  Month. — Ovum  as  large  as  a  goose's  egg,  beginning  of  the  placenta,  embryo  7-9  cm., 
weighing  20  grammes,  and  is  now  spoken  of  as  a  foetus.  External  ear  well  formed,  umbilical 
cord  7  cm.  long.  Beginning  of  the  difl'ereuce  between  the  sexes  in  the  external  genitals, 
umbilicus  in  the  lower  fourth  of  the  linea  alba. 

4th  Month. — Foetus,  17  cm.  long,  weighing  120  grammes,  sex  distinct,  hair  and  nails  begin- 
ning to  be  formed,  placenta  weighs  80  grammes,  umbilical  cord  19  cm.  long,  umbilicus  above 
the  lowest  fourth  of  the  linea  alba,  contractions  or  movements  of  the  limbs,  meconium  in  the 
intestine,  skin  with  blood-vessels  shining  through  it,  eyelids  closed. 

5th  Month.— Fcetus,  length  of  body,  9-7-14-7  cm.,  "total  length  18  to  28  cm.,  weighing  284, 
grammes  ;  hair  on  the  head  and  lanugo  distinct ;  skin  still  somewhat  red  and  thin,  and  covered 
with  vernix  caseosa  (§  287,  2),  is  less  transparent ;  weight  of  placenta,  178  grammes  ;  umbilical 
cord,  31  cm.  long. 

6th  Month.— Foetus,  length  of  body,  ,15-tl87,  total  length,  29-37  cm.,  weighing  634 
grammes  ;  lanugo  more  abundant ;  vernix  more  abundant ;  testicles  in  the  abdomen. ;  pupillai-y 
membrane  and  eyelashes  present ;  meconium;  ill  the  large  intestine.  .,  - 

7th  Month, -Foetus,  length  of  body,  18-22-8,  total  length,  35-38  em.-,  i\veighing  . 1218 
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grammes,  the  descent  of  the  testicles  Ijegins— ojte  testicle  in  the  inguinal  canal,  the  eyes  open, 
the  pupillary  mombrano  often  absorbed  at  its  centre  in  the  28th  week.  In  the  brain  other 
fissures  arc  foruied  besides  the  i)rimary  ones.  The  fostus  is  capable  of  living  independently. 
At  the  beginning  of  this  month  there  is  a  centre  of  ossification  in  the  os  calcis. 

8th  Month.— F(etus,  length  of  body,  24-27 '8,  total  length  42  cm.,  weigliing  1-5  to  2  kilos. 
(3 '3  to  4 '4  lbs.),  hair  of  the  head  abundant,  1"3  cm.  long,  nails  with  a  small  margin,  umbilicus 
below  tlio  middle  of  the  linoa  alba,  one  testicle  in  the  scrotum. 

9th  Month.— Fcetus,  length  of  body,  30-37,  total  length,  47-67  cm.,  weighing  2234  grammes, 
and  is  not  distinguishable  from  the  child  at  the  full  period. 

FcBtiis  at  the  Full  Period.— Length  of  body,  51  cm.  [20  inches],  weight,  3i  kilos.  [7  lbs.], 
lanugo  present  only  on  the  shoulders,  .skin  white.  The  nails  of  the  fingers  project  beyond  the 
tips  of  the  fingers,  umbilicus  slightly  below  the  middle  of  the  linea  alba.  The  centre  of  os.sifica- 
tion  in  the  lower  epiphysis  of  the  femur  is  4  to  8  mm.  broad. 
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Horse,  Camel,  13  months  ;  Rhinoceros,  18  months  ;  and  the  Elephant,  24  months. 
Limitation  of  the  supply  of  0  to  eggs,  during  incubation,  leads  to  the  formation  of  dwarf  chicLs. 
447.  FORMATION  OF  THE  OSSEOUS  SYSTEM.— Vertebral  Column.— The  ossification  of 
the  vertebra  begins  at  the  8th  to  the  9th  week,  and  first  of  all  there  is  a  centre  in  each  verte- 
hral  arch  then  a  centre  is  formed  in  the  body  behind  the  chorda,  which,  however,  is  composed 
of  two  closely  apposed  centres.  At  the  5th  month  the  osseous  matter  has  reached  the  surface, 
the  chorda  within  the  body  of  the  vertebra  is  compressed  ;  the  three  parts  unite  in  the  1st 
vear  The  atlas  has  one  centre  in  the  anterior  arch  and  two  in  the  posterior  ;  they  unite  at  the 
3rd  vear  The  epistropheus  has  a  centre  at  the  1st  year.  The  three  points  of  the  sacral  verte- 
bra; unite  or  anchylose  between  the  2nd  and  the  6th  year,  and  all  the  vertebra;  (sacral)  become 
united  to  form  one  body  between  the  18th  and  25th  years.  Each  of  the  four  coccygeal  vertebrte 
has  a  centre  from  the  1st  to  10th  year.  The  vertebrte  in  later  years  produce  1  to  2  centres  in 
each  nrocess  •  1  to  2  centres  in  each  transverse  process  ;  1  in  the  mamillary  process  of  the 
lumbar  vertebrfe  ;  and  1  in  each  articular  process  (8  to  15  years).  Of  the  upper  and  under 
surfaces  of  the  body  of  a  vertebra  each  forms  an  epiphysial  thin  osseous  plate,  which  may  stiU 
be  visible  at  the  20th  year.  Groups  of  the  cells  of  the  chorda  are  still  to  be  found  within  the 
intervertebral  discs.  As  long  as  the  coccygeal  vertebra,  the  odontoid  process^  and  the  base  of 
the  skull  are  cartilaginous,  they  still  contain  the  remains  of  the  chorda  {ff  Mnllcr)  The 
coocv^eal  vertebra;  form  the  tail,  and  they  originally  project  in  man  like  a  tail  (fag.  065,  l\,  1), 
which  is  ultimately  covered  over  by  the  growth  of  the  soft  parts  {His) 

The  ribs  bud  out  from  the  protovertebrce,  and  are  represented  on  each  vertebra  The  thoracic 
ribs  become  cartilaginous  in  the  2nd  month  and  grow  forwards  into  the  waU  of  the  chest, 
whereby  the  seven  upper  ones  are  united  by  a  median  portion  {Eathke),  which  represents  the 
nosition  of  one-half  of  the  sternum,  and  when  the  two  halves  meet  m  the  middle  hue  the 
sternum  is  formed.  When  this  does  not  occur  we  have  the  condition  of  the  c  eft  sternum. 
AtTe  6th  month  there  is  a  centre  of  ossification  in  the  manubrmm,  then  4  to  13  in  pairs  in 
The  bodv  and  1  in  the  ensiform  process.  Each  rib  has  a  centre  of  ossification  in  its  body  at 
ihe  2mi'inonth,  and  at  the  8th  to  14th  one  in  the  tubercle  and  another  in  the  head.  These 
Jnchylose  at  the  14th  to  25th  year.    Sometimes  cervical  ribs  are  present  m  man,  and  they  are 

^"'&S-lt"cii  extends  forwards  into  the  axial  part  of  the  base  to  the  sphenoid  bone 
The  skXat  first  is  memhranous,  or  the  primordial  cranium;  at  the  2nd  mouth  the  basal 
noi  tion  becomes  cartilaginous,  including  the  occipital  bone,  except  the  upper  half,  the  anterior 
Td  rsterior  part  and  wings  of  the  sphenoid  bone,  the  petrous  part  and  mastoid  process  of  the 
ImnoTal  bone  the  ethmoid  with  the  nasal  septum,  and  the  cartilaginous  part  of  the  nose.  The 
otS  iarts  of  th^sl^^   remain  membranous:  so  that  there  is  a  cartilaginous  and  membranous 

pnmordial^^^^^^^^  has  a  centre  of  ossification  in  the  basilar  part  at  the  3rd  month  and 

nnPin  the  condyloid  part  and  another  in  the  fossa  cerebelli,  while  there  are  two  centi^s  in  tl  e 
rmbiatrcSS  The  four  centres  of  the  -body  unite  during  intra-uterine  hfe.  All 

^^^^n^^TKo^t:;^^^^^^^^  tt%Tmonth  it  has  two  centres  in.the  sella  turcica  t^o  m 

thf  sulcus  Lroticus,  two  in  both  gi-eat  wings,  which  also  form  the  lamina  externa  of  the  pterj- 
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goid  process,  while  the  ^^n.^^^W^ji^^ 

synchondrosis  spheno-ocoijitalis,  are  sti  1  cartilaginous,  but  they  "'^.^S,^* 

ni  The  pre-splienoid  at  the  8th  month  has  two  centres  in  the  small  wings  a"<i  two  111  tlie  DOtty, 
At  the  6th  month  they  unite,  but  cartilage  is  still  found  witlan  them  even  J  l^ttyea^^^^^^ 

rv  The  ethmoid  has  a  centre  in  the  labyrinth  at  the  5th  month,  then  m  the  1st  year  a  centie 
in  the  central  lamina.    They  unite  about  the  5th  or  6th  year.  ^,,,.^„„:, ,  .n-acess  (one 

V  AmoiK^st  the  membranouB  bones  are  the  inner  lamina  of  the  pterygoid  piocess  (one 
centre),  the  upper  half  of  the  tabular  plate  of  the  occipital  (two  points),  the  parietal  bone  (one 
centre  in  the  parietal  eminence),  the  frontal  bone  (one  double  centre  in  the  frontal  eminence), 
three  small  centres  in  the  nasal  spine,  spina  trochlearis  and  zygomatic  process,  nasal  (one 
centre),  the  edges  of  the  parietal  bones  (one  centre),  the  tympanic  ring  (one  centre),  the 
lachrymal,  vomer,  and  intermaxillary  bone.  ^       ,       ,.  ,      ,  ^ 

The  facial  bones  are  intimately  related  to  the  transformations  of  the  branchial  arches  a.nd 
Imnchial  clefts  (fig.  671).  The  median  end  of  the  first  branchial  arch  projects  inwards  from 
each  side  towards  the  large  oral  aperture.  It  has  two  pro-  J 
cesses,  the  superior  maxillary  process  which  gi-ows  more 
laterally  towards  the  side  of  the  mouth,  and  the  inferior 
maxillary  process,  which  surrounds  the  lower  margin  of 
the  mouth  (fig.  665,  IX).  From  above  downwards  there 
grows  as  an  elongation  of  the  basis  cranii  the  frontal  pro- 
cess (s),  a  broad  process  with  a  point  (y)  at  its  lower  and 
outer  angle,  the  inner  nasal  process.  The  frontal  and  the 
superior  maxillary  processes  (?■)  unite  with  each  other  in 
such  a  way  that  the  former  projects  between  the  two  latter. 
At  the  same  time  there  is  anchylosed  with  the  superior 
maxillary  process  the  small  external  nasal  process  (n),  a 
prolongation  of  the  lateral  part  of  the  skull,  and  lying 
above  the  superior  maxillary  process.  Between  the  latter 
and  the  outer  nasal  process  is  a  slit  leading  to  the  eye  {a). 
Thus  the  mouth  is  cut  off  from  the  nasal  apertures  which 
lie  above  it.  But  the  separation  is  continued  also  within 
the  mouth  ;  the  superior  maxillary  process  produces  the 

ir<.s,i)-sri.^s';:^Jt  ;t;zfi'*?ra  H3.<i..r     ...ut  ot  lo  days 

to  the  upper  jaw.  The  intermaxillary  bone,  which  in 
many  animals  remains  as  a  separate  bone  (os  incisivum), 
carries  the  incisor  teeth.  At  the  9th  week  the  hard  palate 
is  closed,  and  on  it  rests  the  septum  of  the  nose,  descend- 
ing vertically  from  the  frontal  process.  The  lower  jaw  is 
formed  from  the  inferior  maxillary  process.  At  the  circum- 
ference of  the  oral  aperture  the  lips  and  the  alveolar  walls 
are  formed.  The  tongue  is  formed  behind  the  point  of  the 
union  of  the  second  and  third  branchial  arches  (His);  while, 
according  to  Born,  it  is  formed  by  an  intermediate  part  between  the  inferior  maxillary  processes. 
These  transformations  may  be  interrupted.    If  the  frontal  process  remains  separate  from  the 


(  X  12).  a,  eye  ;  at,  atrium  or 
primitive  auricle  of  heart ;  b,  aortic 
bulb  ;  K',  K",  K'",  first  (mandi- 
bular), second  (liyoid),  third  (1st 
branchial)  visceral  arch ;  ^(t,  mouth; 
s,  superior,  and  ii,  inferior  max- 
illai-y  process  ;  s,  mid-brain  ;  v, 
part  of  head  and  fore-brain  ;  v, 
ventricle  of  heart. 


cr 


Fig.  672.  Fig.  673. 

Fig.  672. — Hare  lip  on  the  left  side.  Fig.  673. — Inner  view  of  the  lower  jaw  of  an  embryo  pig 
3  inches  long  (  x  3^).  mk,  Meckel's  cartilage  ;  d,  dentary  bone  ;  cr,  coronoid  process  ;  ar, 
articular  process  (condyle) ;  ag,  angular  process  ;  ml,  malleus  ;  mb,  manubrium. 

superior  maxillary  processes,  then  the  mouth  is  not  separated  from  the  nose.  This  separation 
may  occur  only  in  the  soft  parts,  constituting  hare-lip  (fig.  672)  ;  or  it  may  involve  the  hard 
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jialato,  constituting  cleft  palate.  Both  conditions  may  occur  on  one  or  both  sides.  From  the 
posterior  part  of  the  first  briinchial  arcli  are  formed  tlic  malleus  (ossified  at  tlie  4th  month),  and 
Meckel's  cartilage  (fig.  673),  which  iirocoeds  from  the  latter  beliind  tlie  tympanic  ring  as  a 
Ion"  cartihi"inous  process,  extending  along  the  inner  side  of  tlic  lower  jaw,  almost  to  its  middle. 
It  ttisappears  after  the  6th  month  ;  still  its  posterior  part  forms  the  ijiternal  lateral  ligament  of 
the  maxillary  articulation.  Near  where  it  leaves  the  malleus  is  the  processus  Folii  {Bcvumulkr). 
A  part  of  its  median  end  ossifies,  and  unites  with  the  lower  jaw.  Ihe  lower  jaw  is  laid  down  in 
membrane  from  the  ih'st  branchial  arch,  while  the  angle  and  condyle  are  formed  from  u 
cartilaginous  process.  The  union  of  both  bones  to  form  the  chin  occurs  at  the  1st  year.  From 
the  superior  maxillary  process  are  formed  the  inner  lamella  of  the  pterygoid  process,  the  palatine 
process  of  the  upper  jaw,  and  the  palatine  bone  at  the  end  of  the  2nd  month,  and  lastly  the 

malar  bone.  ,  ,  ,  ,        .  n  ,  ^, 

The  second  arch  \_hyoid],  arising  trom  the  temporal  bone,  and  running  parallel  with  tlie 
first  arch,  gives  rise  to  the  stapes  (although  according  to  Salensky,  this  is  derived  from  the  first 
arch),  the  emineutia  pyramidalis,  with  the  stapedius  muscle,  the  incus,  the  styloid  process  of 
the  temporal  bone,  the  (formerly  cartilaginous)  stylohyoid  ligament,  the  smaller  cornu  of  the 
hyoid  bone,  and  lastly  the  glosso-palatine  arch  {His).  , 

The  third  arch  {thyro-hyoid)  forms  the  greater  cornu  and  body  of  the  hyoid  bone  and  the 
pharyngo-palatine  arch  {His). 

The  fourth  arch  gives  rise  to  the  thyroid  cartilage  {His).  . 

Branchial  Clefts.— The  first  branchial  or  visceral  is  represented  by  the  external  auditory 
meatus  the  tympanic  cavity,  and  the  Eustachian  tube  ;  all  the  other  clefts  close.  Should  one 
or  other  of  the  clefts  remain  open,  a  condition  that  is  sometimes  hereditary  m  some  families,  a 
cervical  fistula  results,  and  it  may  be  formed  either  from  without  or  within.  Sometimes  only 
a  blind  diverticulum  remains.    Branchiogenic  tumours  and  cysts  depend  upon  the  branchial 

arches  {B.  Volkmann).  ,       ,   ^,  ^  .i.     ^  cj.  •    e     i.  e 

[Eelation  of  Branchial  Clefts  to  Nerves.— It  is  important  to  note  that  the  clefts  in  tiont  of 
the  mouth  (pre-oral),  and  those  behind  it  (post-oral),  have  a  relation  to  certain  nerves,  ihe 
lachrymal  slit  between  the  frontal  and  nasal  processes  is  supplied  by  the  first  chvuwn  of 
the  trmeviimis.  The  nasal  slit  between  the  superior  maxillary  process  and  the  nasal  process  is 
sunnlied  by  the  bifurcation  of  the  third  nerve.  The  oval  cleft,  between  the  superior  maxillary 
processes  and  the  mandibular  arch,  is  supplied  by  the  secmid  and  thv>-d  divisions  of  the  tnge- 
nnviiiis.  The  first  post-oral  or  tympanic-Eustachian  cleft,  between  the  mandibular  arch  (1st) 
and  the  hyoid  arch,  is  supplied  by  the  portio  dura.  The  next  cleft  is  supplied  by  the  glosso- 
vharvnqeal,  and  the  succeeding  clefts  by  branches  of  the  vagtis.) 

The  thviiius  and  thyroid  gMnds  are  formed  as  paired  diverticula  from  the  epithelium  cover- 
ins  the  branchial  arches.  The  epithelium  of  the  last  two  clefts  does  not  disappear  pig),  but 
proliferates  and  pushes  inwards  cylindrical  processes,  which  develop  into  two  epithelial  vesicles 
the  paired  commencement  of  the  thyroid  glands.  These  vesicles  have  a  fir.st  a  central  slit 
which  communicates  with  the  pharynx  (  Wolfier).  According  to  His,  the  thyroid  g  and  ^^ppears 
as  an  epithelial  vesicle  in  the  region  of  the  2nd  pair  of  visceral  arches  in  front  of  the  tongue- 
fn  man  a  the  4th  week.  Solid  buds,  which  ultimately  become  hollow  are  given  off  from  the 
.avTty  in  the  centre  of  the  embryonic  thyroid  gland.  The  two  glands  ultimately  unite  together. 
The  onTy  epithelial  part  of  thl  thymus  which  remains  is  the  so-called  concentnc  corpuscles 
(n  154)  According  to  Born,  this  gland  is  a  diverticulum  from  the  3rd  cleft,  ^InleHis  ascribes 
iS  origin  to  Ae  Sh^and  5th  Aortic  Irches  in  man  at  the  4th  week.  The  carotid  gland  is  of 
eoithelial  origin,  being  a  variety  of  the  thyroid  (/S^zfifirt).     .         ,  ,        ,  ci«\„i,„„ 

^ThrExSitLe8.-The  origin  and  course  of  the  nerves  of  the  brachial  plexus  (p  616)  show 
that  theVir  exfeviity  was°origiually  placed  much  nearer  to  the  cranium  while  the  position 
of  the  »osSor  pair  corr  esponds  to  the  last  lumbar  and  the  3rd  or  4th  sacral  vertebne  |ff!^). 

The  cSle  ^accordhig  to  Bruch,  is  not  a  membrane  bone,  but  is  formed  in  cartilage  like 
thlMZ  y^Tn^fgenhaur).  At  the  2nd  month  it  is  four  times  as  large  as  the  upper 
iTmb  it  isThe  first  bone  to  ossify  at  the  7th  week.  At  pubei^y  a  sternal  epiphysis  is  formed. 
ESstm^l  bones  must  be  referred  to  the  clavicles  (Gotte).  Ruge  regards  pieces  of  cartda-es 
eSng  betweS  the  clavicle  and  the  sternum  as  the  analogues  of  the  episternum  o  animals^ 
Thfckvicle  is  absent  in  many  mammals  (carnivora) ;  it  is  very  arge  in  flying  animals,  and  in 
the  rabb  t  is  half  membranous.    The  furculum  of  birds  represents  the  united  clavicles 

united  Sh  thr2ernuni   while  in  man  only  a  membranous  band  stretches  from  the  ip  of  the 

two  or  three  in  the  acromion,  one  in  the  articular  surface,  and  an  inconstant  one  in  tue  spine. 

Complete  consolidation  occurs  at  puberty.  „i,„ff    Tho  ntli«r  rentres  are— one  in 

The  humerus  ossifies  at  the  8th  to  the  9th  week  in  its  shaft.    The  othei  centres  are-one.  m 


DEVELOPMENT  OF  THE  BONES  OF  THE  LIMBS. 


88i 


the 
in  th 


upper  epiphysis,  and  one  in  the  capitellum  (1st  year) ;  one  in  the  great  tuberosity  and  one 
hISlTberosity  (2nd  year) ;  tw'o  in  the  condyles  (5th  to  10th  year  ;  one  in  the  trochlea 
n2i-h  vparl     The  epiphyses  unite  with  the  shaft  at  the  16th  to  20th  yeai. 

The' rn^us  oStiXff'the  shaft  at  the  3rd  mouth.    The  other  centres  -^-^-l-fXro^^^^^^^ 
epiphysis  (5tli  year),  one  in  the  upper  (6th  year),  and  an  inconstant  one  in  the  tubeiosity,  and 
one  in  the  styloid  process.    Tliey  unite  at  puberty.     ,      ^,       .  ,     .       ^  ,  ,„„„  . 

The  ulna  also  ossifies  in  the  shaft  at  the  3rd  month.  There  is  a  centre  m  the  lower  end 
(6th  year),  two  in  the  olecranon  (11th  to  14th  year),  and  an  inconstant  one  in  the  coronoid 
process,  and  one  in  the  styloid  process.    They  consolidate  at  puberty.       .  , 

The  carpus  is  arranged  in  mammals  in  two  rows.  The  first  row  contains  three  bones— tlie 
radial,  intermediate,  and  ulnar  hones.  In  man  these  are  represented  by  the  scaphoid,  semi- 
lunar, and  cuneiform  bones  ;  the  pisiform  is  only  a  sesamoid  bone  in  the  tendon  ot  the 
flexor  carpi  ulnaris.  The  second  row  really  consists  of  as  many  bones  as  there  are  digits  {e.g., 
salamander).  In  man  the  common  position  of  the  4th  and  5th  fingers  is  represented  by  the 
unciform  bone.  Morphologically,  it  is  interestmg  to  observe  that  an  os  centrals,  corresponding 
to  the  OS  carpale  centrale  of  reptiles,  amphibians,  and  some  mammals,  is  formed  at  first,_  but 
disappears  at  the  3rd  month,  or  unites  with  the  scaphoid.  Only  in  very  rare  cases  is  it 
persistent.  All  the  carpal  bones  are  cartilaginous  at  birth.  They  ossify  as  follows  :— O.s 
magnum,  unciform  (1st  year),  cuneiform 
(3rd  year),  trapezinm,  semilunar  (5th  year), 
scaphoid  (6th  year),  trapezoid  (7th  year), 
and  pisiform  (12th  year). 

The  metacarpal  bones  have  a  centre  in 
their  diaphyses  at  the  end  of  the  3rd 
month,  and  so  have  the  phalanges.  All 
the  phalanges  and  the  first  bone  of  the 
thumb  have  their  cartilaginous  epiphyses 
at  the  central  end,  and  the  other  metacarpal 
bones  at  the  peripheral  end,  so  that  the 
first  bone  of  the  thumb  is  to  be  regarded 
as  a  phalanx.  The  epiphyses  of  the  meta- 
carpal bones  ossify  at  the  2nd,  and  those 
of  the  phalanges  at  the  3rd  year.  They 
consolidate  at  puberty. 

The  innominate  bone,  when  carti- 
laginous, consists  of  two  parts — -the  pubis 
and  the  ischium  (Eoseiiberg).  Ossification 
begins  with  three  centres — one  in  the  ilium 
(3rd  to  4th  month),  one  in  the  descending 
ramus  of  the  ischium  (4th  to  5th  month), 
one  in  the  horizontal  ramus  of  the  pubis 
(5th  to  7th  month).  Between  the  6th  to 
the  14th  year,  three  centres  are  formed 
where  the  bodies  of  the  three  bones  meet 
in  the  acetabulum,  another  in  the  super- 
ficies auricularis,  and  one  in  the  symphysis. 
Other  accessory  centres  are  : — One  in  the 
anterior  inferior  spine,  the  crests  of  the 
ilium,  the  tuberosity  and  the  spine  of  the  Centres  of  ossification  of  the  innominate  bone, 
ischium,  the  tuberculum  pubis,  eminentia  iliopectinea,  and  floor  of  the  acetabulum.  At  first 
the  descending  ramus  of  the  pubis  and  the  ascending  ramus  of  the  ischium  unite  at  the  7th 
to  8th  year;  the  Y-shaped  suture  in  the  acetabulum  remains  until  puberty  (fig.  674). 

The  femur  has  its  middle  centre  at  the  end  of  the  2nd  month.  At  birth,  there  is  a  centre  in 
the  lower  epiphysis  ;  slightly  later  in  the  head.  In  addition,  there  is  one  in  the  great 
trochanter  (3rd  to  11th  year),  one  in  the  lesser  trochanter  (13th  to  14th  year),  two  in  the  con- 
dyles (4th  to  8th  year) ;  all  unite  about  the  time  of  puberty.  The  patella  is  a  sesamoid  bone  in 
the  tendon  of  the  quadriceps  femoris.  It  is  cartilaginous  at  the  2nd  month,  and  ossifies  from 
the  1st  to  the  3rd  year. 

The  tarsus  generally  resembles  the  carpus.  The  os  calcis  ossifies  at  the  beginning  of  the  7th 
nionth,  the  astragalus  at  the  beginning  of  the  8th  month,  the  cuboid  at  the  end  of  the  10th, 
the  scaphoid  (1st  to  5th  year),  the  I.  and  II.  cuneiform  (3rd  year),  and  the  III.  cuneiform  (4th 
year)  An  accessory  centre  is  formed  in  the  heel  of  the  calcaneum  at  the  5th  to  10th  year, 
which  consolidates  at  puberty. 

The  metatarsal  bones  are  formed  like  the  metacarpals,  only  later. 

[Histogenesis  of  Bone.— The  great  majority  of  our  bones  are  laid  down  in  cartilage,  or  are 
preceded  by  a  cartilaginous  stage,  including  the  bones  of  the  limbs,  backbone,  base  of  the  skull, 
sternum,  and  riDs.    These  consist  of  solid  masses  of  hyaline  cartilage  covered  by  a  membrane, 
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wliicli  is  identical  with  and  ultiniatoly  becomes  the  periosteum.  The  formation  of  bone,  wlien 
preceded  by  cartihige,  is  called  endochondral  bone.  Soiiio  Ijoiies,  such  as  the  tabular  bones  of 
the  vault  of  the  cranium,  the  I'acial  bones,  and  part  of  the  lower  jaw,  are  not  pi'eceded  by 
cartilage.  In  the  latter  there  is  merely  u  membrane  present,  while  from  and  in  it  the  future  bone 
is  formed.  It  becomes  the  future  periosteum  as  well.  This  is  called  tlio  intra-membranouB 
or  periosteal  mode  of  formation.] 

[Endochondral  Formation. — (1)  The  cartilage  has  the  shape  of  the  future  bone  only  in 
miniature,  and  it  is  covered  with  periosteum.  In  the  cartilage  an  opacpie  spot  or  centre  of 
ossilicatiou  appears,  due  to  the  deposition  of  lime-salts  in  its  matrix.  The  cartilage  cells 
proliferate  in  this  area,  but  the  first  bone  is  formed  under  the  periosteum  in  the  shaft,  so 
that  an  osseous  case  like  a  mu(f  surrounds  the  cartilage.  This  bone  is  formed  by  the  sub- 
periosteal osteoblasts.  (2)  Blood-vessels,  accompanied  by  osteol)lasts  and  connective-tissue, 
grow  into  the  cartilage  from  the  osteogenic  layer  of  the  periosteum  {periosleal  procesHcs  of 
Virchow),  so  that  the  cartilage  becomes  channelled  and  vasciUar.  As  these  channels  extend  they 
open  into  the  already  enlarged  cartilage  lacuniE,  absorption  of  the  matrix  taking  place,  while 
other  parts  of  the  cartilaginous  matrix  become  calcified.  Thus  a  series  of  cavities,  bounded  by 
calcified  cartilage — the  primary  medullary  cavities — arc  formed.  They  contain  the  primary  or 
cartilage  marrow,  consisting  of  blood-vessels,  osteoblasts,  and  osteoclasts,  carried  in  from  the  osteo- 
genic layer  of  the  periosteum,  and  of  course  the  cartilage  cells  that  have  been  liberated  from  their 
lacunas.  (3)  The  osteoblasts  are  now  in  the  interior  of  the  cartilage,  where  they  disjiose  them- 
selves on  the  calcified  cartilage,  and  secrete  or  form  around  them  an  osseous  matrix,  thus  enclosing 
the  calcified  cartilage,  while  the  osteoblasts  themselves  become  embedded  in  the  products  of  their 
own  activity  and  remain  as  bone-corpuscles.  Bone  therefore  is  at  first  spongy  bone,  and  as  the 
primary  medullary  spaces  gradually  become  filled  up  by  new  osseous  matter  it  becomes  denser, 
whUe  the  calcified  cartilage  is  gradually  absorbed.  It  is  to  be  remembered  that,  ^jctrt  passu 
with  the  deposition  of  the  new  bone,  bone  and  cartilage  are  being  absorbed  by  the  osteoclasta.] 

Chemical  Composition  of  Bone. — Dry  bone  contains  J  of  organic  matter  or  ossein,  from  which 
gelatin  can  be  extracted  by  prolonged  boiling  ;  and  about  |  mineral  matter,  which  consists  of 
neutral  calcic  phosphate,  57  per  cent. ;  calcic  carbonate,  7  per  cent. ;  magnesic  phosphate,  1  to 
•2  per  cent. ;  calcic  fluoride,  1  per  cent. ,  with  traces  of  chlorine ;  and  water,  about  23  per  cent 
The  marrow  contains  fluid  fat,  albumin,  hypoxanthin,  cholesterin,  and  extractives.  The  red 
marrow  contains  more  iron,  corresponding  to  its  larger  proportion  of  haemoglobin  {Naspe). 

[The  medullary  cavity  of  a  long  bone  is  occupied  by  yellow  marrow,  which  contains  about 
96  per  cent,  of  fat.  The  red  marrow  occurs  in  the  ends  of  long  bones,  in  the  flat  bones  of  the 
skull,  and  in  some  short  bones.  It  contains  very  little  fat,  and  is  really  lymphoid  in  its 
characters,  being,  in  fact,  a  Mood-fonning  tissue  (p.,  12).] 

Growth  of  Bones. — Long  bones  grow  in  thickness  by  the  deposition  of  new  bone  from  the 
periosteum,  the  osteoblasts  becoming  embedded  in  the  osseous  matrix  to  form  the  lonc-cori)usclcs. 
Some  of  the  fibres  of  the  connective-tissue,  which  are  caught  up,  as  it  were,  in  the  process, 
remain  as  Shai-pey's  fibres,  which  are  calcified  fibres  of  white  fibrous  tissue,  bolting  together  the 
peripheric  lamellfe.  [Miiller  and  Schiifer  have  shown  that  there  are  also  fibres  in  the  peripheric 
lamelliB,  comparable  to  yellow  elastic  fibres  ;  they  branch,  stain  deeply  with  magenta,  and  are 
best  developed  in  the  bones  of  birds.  ]  ,     ,   i  •  -u 

[At  the  same  time  that  bone  is  being  deposited  on  the  surface,  it  is  being  absorbed  in  the 
marrow  cavity  by  the  action  of  the  osteoclasts,  so  that  a  metallic  ring  placed  round  a  bone  in  a 
young  animal  ultimately  comes  to  lie  in  the  medullary  c&Y\ty  {Dulmmel).  The  growth  in 
length  takes  place  by  the  continual  growth  and  ossification  of  the  epiphysial  cartilage.  The 
cartilage  is  gradually  absorbed  from  below,  but  it  proliferates  at  the  same  time,  so  that  what  is 
lost  in  one  direction  is  more  than  made  up  in  the  other  (/.  if iMiier).  ,    •,•    i    •  ^.v 

When  the  growth  of  bone  is  at  an  end,  the  epiphysis  becomes  united  to  the  diaphysis,  the 
epiphysial  cartilage  itself  becoming  ossified.  It  is  not  definitely  proved  whether  there  is  an 
interstitial  expansion  or  growth  of  the  true  osseous  substance  itself,  as  maintained  by  Wolff 
(§  244,  9). 

[Howship's  Lacunae.— The  osteoclasts  or  myeloplaxes  are  large  niultinuclear  giant-cells, 
which  erode  bone.  They  can  be  seen  in  great  numbers  lying  in  small  depressions  corresponding 
to  them— Howship's  lacunae— on  the  fang  of  a  temporary  tooth,  when  it  is  being  absorbed. 
They  are  readily  seen  in  a  microscopical  section  of  spongy  bones  with  the  soft  parts  preserved.] 

The  form  of  a  bone  is  influenced  by  external  conditions.  The  bones  are  stronger  the  greater 
the  activity  of  the  muscles  acting  on  them.  If  pressure  acting  normally  upon  a  bone  be 
removed  the  bone  develops  in  the  direction  of  least  resistance,  and  becomes  thicker  in  that 
direction.  Bone  develops  more  slowly  on  the  side  of  the  greatest  external  pressure,  and  it  is 
curved  by  unilateral  pressure  (Lesshaft). 

448  DEVELOPMENT  OF  THE  VASCULAR  SYSTEM.— Heart. —[The  heart  appears  as  a 
solid  mass  of  cells  in  the  splanchnopleure,  at  the  front  end  of  the  embryo,  immediately  under 
the  "  fore-gut."  Very  soon  a  cavity  appears  in  this  mass  of  cells  ;  some  o  the  latter  tlo.it  Iree 
in  the  flufd,  while  the  cellular  wall  liegins  to  pulsate  rhythmically.    Ihis  hollow  cellular 
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c+rn^fnvo  nlnnaatps  into  a  tulie  which  very  soon  assumes  a  shape  somewhat  like  an  S  (fig.  675  1)], 

subdivided  into  (.)  an  -VV^rj^^^V^^^"^ 

faLt  anrsHghtiy  b^^^^^  tJe  arterial  end.  On  tl^e  ight  and  left  side,  respectively  ot  he 
venous  part  is  a°blind  hollow  outgrowth,  which  forms  the  large  auric  e  011  -^^^^^  f  JM^-  j^'.,"/^ 
The  flexure  of  the  body  of  the  heart  corresponding  to  the  great  curvature  (2,  F)  is  d  yideU  1  Uo 
two  large  compartments  (3),  the  division  being'  indicated  by  a  s  ight  depression  on 
The  la|e  truncus  venosus  (4,  v),  which  joins  with  the  middle  ot  the  posterior  wall  "f  «  « 
auricular  part,  is  composed  of  the  superior  and  nferior  vena3  cava^  This  common  t^iunk  s 
absorbed  at  a  later  period  into  the  enlarging  auricle,  and  thus  arise  the  separate  terminations 
of  the  superior  and  inferior  ven^iJ  cavaj.  In  man  the  heart  soon  conies  to  lie  in  a  ^pecia U^^vjty 
which  ia  part  is  bounded  by  a  portion  of  the  diaphragm  (His)  At  the  4th  to  5tli  week  tlie  hear  t 
begins  to  be  divided  into  a  rig'ht  and  a  left  half.  _  Corresponding  to  the  position  of  the  vei-tacal 
ventricular  furrow,  a  septum  gi-ows  upwards  vertically  m  the  interior  of  the  heart,  and  divides 


Fig.  675 


Development  of  the  heart.  1,  Early  appearance  of  the  heart— a,  aortic  part,  with  the  bulbus, 
h  ;  V,  venous  end.  2,  Horse-shoe  shaped  curving  of  the  heart — a,  aortic  end,  with  the 
bulbus,  b  ;  V,  ventricle  ;  A,  auricular  part.  3,  Formation  of  the  auricular  appendages, 
0,  Oi,  and' the  external  furrow  in  the  ventricle.  4,  Commencing  division  of  the  aorta, 
p,  into  two  tubes,  a.  5,  View  from  behind  of  the  opened  auricle,  v,  v,  into  the  L,  and 
E,  ventricles,  and  between  the  two  latter  the  projecting  ventricular  septum,  while  the  aorta 
(a)  and  pulmonary  artery  {p)  open  into  their  respective  ventricles.  6,  Relation  of  the 
orifices  of  the  superior  (Cs)  and  inferior  vena  cava  (Gi)  to  the  auricle  (schematic  view  from 
above)—.');,  direction  of  the  blood  of  the  superior  vena  cava  into  the  right  auricle  ;  y,  that  of 
tlie  interior  cava  to  the  left  auricle  ;  tL,  tubercle  of  Lower.  7,  Heart  of  the  ripe  foetus— 7?, 
right,  L,  left  ventricle  ;  a,  aorta,  with  the  innominate,  c,  c,  carotid,  c,  and  left  subclavian 
artery,  s  ;  B,  ductus  arteriosus  ;  p,  pulmonary  artery,  with  the  small  branches  1  and  3,  to 
the  lungs. 

the  ventricular  part  into  a  right  and  left  ventricle  (5,  E,  L).  There  is  a  constriction  in  the 
heart,  between  the  auricular  and  ventricular  portions,  forming  the  canalis  auricularis.  It 
contains  a  communication  between  the  auricle  and  both  ventricles,  lying  between  an  anterior 
and  posterior  projecting  lip  of  endothelium,  from  which  the  auriculo-ventricular  valves  are 
formed  {F.  Schmidt).  The  ventricular  septum  grows  upwards  towards  the  canalis  auricularis, 
and  is  complete  at  the  8th  week.  Thus,  the  large  undivided  auricle  communicates  by  a  right 
and  left  auriculo-ventricular  opening  with  the  corresponding  ventricle  (5).  At  the  same  time 
two  septa  (4,  p  a)  appear  in  the  interior  of  the  truncus  arteriosus  (4,  p),  which  ultimately  meet, 
and  thus  divide  this  tube  into  two  tubes  (5,  a  2)),  the  latter  forming  the  aorta  and  pulmonary 
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artery,  and.  are  disposed  towards  each  other  like  the  tubes  in  u  double-barrelled  gun.  The 
septuiu  grows  downwards  until  it  meets  the  ventricular  sejituni  (5),  so  that  the  right  ventricle 
conies  to  bo  connected  with  the  pulmonary  artery,  and  the  left  with  the  aorta.  The  division  of 
the  truncus  arteriosus,  ho\\  ever,  takes  place  only  in  the  first  jjart  of  its  course.  The  division 
does  not  take  place  above,  so  that  the  pulmonary  artery  and  aorta  unite  in  one  common  trunk 
above.  Tiiis  communication  between  the  pulmonary  artery  and  the  aorta  is  the  ducttiB 
arteriosns  Botalli  (7,  B). 

In  the  auricle  a  septum  grows  from  the  front  and  behind,  ending  internally  with  a  concave 
margin.  The  vena  cava  superior  (6,  Cs)  tormiuates  to  the  right  of  this  fold,  so  that  its  blood 
will  tend  to  go  towards  the  right  ventricle,  in  the  direction  of  the  arrow  in  6,  x.  The  cava 
inferior,  on  the  other  hand  (6,  Ci),  opens  directly  opposite  the  fold.  On  the  left  of  its  orifice 
the  valve  of  the  foramen  ovale  is  formed  by  a  fold  growing  towards  the  auricular  fold,  so  that 
the  blood-current  from  the  inferior  vena  cava  goes  only  to  the  left,  in  the  direction  of  the 
arrow,  y  ;  on  the  right  of  the  orifice  of  the  cava,  and  opposite  the  fold,  is  the  Eustachian  valve, 
which,  in  conjunction  with  the  tubercle  of  Lower  {tL),  directs  the  stream  from  the  inferior 
vena  cava  to  the  left  into  the  left  auricle,  through  the  pervious  foramen  ovale.  Compare  the 
fcctal  circulation  (p.  876).  After  birth,  the  valve  of  the  foramen  ovale  closes  that  aperture, 
while  the  ductus  arteriosus  also  becomes  impervious,  so  that  the  blood  of  the  pulmonary  artery 
is  forced  to  go  through  the  pulmonary  branches  proceeding  to  the  expanding  lungs.  Some- 
times the  foramen  ovale  remains  pervious,  giving  rise  to  serious  symptoms  after  a  time,  and 
constituting  morbus  cemleus. 

Arteries.— With  the  formation  of  the  branchial  arches  and  clefts,  the  number  of  aortic  arches 
on  each  side  becomes  increased  to  5  (fig.  676),  which  run  above  and  below  each  branchial  cleft, 

1. 


Fig.  676. 

The  aortic  arches.    1.  The  first  position  of  the  1,  2,  and  3  arches.    2.  5  aortic  arches  ;  tu, 
common  aortic  trunk  ;  ad,  descending  aorta.    3.  Disappearance  of  the  upper  two  arches  on 
each  side— 5',  subclavian  artery  ;  v,  vertebral  artery ;  ax,  axillary  artery.    4.  Transition 
to  the  final  stage— P,  pulmonary  artery  ;  A,  aorta  ;  dB,  ductus  arteriosus  {Botalli)  ;  .S 
right  subclavian,  united  with  the  right  common  carotid,  which  divides  into  the  internal 
(Ci)  and  external  carotid  {Oe)  ;  ax,  axillary  ;  v,  vertebral  artery, 
in  a  branchial  arch,  and  then  all  reunite  behind  in  a  common  descending  trunk  (2,  ad)  {Ratlihc). 
These  blood-vessels  remain  only  in  animals  that  breathe  by  gills.    In  man,  the  upper  t^vo 
arches  disappear  completely  (3).     When  the  truncus  arteriosus  divides  into  the  pulmonary 
artery  and  the  aorta  (4,  P,  A),  the  lowest  arch  on  the  left  side,  with  its  origin,  forms  the 
pulmonary  artery  (4),  and  it  springs  from  the  right  side  of  the  heart.    Of  these  the  left  lowest 
arch  forms  the  ductus  arteriosus  {dB),  and  from  the  commencement  of  the  latter  proceed  tne 
pulmonary  branches  of  the  pulmonary  artery.   Of  the  remaining  arches  which  are  united  with  the 
aorta,  the  left  middle  one  {i.e.,  the  fourth  left)  forms  the  permanent  aortic  arch  into  which  the 
ductus  arteriosus  opens,  while  the  right  one  (fourth)  forms  the  subclavian  artery;  the  thim 
arch  forms  on  each  side  the  origin  of  the  carotids  {Ci,  Ce).    The  arteries  of  the  first  and  second 
circulations  have  been  referred  to  already  (p.  870).    When  the  umbilical  vesicle   w-ith  its 
primary  circulation,  diminishes,  only  one  omphalo-mesenterie  artery  is  present,  wliicU  givte 
i  branch  to  the  intestine.    At  a  later  period,  the  omphalo-mesenterie  arteries  atrophy,  wliile 
the  artery  to  the  intestine— the  superior  mesenteric— becomes  the  largest  of  aU,  it  oein^ 
originally  derived  from  one  of  the  omphalo-mesenterie  arteries.  ,    „  ..  fwn 

Veins  of  the  Body.— The  veins  first  formed  in  the  body  of  the  embryo  itself  are  the  two 
cardinal  veins  ;  on  each  side  an  anterior  (fig.  677,  I,  cs),  and  a  posterior  («),  ^™>cli  proceed 
towards  the  heart  and  unite  on  each  side  to  form  a  large  trunk,  the  duct  of  Cuvier  (^O.  )  c 
passes  into  the  venous  part  of  the  heart.  The  anterior  cardinal  veins  give  "A 
veins  {bh)  and  the  common  jugular  veins,  which  divide  into  the  external  ^I^)  .'''''^  Y^^X- 
{Ji)  iugular  veins.  In  addition,  there  is  a  transverse  aiut^toviosing  branch  passing  "Wiquux 
from  the  left  (where  it  divides)  to  the  right,  which  joins  their  trunk  lower  down.    In  the  hual 
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av.a.gen.cut  (II)  this  anastomosis  (As)  ^~;^,S.,Se1^5-t/ 
while^vith  the  gro^vth  of  the  at-ni.  the  s^^^^^^^^^^ 

the  jugular  vein  changes,  the  iuteiml  jugulai(./  en  bryonic  size  is  retained. 

entrance  to  the  pelvis,  and  on  each  side 
goes  into  the  point  of  division  of  tlie 
cardinal  veins.  There  is  also  a  trans- 
verse ascending  anastomosis  between  the 
right  and  left  cardinal  veins.  For  the 
linal  arrangement,  the  cava  inferior  (II, 
Ci)  dilates,  and  with  it  the  hypogastric 
and  external  iliac  vein  on  each  side.  The 
right  cardinal  vein  remains  very  small 
{Vena  azygos,  Az),  and  also  the  lower 
part  from  the  left  one  to  the  transverse 
anastomosis.  The  latter  itself  also  re- 
mains very  small  ( Vena  hemiazygos,  Ez). 
On  the  other  hand,  the  upper  part  above 
the  anastomosis  to  the  duct  of  Cuvier 
disappears.  Lastly,  the  common  large 
venous  trunk  is  so  absorbed  into  the  wall 
of  the  auricle  ( V)  that  both  vente  cavre 
have  each  a  separate  orifice  (p.  876). 
The  embryonic  condition  of  the  veins 
persists  in  fishes. 

Veins  of  the  FirSt  and  Second  Circu- 
lation, and  Portal  System.  — The  two 
omphalo-mesenteric  veins  {om,  o/ijopen 
into  the  posterior  or  venous  end  of  the 
tubular  heart  (fig.  678,  1,  H).  The  right 
vein,  however,  disappears  very  soon.  As 
soon  as  the  allantois  is  formed,  the  two 
umbilical  veins  join  the  truncus  venosus 
(1,  w,  ^tj.  At  first  the  omphalo-mesen- 
teric veins  are  larger  than  the  umbilical  _ 
veins  •  at  a  later  period  this  is  reversed,  and  the  right  umbilical  vein  disappears.  As  soon  as 
veins  are  foi-med  within  the  body  proper  of  the  embryo,  the  inferior  cava  also  opens  into  the 


I 


Fig.  677. 

First  appearance  of  the  veins  of  the  embryo.  II, 
Their  transformations  to  form  the  final  arrange- 
ment. 


om 


om. 


Fig.  678. 

Development  of  the  veins  and  portal  system.  H,  heart ;  U,  L,  right  and  left  side  of  the  body; 
mn,  right  omphalo-mesenteric  vein  ;  om^,  left;  u,  right  umbilical  vein  ;  u-^,  left ;  Ci,  vena 
cava  inferior  ;  a,  venoe  advehentes  ;  venaj  revehentes ;  D,  intestine  :  m,  mesenteric 
vein  ;  4,  I,  splenic  vein  ;  2,  I,  liver. 

truncus  venosus  (2,  Ci).    Gradually,  the  umbilical  vein  (2,  «i)  becomes  the  chief  trunk,  while 
the  small  omphalo-mesenteric  (2,  om^)  carries  little  blood. 
Portal  System. — The  umbilical  and  omphalo-mesenteric  veins  pass  in  part  direc  tly  under  the 
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liver  to  rench  the  heart.  They  send  branches— carrying  arterial  blood — to  the  liver,  and  the 
latter  grows  round  those  vessels.  These  branches  are  the  venro  advehentes  (2  and  3,  a).  The 
blood  circulating  through  the  liver  from  the  vensu  advehentes  is  returned  by  other  veins,  the 
venae  revehentes  (2  and  3,  r),  which  reunite  at  the  Idunt  margin  of  the  liver  with  the  chief 
trunk  of  the  umbilical  vein.  The  undiilical  vein  (3,  'U^)  and  the  onqihalo-mesenteric  vein 
(3,  ovii)  anastomose  in  the  liver.  "When  the  intestine  develo^m  (3,  D),  the  mesenteric 
vein  (vi)  opens  into  the  omphalo-mescnteric  vein,  and  the  splenic  vein  as  well  (4,  I), 
when  the  spleen  is  formed.  At  a  later  period,  when  the  omphalo-mesenteric  vein  (4,  om{} 
disappears,  the  vein  from  the.  intestine  now  becomes  the  common  trunk  of  the  previously 
united  vessels.  It  unites  in  the  liver  with  the  umbilical  vein  to  form  the  trunk  of  the  vena 
portm.  When,  after  birth,  the  umbilical  vein  disappears  (4,  Uj),  the  mesenteric  alone  remains 
as  the  portal  vein.  As  the  ductus  venosus  is  obliterated,  the  portal  vein  must  send  its  blood 
through  the  liver,  and  thus  the  portal  circulation  is  completed. 

449.  FOEMATION  OF  THE  INTESTINAL  CANAL,— The  primitive  intestine,  or  gut, 
consists  of  a  straight  tube  proceeding  from  the  head  to  the  tail.  The  vitelline^duct  is  inserted 
at  that  point,  which  at  a  later  period  corresponds  to  the  lower  part  of  the  ileum.  At  the  4th 
week  the  tube  makes  a  slight  bend  toward  the  umbilicus  (fig.  679,  I).    As  already  mentioned, 

the  vitelline  duct 
is  obliterated,  re- 
maining only  for  a 
time  as  a  thread 
attached  to  the  in- 
testine, being  still 
visible  at  the  3rd 
month.  Sometimes 
it  re  mains  as  a  short 
blind  tube  com- 
municating with 
the  intestine.  This 
is  the  so-calleii 
' '  true  intestinal 
diverticulum" ;  oc- 
casionally a  cord 

Fig.  679.  Fig.  680.  — the  obliterated 


Fig.  679.— Development  of  the  intestine,  v,  stomach;  o,  insertion  of  the  omphalo - mesente- 
vitelline  duct ;  Ismail  intestine;  c,  colon.;  r,  rectum.  Fig.  680. — For- 
mation of  the  lungs.  A,  Diverticula  of  the  lungs  as  double  sacs — k, 
mesoblastic  layer  ;  I,  hypoblastic  layer  ;  in,  stomach ;  s,  oesophagus.  B, 
Further  branching  of  the  lungs — t,  ti'acliea  ;  b,  e,  bronchi ;  /,  projecting 
vesicles. 


ric  vessels — passes 
from  it  to  the  um- 
bilicus. In  very 
rare  cases,  the  duct 
may  remain  open 
as  far  as  the  um- 
bilicus, forming  a  congenital  fistula  of  the  ileum,  or  it  may  give  rise  to  cystic  formations  (31. 
Hoth).  In  a  human  foetus  at  the  4th  week,  His  distinguished  the  cavity  of  the  mouth,  pharynx, 
oesophagus,  stomach,  duodenum,  mesenterial  intestine,  and  the  hind-gut,  with  the  cloaca.  The 
intestine  then  forms  the  first  coil  (fig.  679,  II)  by  rotating  on  itself  at  the  intestinal  umbilicus, 
so  that  the  lower  part  of  the  intestine  lying  next  the  knee-like  bend  comes  to  lie  above,  while 
the  upper  part  lies  below.  From  the  lower  part  of  this  loop,  there  proceed  the  coils  of  the 
small  intestine  (III,  t),  which  gradually  gi-ow  longer.  From  the  upper  limb  of  the  loop, 
which  also  elongates,  the  large  intestine  is  formed  ;  first  the  descending  colon,  then  by  elonga- 
tion the  transverse  colon,  and  lastly  the  ascending  colon. 

Glands. — By  diverticula,  or  protrusions  from  the  intestine,  the  various  glands  are  formed. 
The  cells  of  the  hypoblast  proliferate  and  take  part  in  the  process,  as  they  form  the  secretory 
cells  of  the  glands,  while  the  mesoblastic  part  of  the  splanchnopleure  forms  the  membranes  of 
the  glands,  giving  them  their  shaj)e.    The  diverticula  are  as  follows : — 

1.  The  salivary  glands,  which  grow  out  from  the  oral  cavity  at  first  as  simple  solid  buds, 
but  afterwards  become  hollow  and  branched.  [The  salivary  glands  are  developed  from  the 
epiblast  lining  the  mouth  (stomodieum).] 

2.  The  lungs,  which  arise  as  two  separate  hollow  buds  (fig.  680,  A,  2),  and  ultimately  have 
only  one  common  duct,  are  protrusions  from  the  oesophagus.  The  upper  part  of  the  united 
tracheal  tube  forms  the  larynx.  The  epiglottis  and  the  thyroid  cartilage  originate  from  the 
part  which  forms  the  tongue  {Gangliofner).  The  two  hollow  spheres  gi'ow  and  ramify  like 
branched  tubular  glands  with  hollow  processes  (B,  /).  In  the  first  period  of  development,  there 
is  no  essential  difference  between  the  epithelium  of  the  bronchi  and  that  of  the  jirimitiye  an  - 
vesicles  (S'ticda).  The  spleen  and  suprarenal  capsules,  however,  are  not  developed  in  this  way. 
The  former  arises  in  a  fold  of  the  mesogastrium  at  the  2nd  month  (ZTis) ;  the  latter  are  origm 
ally  larger  than  the  kidneys. 


DEVELOPMENT  OF  THE  KEPEODUCTIVE  ORGANS. 


887 


8.  The  pancreas  arises  in  the  same  way  as  the  salivary  glands,  bnt  is  not  visible  at  the  4th 
"?'SS  Hver  begins  very  early,  and  appears  as  a  diverticulum,  with  two  hollo. p^mitivc  lunatic 
ducts,  which  branch  and  form  J  JJJ 

bile-ducts.  At  their  periphery 
they  penetrate  between  the  sohd 
masses  of  cells— the  liver-cells— 
which  are  derived  from  the  liypo- 
blast.  At  the  2nd  month  the 
liver  is  a  large  organ,  and  secretes 
at  the  3rd  mouth  (§  182). 

5.  In  birds  two  small  blind 
sacs  are  formed  from  the  hind-gut. 

6.  The  fcetal  respiratory  organ, 
the  allantois,  is  treated  of  speci- 
ally (§  444). 

Peritoneum  and  Mesentery. — 
The  inner  surface  of  the  ccelom, 
or  body-cavity,  the  surface  of  the 
intestine,  and  its  mesentery  are 
covered  by  a  serous  coat — the 
peritoneum.  At  first  the  simple 
intestine  is  contained  in  a  fold, 
or  duplicature  of  the  peritoneum ; 
on  the  stomach,  which  is  merely 
at  first  a  spindle-shaped  dilata- 
tion of  the  tube  placed  vertically, 
it  is  called  mesogastrium.  After- 
wards, the  stomach  turns  on  its 
side,  so  that  the  left  surface  is 
directed  fonvards  and  the  right 
backwards.  Thus,  the  insertion 
of  the  mesogastrium,  which  ori- 
ginally was  directed  backwards  (to  „  .  •  /•  4.1, 
the  vertebral  column),  is  directed  to  the  left ;  the  line  of  insertion  forming  the  region  of  the 


Fig.  681. 

Formation  of  the  omentum.  I  and  U.—7ig,  gastro-hepatic 
ligament  ;  m,  great,  n,  lesser  curvature  of  the  stoma,ch  ; 
s,  posterior,  and  i,  anterior  fold  or  plate  of  the  omentum  ; 
mc,  mesocolon;  c,  colon.  III.— A  liver;  t,  small  intes- 
tine ;  b,  mesentery  ;  p,  pancreas ;  d,  duodenum  ;  r,  rectum  ; 
N",  great  omentum. 


Fig.  682 


Development  of  the  internal  generative  organs.  I. ,  Undifferentiated  condition — D,  reproductive 
gland,  lying  on  the  tubules  of  the  Wolffian  body  ;  W,  Wolffian  duct ;  M,  Miillerian  duct ; 
S,  uro-genital  sinus.  II.,  Transformations  in  the  female— F,  fimbria,  with  the  hydatid, 
h^;  T,  Fallopian  tube  ;  II,  uterus  ;  S,  uro-genital  sinus  ;  0,  ovary  ;  P,  parovarium.  III., 
Transformations  in  the  male— H,  testis  ;  E,  epididymis,  with  the  hydatid,  h  ;  a,  vas 
aberrans  ;  V,  vas  deferens  ;  S,  uro-genital  sinus  ;  lo,  male  uterus.  4,  d,  hind-gut  ;  a, 
allantois  ;  u,  urachus  ;  K,  cloaca.  5,  M,  rectum  ;  m,  perineum  ;  b,  position  of  the  bladder; 
S,  uro-genital  sinus. 

great  cui-vature,  which  becomes  still  more  curved.  From  the  great  curvature,  the  mesogastrium 
becomes  elongated  like  a  pouch  (fig.  681,  I  and  II,  s,  i),  constituting  the  omeutal  sac,  which  • 
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extends  so  far  downwards  as  to  pass  over  the  ti'ansverse  colon  and  the  loops  of  the  small  intestine 
(III,  JV).  As  tlic  DKvsogastriuni  originally  consists  of  two  iilates,  of  course  tlie  omentum  must 
consist  of  four  plates.  At  the  4th  month,  the  posterior  surface  of  tlie  omental  sac  unites  with 
the  surface  of  the  transverse  colon  {Joh.  MUller), 

450.  UBINARY  AND  GENERATIVE  ORGANS.— Urinary  apparatus. —The  first  indica- 
tion of  this  a])paratus  occurs  in  tlic  chick  at  the  2n(l  day  and  in  tlie  rabbit  at  the  9th,  as  tlie 
ducts  of  tlu^  primitive  kidneys  or  Wolffian  ducts  (fig.  682,  1,  W),  which  are  formed  from  some 
cells  nuipi)ed  olf  from  the  lateral  plate  above  and  to  the  side  of  the  protovertebne,  and  extending 
from  the  fifth  to  the  last  vertebra.  The  ducts  are  solid  at  first,  but  soon  become  hollow,  and 
from  their  cavities  there  extend  laterally  a  series  of  small  tubes,  whicli  in  tlie  chick  comnmni- 
cate  ft-eely  with  the  peritoneal  cavity  {KolUlcer).  Into  one  end  of  each  of  these  tubes  grows  a 
tuft  of  blood-vessels  forming  a  structure  resembling  the  glomeruli  of  the  kidney.  The  tubes 
elongate,  form  convolutions,  and  increase  in  number.  The  upper  end  of  the  Wolffian  duct  is 
tilosed  at  first,  its  lower  end,  which  lies  in  a  projecting  fold— the  ))lica  urogenitalis  of  Waldeyer 
— in  the  peritoneal  cavity,  opens  into  the  uro-genital  sinus.  Close  above  the  orifice  of  tlie 
Wolflian  duct  appears  the  ui'cter  as  the  duct  of  the  kidney.  The  duct  elongates,  and  branches 
at  its  npper  end.  Each  canal  at  its  end  is  like  a  stalked  caoutchouc  sac  [Toldl),  and  into  it 
there  grow  the  already  formed  glomeruli.  The  duct  of  the  kidney  opens  independently  into 
the  uro-genital  sinus,  and  forms  the  ureter.  The  part  where  the  branching  of  the  duct  stops 
foxnis  the  pelvis  of  the  kidney,  and  the  branches  themselves  the  renal  tubules.    Toldt  found 

■  —  —  Malpighian  corpuscles  in  the  human  kidney  at  the 

2nd  month,  and  Henle's  loops  at  the  4th.  The  first 
appearance  of  the  urinary  bladder  is  at  the  4  th  week 
{iSis),  and  is  more  distinct  at  the  ^iid  month,  as 
the  dilated  first  part  of  the  allantois  (fig.  682).  The 
ui5per  part  of  the  allantois  remains  as  the  obliterated 
urachus,  in  the  middle  vesicle  ligament. 

Internal  Reproductive  Organs.  —In  front  of  and 
internal  to  the  Wolffian  bodies,  there  arises  in  the 
mesoblast  the  elongated  reproductive  gland,  germ- 
ridge,  or  mass  of  germ- epithelium  (fig.  682,  I,  D), 
whicli  in  both  sexes  is  originally  alike  (fig.  683,  K,  E). 
In  addition,  there  is  formed  a  canal  or  duct  parallel  to 
the  Wolffian  duct  (W^),  which  also  opens  into  the 
uro-genital  sinus  ;  this  is  Miiller's  duct  (M).  The 
elevation  of  the  future  reproductive  gland  is  covered 
originally  by  germ-epithelinm  {Waldeyer).  The 
upper  end  of  the  Miillerian  duct  opens  free  into  the 
abdominal  cavity,  while  the  lower  ends  of  both  ducts 
unite  for  a  distance.  Some  of  the  germinal  cells 
covering  the  surface  of  the  future  ovary  enlarge  to 
form  ova,  and  sink  into  the  stroma  to  form  ova  em- 
bedded in  their  Graafian  follicles  (§  433)  (fig.  683). 
In  the  female,  the  Miillerian  ducts  form  the  Fal- 
lopian tube  (II,  T),  and  the  lower  united  ends  the 
uterus. 

„  ,  T  1-1        In  the  male,  the  germ-epithelium  is  not  so  tall. 

Section  of  mammalian  ovary  showing  de-  According  to  Waldevir,  thef-e  are  two  kinds  of  tubes 
velopment  of  ova  and  their  fol  icles  ^^^^  Wolffian  bodies,  and  some  of  these  peneti-ate 
El,  Eipe  ovum  ;  G,  follicular  cells  of  ^j^^  reproductive  gland.    These  tubes, 

germinal  epithelium  ;  cj,  blood-vessels;  ^^j^j^j^  ^^.^  connected  with  the  Wolffian  ducts,  be- 
K,  germinal  vesicle  and  spot ;   KE,  ^^^^  ^he  seminiferous  tubules  (t'.  Wittich),  and  the 

Wolffian  duct  itself  becomes  the  vas  deferens,  with 
the  vesiculffi  seminales.     According  to  some  other 


germinal  epithelium  ;  Lf,  liquor  folli- 
culi ;  Mg,  membrana  granulosa  ;  Mj}, 


zona  pellucida;  P,S',  ingrowths  from  observers,  however,  tubes  which  become  the  semi- 

niferous  tubules,  are  developed  within  the  reproduc- 
tive gland  itself,  and  these  tubes  lined  with  their 
germ-epithelium  ultimately  form  a  connection  with 


germinal  ejiithelium,  ovai'ian  tubes,  by 
means  of  which  some  of  the  nests  retain 
their  connection  with  the  epithelium 
S  cavity  which  appears  within  the  ^h;'woiflian  ducts' 
Graafian  follicle ;  So,  stroma  of  ovary ; 
Tf,  Theca  foUiculi  or  ovi-capsule ;  U, 
primative  ova. 


The  Miillerian  ducts,  which  are  really  the  ducts 
of  the  reproductive  glands,  disappear  in  man,  all 
except  the  lowest  part,  which  becomes  the  male 
uterus  or  vesicula  prostatica  (III,  xCj—iha  homologue  of  the  uterus.  The  uiiper  tubules  of  the 
Wolffian  body  unite  at  the  3rd  month  with  the  reproductive  gland  (which  has  now  become  the 
body  of  the  testis),  and  become  the  coni  vasculosi  of  the  epididymis,  which  are  lined  by  ciliated 
epithelium  (E) ;  the  remainder  of  the  Wolffian  body  disappears.    Some  detached  tubules  form 
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it  as  the  mdi.uent  of  the  male  ovary     The  orgnn  of  ?he  vesicute  sen.inales  a^o 

^'VlrJ J?^oSt:Mt3S  Pelvi.  unite  to  fonn 

^  Tn™eiTt  !Zfo'^fwom.n  bodies  cHsappeav  f  1^^^^^^^^^ 

n  The  same  is  the  case  with  the  Wolffian  ducts.  In  some  animals  (ruminants,  pig,  cat,  and 
fox)  they  remain  permanently  as  the  ducts  of  Gaertner  ■poilnnian  tube 

The  MiiUerian  duct  is  frayed  out  at  its  upper  end  to  form  the  fimbna^  of  the  i<ailopian  tuoe 
and     fs  ften  pr^^^^^^  a  hydatid  (A^f  That  part  of  the  ^vo-gemtal  sinr^  into  wh^ch  ^ 

four  ducts  open  grows  above  into  a  hollow  sphere  which  forms  the  y^ag>"%£'tw^^ 
ing  to  Thiersch  and  Leuckart,  however,  the  two  MuUerian  ducts  u^^^.f*        J^^/J^^'fTf  , 
form  the  united  uterus  (U)  and  vagina,  while  their  free  upper  ends  form  « ,^/,^/lXTbelo^^^  the 
The  Miillerian  ducts  at  iirst  open  into  the  posterior  part  of  the  urinary  bladder  below  tne 
meters  (uro-^^^^^^^^^  S),  wfiile  ultimatelj^  this  part  of  the  bladder  «° 

posteriorly  that  the  vagina  (the  united  Miillerian  ducts)  and  the  urethra  a^;? 
aeeplv  within  the  vestibule  of  the  vagina.    At  the  3rd  to  the  4th  month,  the  uterus  and 
vagna  aTe  not  separate  from  each  othe?,  but  at  the  5th  to  the  6th  month  the  uterus  is  defined 

^'°^e  tes^Siie  originally  in  the  lumbar  region  of  the  abdominal  cavity  (fig.  684  V,  «),  and 
are  carried  by  a  fold  of  the  peritoneum-the  mesorchium  (m).  From  the  hilum  of  the  test  de 
a  cord  the  ^bemaculum  testis,  runs  through  the  inguinal  canal  into  the  base  of  the  sciotum. 
At  the  same  time  a  septum-like  process  is  developed  independently  from  the  peritoneum  to  the 
base  of  the  scrotum  {pv).  The  testicle  passes  through  the  inguinal  canal  into  the  scrotum,  but 
the  mechanism  and  the  cause  of  the  descent  are  not  accurately  ascertained. —[Descent  ot  testis, 

^  "rhe  ovaries  also  descend  somewhat.  The  round  ligament  of  the  uterus  corresponds  to  the 
aubernaculum  testis.  A  process  of  the  peritoneum  passes  in  the  female  into  the  inguinal  canal 
as  Nuck's  canal.    It  is  rare  to  find  the  ovaries  descending  into  the  labia  majora. 

[The  origin  of  the  urinary  and  generative  organs  is  undoubtedly  associated  with  the  develop- 
ment of  the  Wolffian  bodies.  The  researches  of  Semper  and  Balfour  on  elasmobranch  hshes 
show  that  the  process  is  a  very  complex  one.  There  is  a  mass  of  cells  on  each  side  of  the  verte- 
bral column,  which  is  divided  into  three  parts,  the  first  called  the  pronephros,  or  head-kidney 
of  Balfour  and  Sedgwick,  the  middle  one,  the  mesonephros  or  Wolffian  body,  and  the  posterior 
one  or  metanephros,  which  is  formed  after  the  other  two,  gives  origin  to  the  permanent  kidney 
in  the  ainniota.  The  Miillerian  duct  is  connected  with  the  pronephros,  the  Wolffian  duct  with 
the  mesonephros,  and  the  ureter  with  the  metanephros.] 

[The  following  table,  modified  from  Quaiu,  shows  the  destiny  of  these  structures  :— 

MiiLLBBiAN  Ducts  (Ducts  of  the  Pronephros). 
Female.  Male._ 
Fallopian  tubes.  Hydatid  of  Morgagni. 

Hydatid.  Male  uterus. 

Uterus  and  vagina. 

Wolffian  Bodies  (Mesonephros). 
Parovarium.  Vasa  efferentia,  Coni  vasculosi. 

Paroophoron.  Organ  of  Giraldes,  Vasa  aberrantia. 

Bound  ligament  of  the  uterus.  Gubernaculum  testis. 

Wolffian  Ducts. 
Chief  tube  of  parovarium.  Convoluted  tube  of  epididymis. 

Ducts  of  Gaertner.  Vas  deferens  and  vesiculiE  seminales. 

Metanephros. 
Kidney.  Ureter.] 

The  external  genitals  are  at  first  not  distinguishable  in  the  two  sexes  (fig.  684,  I).  At  the 
4th  week,  there  is  merely  an  orifice  at  the  posterior  extremity  of  the  trunk,  representing  both  the 
anus  and  the  opening  of  the  urachus,  and  forming  a  cloaca  (fig.  682,  4,  K).  In  front  of  this  an 
elevation — the  genital  eminence — appears  about  the  6th  week,  and  on  each  side  of  the  orifice  a 
large  cutaneous  elevation  (//,  w).  At  the  end  of  the  2nd  month,  there  is  a  groove  on  the  under 
surface  of  the  genital  eminence,  leading  back  to  the  cloaca,  and  with  distinct  walls  bounding  it 
(//,  r).    At  the  middle  of  the  3rd  month,  the  cloacal  opening  is  divided  by  the  growth  of  the 
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poriiicuni,  betvceu  tho  iirnchus  (now  become  the  uriaary  bladder)  (lig.  682,  5,  I)  and  the 
rectum  (M). 

In  the  male,  tho  genital  eminence  enlarges,  its  groove  deepens  from  the  opening  of  the 
bladder  onwards  to  the  apex  of  the  elevation  at  the  10th  week.    The  two  edges  unite  to  enclose 


Fig.  684. 

Development  of  the  external  genitals.    /.  and  //.—Genital  eminence  ;  r,  genital  groove  ; 
coccyx  ;  w,  cutaneous  elevations.    IV.— P,  penis  ;  R,  raphe  penis  ;  ,9,  scrotum.  III.— 
c,  clitoris  ;  I,  labia  minora  ;  /,  labia  majora  ;  a,  anus.     V.  and  F/.— Descent  of  the 
testicle  ;  t,  testis  ;  m,  mesorchium  ;  pv,  processus  vaginalis  of  the  peritoneum ;  M,  ab- 
dominal wall ;  S,  scrotum. 

the  groove  which  becomes  the  urethra.  When  this  does  not  take  place,  hypospadias  occurs. 
At  the  4th  month  the  glans,  and  at  the  6th  the  prepuce,  are  formed.  The  large  cutaneous 
folds  meet  in  the  middle  line  or  raphe  to  form  the  scrotum. 

In  the  female,  the  undifferentiated  condition  remains  to  a  certain  extent  permanent.  The 
•small  genital  eminence  remains  as  the  clitoris,  the  margins  of  its  furrow  become  the  nymphse, 
the  cutaneous  elevations  remain  separate  to  form  the  labia  majora.    The  uro-genital  sinus 

A 

Fig.  685.  Fig.  '686.  Fig.  687.  Fig.  688. 

Fig.  685.— R,  rectum  continuous  with  the  allantois  (ALL— bladder)  ;  M,  duct  of  Miiller 
(vagina)  ;  A,  depression  of  skin  below  genital  eminence,  growing  inwards  to  form  the 
vulva.  Fig.  686. — The  depression  has  become  continuous  with  the  rectum  and  allantois 
to  form  the  cloaca  (CL).  Fig.  687.— The  cloaca  is  becoming  divided  into  uro-genital 
sinus  (SU)  and  anus  by  the  downward  growth  of  the  perineal  septum.  The  ducts  of  Miiller 
are  united  to  form  the  vagina  (V).    Fig.  688. —Perineum  completely  formed. 

remains  short  as  the  vestibule  of  the  vagina,  while  in  man,  by  the  closing  of  the  genital  groove, 
it  has  a  long  additional  tube,  the  urethra.  [The  accompanying  illustrations,  after  Schroeder, 
show  the  changes  of  the  external  organs  of  generation  in  the  female.  In  the  early  period  (6th 
week),  the  hind-gut  (fig.  685,  R),  allantois  (ALL),  and  the  Miillerian  ducts  (M)  communicate, 
but  not  with  the  exterior.  About  the  10th  week  a  depression  or  inflection  of  the  skin  takes 
place,  genital  cleft,  until  it  meets  the  hind-gut  and  allantois,  whereby  the  cloaca  (fig.  686,  CL) 
is  formed.  The  cloaca  is  then  divided  into  an  anterior  part,  the  uro-genital  sinus,  into  w-hich 
the  Miillerian  ducts  open,  and  a  posterior  part,  the  anus.  There  is  a  downw^ird  giwvth  of  the 
tissue  between  the  hind-gut  and  the  allantois  to  form  the  perineum  (fig.  687).  The  uro-genital 
sinus  then  contracts  at  its  upper  part  to  fomi  the  short  urethra,  its  lower  part  remaining  as  the 
vestibule  (fig.  688,  SV),  while  the  vagina  has  been  formed  by  the  union  of  the  lower  parts  of 
the  two  MiTllerian  ducts.    The  bladder  (B)  is  the  expanded  lower  end  of  the  stalk  of  the 

allantois.]  •   •   i      ^  • 

The  caufles  of  the  difference  of  sex  are  by  no  means  well  known.  From  a  statistical  .inalysis 
of  80,000  cases,  the  influence  of  the  nge  of  the  parents  has  been  shown  by  Hofacker  and 
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that  all  external  conditions  during  development  are  ■without  ellect  on  the  cteteiniinaLi 
sex,  so  that  the  latter  would  seem  to  be  determined  before  impregnation. 

AK1  FORMATION  OF  THE  CENTEAL  NERVOUS  SYSTEM. —Fore-brain. -At  each  side 
of  dieilb™  fnteL;  c7^^^  vesicle,  .-hich  is  covered  externally  by  epiblast  and  in- 
ternally  by  the  ependyma,  there 
grows  out  a  large  stalked  hollow 
vesicle,  the  rudiment  of  the  cere- 
bral hemispheres.  The  relatively 
wide  opening  in  the  stalk,  or  com- 
munication, ultimately  becomes 
very  small,  and  is  the  foramen  of 
Monro.  The  middle  part  between 
the  two  cerebral  vesicles  remains 
small,  and  is  the  'tween  or  inter- 
brain  with  the  3rd  ventricle  in  its 
interior.  It  elongates  at  the  second 
month  towards  the  base  of  the  brain 
as  a  funnel-shaped  projection,  to 
form  the  tuber  cinereum  with  the 
infundibuUim.  The  thalami  optici, 
projecting  and  enlarging  from  the 
sides  of  the  3rd  ventricle,  narrow 
the  foramen  of  Monro  to  a  semi- 
lunar slit.  At  the  base  of  the  brain 
are  formed,  in  the  2nd  month,  the 
corpora  albicantia,  at  the  3rd  the 
chiasma ;  while  within  the  3rd  ven- 
tricle the  commissures  are  formed. 
The  hypophysis,  belonging  to  the 

mid -brain,  is  a  diverticulum  of  the  „  ,    ,  " .     r  1        i  o.t 

nasal  mucous  membrane,  extending  Transverse  section  of  the  1.-^7°  ^ 


long  ;  X  10.  a,  cartilage  of  orbito-sphenoid  ;  c,  peduncu- 
lar fibres  ;  ch,  optic  chiasm  ;  /,  median  cerebral  fissure  ; 
7i,  cerebral  hemispheres,  with  a  convolution  upon  their 
inner  wall,  projecting  into  the  lateral  ventricle,  I ;  in, 
foramen  of  Monro  ;  0,  optic  nerve ;  p,  pharynx ; 
lateral  plexus  ;  s,  termination  of  the  median  fissure, 
which  forms  the  roof  of  the  third  ventricle  ;  sa,  body 
of  the  anterior  sphenoid  ;  st,  corpus  striatum  ;  t,  third 
ventricle  ;  th,  anterior  deep  portion  of  the  optic  thalamus 
{KoUiker). 


through  the  base  of  the  skull  to 
wards  the  hollow  infundibulum, 
which  grows  to  meet  it  (fig.  505, 
T).  There  is,  as  it  were,  a  tend- 
ency to  the  union  of  the  cavity  of 
the  fore-gut  with  the  medullary 
tube.  In  the  amphioxus  (Koioal- 
ewshy),  goose  (Gasscr),  and  lizard 
Istrahl)  the  medullary  tube  com- 
municated originally  with  the  hind- 
gut  by  the  canalis  myeloentericus.  ,  ,  .1  r  t 
The  choroid  plexus,  which  grows  into  the  ventricles  of  the  hemispheres  through  the  foramen  o 
Monro,  is  a  vascular  development  of  the  ependyma.  At  the  4th  month,  the  conarmm  (pineal 
gland)  is  formed,  and  at  this  time  the  corpora  quadrigemina  cover  the  hemispheres.  The  corpora 
striata  begin  to  be  developed  in  the  cerebral  (lateral)  ventricle  at  the  2nd  month,  while  the  cornu 
ammonis  is  formed  at  the  4th  month.  [The  external  walls  and  floor  of  the  primitively  simple 
central  hemispheres  become  much  thickened,  the  thickenings  in  the  floor  constitute  the  corpora 
striata,  which  protrude  into  the  lateral  ventricles,  their  position  being  indicated  on  the 
surface  of  the  brain  by  the  Sylvian  fissure.  As  they  extend  backwards,  they  become  con- 
nected with  the  optic  thalami  (fig.  689,  st,  th).  The  corpora  striata  are  connected  together  by 
the  anterior  commissure.  From  the  inner  wall  of  each  hemisphere,  there  grow  into  each 
lateral  ventricle  two  projections  ;  the  upper  one  forms  the  hippocampus  major  or  cornu 
ammonis  (fig.  689,  h),  while  the  lower  one  becomes  folded,  remains  thin,  receives  numerous 
blood-vessels  from  the  falx  cerebri,  and  forms  the  choroid  plexus  (fig.  689,  ;)Z).]  At  the  3rd 
month  the  Sylvian  fissure  is  formed,  and  the  basis  of  the  island  of  Reil.  The  permanent 
cerebral  convolutions  are  formed  from  the  7th  month  onwards. 

The  mid-brain,  or  middle  cerebral  vesicle,  is  gradually  covered  over  by  the  backward  growth 
of  the  hemispheres  ;  its  cavity  forms  the  aqueduct  of  Sylvius  (fig.  690).  Depressions  appear 
on  the  surface  of  the  vesicle  to  divide  it  into  four,  the  corpora  quadrigemina,  in  birds  into 
two,  the  corpora  iDigemina  (fig.  690,  bg),  the  longitudinal  depression  being  formed  at  the  3rd, 
and  the  transverse  one  at  the  7tli  month.  The  cerebral  peduncle  is  formed  by  a  thickening 
in  the  base  of  this  vesicle. 
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la  the  hind-brain  are  found  the  cerebellar  hemispheres,  which  gi'ow  backwards  to  meet  in 
the  middle  lino.  The  vermis  is  formed  at  the  7th  month.  The  cerebellum  covers  in  the  part 
of  the  medullary  tube  lying  below  it,  which  is  not  closed,  as  far  as  the  calamus.  The  ponB 
arises  in  tlio  Hoor  of  the  hind-brain  at  the  3rd  month. 

The  s])indlo-sl»apod  narrow  after-brain  forms  the  medulla  oblongata,  with  the  opening  of 
the  medullary  tube  in  its  upper  jDart. 

[The  following  table,  from  Quain,  shows  the  destiny  of  each  cerebral  vesicle  : — 


Anterior 
Vesicle, 


II. 


in. 


Middle 
Vesicle, 

Posterior 
Vesicle, 


Primary 


Primary  f  3. 


Primary 


Proscnceplmlon,   ,  . 
(fore-brain) 

i  2.  ThalamencepJialon,  . 
1^     (inter  or 'tween  brain) 

Mesencephalon,  .  . 
[  (mid-brain) 

4.  Epenceplialon, .    .  . 

(hind-brain) 
6.  Metencepltalon,    ,  . 
(after-brain) 


1 


! Cerebral  hemispheres,  corpora  striata, 
corpus    callosum,    fornix,  lateral 
ventricles,  olfactory  bulb. 
Thalarai  optici,  pineal  gland,  pitui- 
tary body,  crura  cerebri,  aqueduct 
of  Sylviu.s,  optic  nerve. 
Corpora  quadrigemina,  cruri  cerebri, 
,    aqueduct  of  Sylvius,  optic  nerve 
1^  (secondarily). 
.  (  Cerebellum,  pons,  anterior  part  of 

\   the  fourtli  ventricle. 
.  /  Medulla  oblongata,  fourth  ventricle, 
\  auditory  nerve. 


Spinal  Cord. — The  spinal  cord  is  developed  from  the  medullary  tube  behind  the  medulla 
oblongata,  first  the  grey  matter  around  the  canal,  while  the  white  matter  is  added  afterwards 

outside  this.    The  ganglionic  cells  increase 
by  division  in  amphibians  {LominsJcy),  At 
first  the  spinal  cord  reaches  to  the  coccyx. 
In  the  adult,  the  spinal  cord  reaches  only 
to  the  1st  or  2nd  lumbar  vertebrre,  so  that 
it  does  not  elongate  so  much  as  the  verte- 
bras can.    It  is  a  question  how  far  this  want 
of  harmony  in  the  development  of  these 
two  structures  may  lead  to  disturbances  of 
sensibility  or  paralysis  of  the  lower  limbs  in 
children.    The  first  muscles  are  formed  in 
the  back  at  the  2nd  month  ;  at  the  4th 
month  they  are  red.    The  spinal  ganglia 
are  fonned  from  a  special  strip  of  epiblastic 
cells.    They  are  seen  at  the  4th  week,  and 
so  are  the  anterior  spinal  roots  and  some  of 
the  trunks  of  the  spinal  nerves,  while  the 
posterior  roots  are  still  absent.    At  this 
period  the  ganglia  of  the  5tli,  7th,  8th,  9th, 
and  10th  nerves  and  part  of  their  origins 
are  present,  while  the  1st,  2nd,  3rd,  and 
12th  nerves  and  the  sympathetic  are  not 
yet  far  differentiated  (His).  The  peripheral 
nerves  gi'ow  out  from  the  ganglia  of  the 
spinal  cord  (first  the  motor  and  afterwards 
tlae  sensory  nerves),  and  penetrate  into  the 
other  parts  of  the  body  {His).     At  first 
they  are  devoid  of  myelin. 

452.  THE  SENSE  OEGANS. — Eye. — The  primai-y  optic  vesicle  grows  out  from  the  fore- 
brain  towards  the  outer  coveiing  of  the  head  or  epiblast,  and  soon  becomes  folded  in  on  itself 
(4th  week),  so  that  the  stalked  optic  vesicle  is  shaped  like  an  egg-cup  (fig.  691,  I).  The  cavity 
in  the  interior  of  this  cup  is  called  the  secondary  optic  vesicle.  The  inflected  part  becomes 
the  retina  (IV,  r),  while  the  posterior  part  becomes  the  choroidal  epithelium  (IV,  p).  The 
stalk  becomes  the  optic  nerve.  At  the  under  surface  of  the  depression  there  is  a  slit--the 
choroidal  fissure— which  permits  some  of  the  mesoblast  to  gain  access  to  the  interior  of  the 
eye.  This  slit  forms  the  coloboma  (II);  it  is  prolonged  backward  on  the  stalk,  and  contains 
the'  central  artery  of  the  retina.  The  margins  of  the  coloboma  afterwards  unite  completely 
with  each  other,  but  in  some  rare  conditions  this  does  not  take  place,  in  which  case  we  have  to 
deal  with  a  coloboma  of  the  choroid  or  retina,  as  the  case  may  be.  In  the  bird  the  embryonic 
coloboma  slit  does  not  close  up,  but  a  vascular  process  of  the  mesoblast  dips  into  it,  and  passes 
into  the  eye  to  form  the  pecten  (p.  796).  The  same  is  the  case  in  fishes,  whore^ there  is  a  large 
vascular  process  of  the  meso-  and  epiblast  forming  the  processus  falciformis  (p.  796). 

The  depression  or  inflection  of  the  optic  vesicle  is  due  to  the  downgrowth  into  it  of  a 


Fig.  690. 

Diagi-am  of  an  embryonic  fowl's  brain,  ac,  an- 
terior commissure;  amv,  anterior  medullary 
velum,  and  below  it  the  aqueduct  of  Sylvius 
and  the  cerebral  peduncles  ;  ha,  basilar  artery  ; 
hg,  corpora  bigemina ;  cai,  internal  carotid 
artery ;  cbl,  cerebellum  ;  cli?,  ch*,  choroid  plexuses 
of  the  third  and  fourth  ventricles  ;  h,  cerebral 
hemispheres ;  inf,  infundibulum  ;  U,  lamina 
terminalis ;  li,  lateral  ventricle ;  obi,  medulla 
oblongata  ;  oJf,  olfactory  lobe  and  nerve ;  ope, 
optic  commissure  ;  pin,  pineal  gland  ;  pitui- 
tary body  ;  ps,  pons  Varolii ;  r,  floor  of  fourth  ven- 
tricle ;  st,  corpus  striatum  ;  v^,  third  ventricle ; 
■v\  fourth  ventricle  {Quain,  after  Milialkovics). 
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•n   wT  T  ^     Tt      hollow  and  as  it  grows  inwardb  ultimately  becomes 
thickening  of  the  epiblast  (I,  L).        '^Vto  fom  lens,  so  that  the  lens  is  epi- 

spherical  and  separated  from  the  "^if    *  "cutici^^    structure  formed  from  the  epiblast. 

b\astic  in  its  origin,  while  the  ^  f^i S  of  the  lens  ultimately  becomes  the 

That  part  of.the  epiblast  which  coveis  the  v  s  clc      t  i^^aginated  optic  vesicle  is 

stratified  epithelium  of  the  cornea    ^he  the  iris,  wheS  the  latter  is  formed, 

applied  to  the  ciliary  body,  and  tl'Vl^°^*"^';'„X\Se  of  tlL  choroid,  sclerotic,  and  cornea  is 
The  cornea  is  formed  at  the  6th  week.  l^^%t„  _Wa.t  m  The  capsule  of  the  lens  is 
formed  around  the  position  of  the  eye  from  the  f  *  '^^-j^eXanrc^^^ 

at  first  completely  surrounded  by  a  y^s°u  ar  meml^^L^ne-the  membran  P  y 

Afterwards,  the  lens  passes  more  P°«t"?°^' ^ ^^^^^^^^^^  it  grows 

pupiUary  membrane,  however,  remains  in  the  auterioi  pait  ot  tlie  eye,  wane  i. 


Fig.  691. 

Development  of  the  eye.    I.,  Inflexion  of  the  sac  of  the  lens  (L)  into  the  primary  optic  vesicle 
Ijeveiopment  01 1      y_       mesoblast.    II.,  The  inflexion  seen  from  below-«,  optic  nerve  ;  e, 
the";uteTt  t^^^^^  of  the  inflected  vesicle  ;  L  lens.    III..  Longitudinal  section 

of  II  iv  Further  development-e,  corneal  epithehum  ;  c,  cornea ;  m,  membrana 
capsuio-pupillaris  ;  L,  lens  ;  a,  central  artery  of  the  retina;  s,  sclerotic  ■  ch,  choroid  ;  p, 
pigment  layer  of  the  retina  ;  r,  retina.  V.,  Persistent  remains  of  the  pupillary  membrane, 
the  margin  of  the  iris  (7th  week),  so  that  the  pupil  is  closed  by  this  part  of  the  vascular  caiisule, 
membrana  pupillaris.  The  blood-vessels  of  the  iris  are  continuous  with  those  of  the  pupillary 
membrane  :  those  of  the  posterior  capsule  of  the  lens  give  off  the  byaloid  artery  a  continuation 
of  the  central  artery  of  the  retina  ;  its  veins  pass  into  those  of  the  iris  and  choroid.  The 
vitreous  humour  at  the  4th  week  is  represented  by  a  cellular  mass  between  the  lens  and  the 


A-D,  Early  stages  in  the  chick  (Rcissncr). 


Fig.  692. 

Early  stages  in  the  development  of  the  vertebrate  ear.         .       .  _ 

E,  Transverse  section  through  the  auditory  pit  of  a  50  hours'  chick  {Marshall).  F,  Trans- 
verse section  through  the  hind-brain  of  a  foetal  sheep,  acv,  anterior  cardinal  (jugular) 
vein ;  am,  amnion  ;  ao,  aortic  arch  ;  cc,  cochlea  ;  ru,_  recessus  (aqueductus)  vestibuli  ;  v, 
vestibulum  ;  vc,  vertical  semicircular  canal ;  viii,  auditory  nerve. 

retina.  The  pupillary  membrane  disappears  at  the  7th  mouth.  It  may  remain  throughout 
life  (V). 

Organ  of  Smell.— On  the  under  surface  and  lateral  limit  of  the  fore-brain,  the  epiblast  forms 
a  groove  or  pit  with  thickened  epithelium,  which  forms  a  depression  towards  the  brain,  but 
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always  remains  as  a  pit  or  depression ;  tliis  is  the  olfactory  or  nasal  pit,  to  which  the  olfactoiy 
nerve  afterwards  sends  its  branches.    For  the  formation  of  tlie  nose,  see  p.  879. 

Organ  of  Hearing. — On  both  sides  of  the  after -brain  or  posterior  brain  vesicle,  above  the 
first  visceral  or  hyoid  arch,  tliere  is  a  depression  or  pit  formed  in  the  epiblast,  which  gradually 
extends  deeper  towards  the  brain — this  is  the  labyrinth  pit  or  auditory  sac,  wliich  soon  becomes 
tlask-shaped  (lig.  692,  A,  B). 

[Tlio  stalk,  which  originally  connected  the  cavity  of  the  sac  with  the  surface,  pereists  as  the 
aqueductus  vestibuli;  and  its  blind  swollen  distal  extremity  as  the  saccufl  endolymphaticuB, 
or  recessus  vestibuli  [Iladdou,  lig.  692,  r,  v).]  The  pit  is  ultimately  completely  cut  off  from 
tlie  epiblast,  just  like  the  lens,  and  is  now  called  the  vesicle  of  the  labyrinth  or  primary 
auditory  vesicle.  Its  related  portion  forms  the  utricle,  from  which,  at  the  2nd  month,  the 
semicircular  canals  and  the  cochlea  are  developed  (fig.  692,  D).  The  union  with  the  brain 
occurs  later,  along  with  the  development  of  the  auditory  nerve.  The  first  visceral  cleft  remains 
as  an  irregular  passage  from  the  Eustachian  tube  to  the  external  auditory  meatus.  The  outer 
ear  appears  at  the  7th  week. 

Organ  of  Taste.  — The  gustatory  papillre  are  developed  in  the  later  period  of  intra-uterine  life, 
and  several  days  before  birth  the  taste-buds  appear  {Fr.  Hermann). 

453.  BIRTH. — With  the  growth  of  the  ovum,  the  uterus  becomes  more  dis- 
tended, its  walls  more  muscular  and  more  vascular,  although  the  uterine  walls  are  not 
thicker  at  the  end  of  pregnancy.  Toward  the  end  of  gestation  the  cervical  canal  Is 
intact  until  labour  begins,  or  at  any  rate  it  is  but  slightly  opened  up  at  its  upper  part. 
After  a  period  of  280  days  of  gestation,  "  labour"  begins,  whereby  the  contents  of 
the  uterus  are  discharged.  The  labour  pains  occur  rhythmically  and  periodically, 
being  separated  from  each  other  by  intervals  free  from  pain.  Each  pain  begins 
gradually,  reaches  a  maximum,  and  then  slowly  declines.  With  each  pain  the  heat 
of  the  uterus  increases  (§  303),  while  the  heart-beat  of  the  foetus  becomes  slower  and 
feebler,  which  is  due  to  stimulation  of  the  vagus  in  the  medulla  oblongata  (§  369, 
3). 

[At  the  full  time  the  membranes  and  placenta  line  the  uterus.  The  membranes 
consist,  from  within  outwards,  of  amnion,  chorion,  decidua  reflexa,  and  decidua 
vera.  'The  fundi  of  the  uterine  glands  persist  in  the  deep  part  of  the  decidua  vera, 
and  thus  form  a  spongy  layer,  the  part  above  this  being  the  compact  layer  in  the 
deep  part  of  the  placenta,  e.g.,  near  the  uterine  wall,  we  have  also  the  fundi  of  the 
uterine  o-land  persisting  in  the  decidua  serotina.  When  the  placenta  and  mem- 
branes are  expelled  after  birth,  the  line  of  separation  takes  place  in  the  part  of 
the  membranes  and  placenta  where  the  fundi  of  the  glands  persist.  After  labour 
is  completely  finished,  the  uterus  is  lined  by  the  remains  of  the  spongy  layer  of  the 
decidua  vera  and  serotina,  e.g.,  is  lined  by  a  layer  which  contains  the  fundi  of  the 
uterine  glands.  The  new  mucous  membrane  is  regenerated  by  the  growth  of  the 
epithelium  and  connective-tissue  in  this  part.  The  membranes  expeUed  are  made 
up  of  amnion,  chorion,  deciduse  reflexse,  and  the  compact  layer  of  the  decidua  vera.] 

The  uterine  movements  during  labour  proceed  in  a  peristaltic  manner  from  the 
Fallopian  tube  to  the  cervix,  and  occupy  20  to  30  seconds.  In  the  curve  registered 
by  these  movements  there  is  usually  a  more  steep  ascent  than  descent. 

[Power  in  Ordinary  Labour.— Sometimes  the  ovum  is  expelled  whole,  the  membranes  con- 
taining the  lifiuor  amuii  remaining  unruptured.  Poppel  has  pointed  out  that  the  force  which 
ruptures  the  bag  of  membranes  is  sufficient  to  complete  delivery,  so  that,  as  Matthews  Duncan 
remarks,  the  strength  of  the  membranes  gives  us  a  means  of  ascertaining  the  power  of  labour 
in  the  easiest  class  of  natural  labours.  Matthews  Duncan,  from  experiments  on  the  pressure 
required  to  rupture  the  membranes,  concludes  that  the  great  majority  of  labours  are  completed 
by  a  propelling  force  not  exceeding  40  lbs.]  ^      i      •  ^„i„iri 

Polaillon  estimates  the  pressure  exerted  by  the  uterus  upon  the  fcetus  at  each  iiain  to  be  154 
kilos  [338-8  lbs.],  so  that,  according  to  this  calculation,  the  uterus  at  each  pam  performs  SblO 
kilogi  ammetres  of  work  (§  301).    [This  estimate  is  certainly  far  too  high.]         ,   ,  .,  .  ^„„„ 

After-Birth.— After  the  fcetus  is  expelled,  the  placenta  remains  behind  ;  but  it  is  soon 
expelled  by  the  contractions  of  the  uterus.    During  the  conti;action  of  the  utenis  to  expel  the 
pllcenta,  a  not  inconsiderable  amount  of  the  placental  blood  is  forced  into  the  child  (§  40).  [It 
is  more  probable  that  the  child  aspirates  the  blood  from  the  fcetus  portion  of  the  placenta 
This  can  be  seen  in  late  ligature  of  the  cord.    The  child  may  thus  gain  two  ounces  of  blood.] 


INFLUENCE  OF  NERVES  ON  THE  UTERUS. 


After  a  time  the  placenta,  the  membranes,  and  the  decidua-constituting  the  a/ter-ft^V^A-are 

^""fnflfenceofNei-ves  on  the  Uterus. -1.  Stimulation  of  the  hypogastnc  plexus  causes  con- 
tvi^on  Ttlu  uteraf  Tlie  fibres  arise  from  the  spinal  cord,  from  the  last  dorsal,  and  upper 
nv  four  un  baJ  nerves  run  into  tlie  sympathetic,  and  then  reacli  the  liypogastnc  plexus 
three  01  foui     nbai  ^  ^j^^  ^^J^j^  crigentes,  which  are  derived  from  the  sacral 

novemen^^^^^f  3.  Stimulation,  of  the  lumbar  and  sacral 

Sirte  of  t^  co  rcau^^  powerful  movement.  {Spicgelberg)  There  is  a  centre  for  the  ae  jf 
SL°  J'rin  the  lumbar  region  of  the  cord  (§  362,  6  .  The  uterus,  ike  the  intestine,  prob- 
conta^^^^^^  dependent  o.^arcnchymatous  nerve-centres  {K^yr^ur),  which  can  be  exci^^^^^^^^^^^ 
suspension  of  the  i^piratiou,  and  by  anaemia  (by  compressing  the  aorta,  or  rapid  ha;morihage) 
Decrease  of  the  bodily  temperature  diminishes,  while  an  increase  of  the  temperature  increases 
the  movement,  which,  however,  ceases  during  high  lever  [Fromme).  The  experiments  made  by 
Rein  upon  bitches  show  that,  if  all  the  nerves  going  to  the  uterus  be  divided  practically  all  the 
functions  connected  with  conception,  pregnancy,  and  parturition  can  take  place,  even  although 
the  uterus  is  separated  from  all  its  cerebro-spinal  connections.  Hence,  we  must  look  to  the 
presence  of  some  automatic  •  ganglia  in  the  utems  itself.  According  to  Dembo,  there  is  a 
centre  in  the  anterior  wall  of  the  vagina  of  the  rabbit.  According  to  Jastreboff,  the  vagina  of 
the  rabbit  contracts  rhythmically.  Sclerotic  acid  greatly  excites  the  uterine  contractions  {v. 
Swiecicki),  so  does  anaemia  {Kro,mker  and  Jastreboff-)  4.  The  uterus  contracts  reflexly  on 
stimulatiii'^  the  central  end  of  the  sciatic  nerve  (v.  Basch  and  Eofmann),  the  central  end  ot  the 
branchial  plexus  [ScMesinger),  and  the  nipple  (Scanzoni:).  5.  The  uterus  is  supplied  by  vaso- 
motor nerves  (hypogastric  plexus),  which  come  from  the  splanchnic  ;  and  also  hy  vaso-ddator 
fibres,  the  latter  through  the  nervi  erigentes.  The  vaso-motor  nerves  are  aflected  rellexly  by 
stimulation  of  the  sciatic  nerve  (u  ^asc;^  «5!rf  fi^o/ma?i«).  ,  ■  .  i.- 

rin  the  rabbit  the  vagina  and  uterine  cornua  exhibit  regular  movements  of  a  peristaltic 
nature  These  exist  apart  from  any  exti'aneous  stimulus,  and  are  probably  a  vital  property  of 
the  tissue.  They  can  be  demonstrated  in  animals  a  few  weeks  old,  and  have  been  recorded 
continuously  for  many  hours.  Frequently  they  are  more  vigorous  six  hours  after  than  at  the 
beginning,  showing  that  they  are  not  due  to  the  irritation  of  the  operation  necessary  to  demon- 
strate them.  ^  ,-,  j_  ,  ■  J.  \  ■>  ^ 
Their  rate  and  extent  vary.  In  young  animals  they  are  frequent  (1  to  4  per  mmute),  but 
irreo-ular  in  character.  In  nulliparous  adults  they  are  less  frequent  and  somewhat  more 
regular.  During  pregnancy  they  increase  greatly  in  extent,  and  their  rate  becomes  1  in  120  to 
130  seconds.  These  characters  are  retained  after  pregnancy  for  many  months  at  least.  They 
are  diminished  or  abolished  by  chloroform  narcosis,  are  scarcely  affected  by  ether.  Water  at 
100°  to  120°  F.  produces  a  persistent  contraction  accompanied  by  blanching  of  the  tissue. 
Similar  effects  are  produced  by  dilute  acetic  acid  {Milne  3h(,rray).] 

Lochia. — After  birth  the  whole  mucous  membrane  (decidua)  is  shed ;  its  inner 
surface,  therefore,  represents  a  large  wounded  surface,  on  which  a  new  mucous 
membrane  is  developed.    The  discharge  given  off  after  birth  constitutes  the  lochia. 

Involution  of  the  TJterus. — After  birth  the  thick  muscular  mass  decreases  in 
size,  some  of  its  fibres  undergoing  fatty  degeneration.  Within  the  lumen  of  the 
blood-vessels  of  the  uterus  itself,  there  begins  in  the  interna  of  these  vessels  a  pro- 
liferation of  the  connective-tissue  elements,  whereby  within  a  few  months  the  blood- 
vessels so  afiected  become  completely  occluded.  The  smooth  muscular  fibres  of 
the  middle  coat  of  the  arteries  undergo  fatty  degeneration.  The  relatively  large 
vascular  spaces  in  the  region  of  the  placenta  are  filled  by  blood-clots,  which  are 
ultimately  traversed  by  outgrowths  of  the  connective-tissue  of  the  vascular  walls. 

Milk-Fever. — After  birth,  there  is  a  peculiar  action  on  the  vaso-motor  system, 
constituting  milk-fever,  while  at  the  2nd  to  3rd  day  there  is  a  more  copious  supply 
of  blood  to  the  mammary  gland  for  the  secretion  of  milk  (§  231).  [After  birth 
the  pulse  becomes  slow  and  remains  so  in  a  normal  puerperium.  The  so-called 
milk-fever  is  not  found  in  cases  where  strict  cleanliness  is  observed  during  the 
labour  and  puerperium.]  For  the  cause  of  the  first  respiration  in  the  child,  see 
p.  666. 

454.  COMPAEATIVE— HISTORICAL.— A  sketch  of  the  development  of  man  must  neces- 
sarily have  some  reference  to  the  general  scheme  of  development  in  the  Animal  Kingdom. 
The  question  as  to  how  the  numerous  forms  of  animal  life  at  present  existing  on  the  globe  have 
arisen  has  been  answered  in  several  ways.  It  has  been  asserted  that  each  species  has  retained 
its  characters  unchanged  from  the  beginning,  so  that  we  speak  of  the  "  constancy  of  species  " 
This  view,  developed  by  Linnaius,  Cuvier,  Agassiz,  and  others,  is  opposed  by  that  supported 
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by  Lamarck  1809,  or  tho  doctrino  of  tho  "Unity  of  the  Animal  Kingdom,"  corresponding  to 
the  auciont  view  of  Enipodoclos,  that  all  species  of  animals  wore  derived  by  variations  from  a 
low  fundamental  forms  ;  that  at  lirst  there  were  only  a  few  lower  forms  from  which  the 
numerous  si)ecios  wore  developed — a  view  su])portcd  by  GeolIVey  St  Hilairo  and  Goethe.  After 
a  long  i>eriod  this  view  was  restated  and  elucidated  in  the  most  brilliant  and  most  fruitful 
manner  by  Charles  Darwin  in  his  "Origin  of  Species  "  (1859)  and  other  works.    He  attempted 
to  show  how  modihcntions  may  be  brought  about  by  uniform  and  varying  conditions  acting  for 
a  long  time.    Amongst  created  beings  each  one  struggles  with  its  neighbour,  so  that  there  is  a 
real  "struggle  for  existence."    Many  (lualities,  such  as  vigour,  rapidity,  colour,  reproductive 
activity,  &c.,  are  hereditary,  so  that  in  this  way  by  "natural  selection"  there  may  be  a 
gradual  improvenrent,  and  therewith  a  gradual  change  of  the  species.    In  addition,  organisms 
can,  within  certain  limits,  accommodate  themselves  to  their  surroundings  or  environment.  Thus 
certain  useful  organs  or  parts  may  undergo  development,  while  inactive  or  useless  parts  may 
undergo  retrogre.ssion,  and  form  "rudimentary  organs."    This  process  of  "  natural  selection," 
causing  gradual  changes  in  tho  form  of  organisms,  finds  its  counterpart  in  "artificial  selection  " 
amongst  plants  and  animals.    Breeders  of  animals,  for  example,  by  selecting  the  proper  crosses, 
can  within  a  relatively  short  time  produce  very  material  alterations  in  the  form  and  characters 
of  the  animals  which  they  bi'eed,  the  changes  being  more  pronounced  than  many  of  those 
that  separate  well-defined  species.    But,  just  as  with  artificial  selection,  there  is  sometimes  a 
sudden  "reversion"  to  a  former  type,  so  in  the  development  of  species  by  natural  selection 
there  is  sometimes  a  condition  of  atavism.    Obviously,  a  wide  distribution  of  one  species  in 
different  climates  must  increase  the  liability  to  change,  as  very  different  conditions  of  environ- 
ment come  into  play.    Thus,  the  migration  of  organisms  may  gradually  lead  to  a  change  of 
species. 

Biological  Law.— Without  discussing  the  development  of  different  organisms,  we  may  refer 
to  the  "fundamental  biological  law  "  of  Haeckel,  viz.,  "that  the  ontogeny  is  a  short  repetition 
of  the  phylogeny,"  [ontogeny  being  the  history  of  the  development  of  single  beings,  or  of  the 
individual  from  the  ovum  onwards,  while  phylogeny  is  the  history  of  the  development  of  a 
whole  stock  of  organisms,  from  the  lowest  forms  of  the  series  upwards]  (p.  xxxv).  When  applied 
to  man,  this  law  asserts  that  the  individual  stages  in  the  course  of  the  development  of  the 
hirman' embryo,  e.g.,  its  existence  as  a  unicellular  ovum,  as  a  group  of  cells  after  complete 
cleavage,  as  a  blastodermic  vesicle,  as  an  organism  without  a  body-cavity,  &c. ;  that  these 
stages'of  development  indicate  or  represent  so  many  animal  forms,  through  which  the  human 
species  in  the  course  of  untold  ages  has  been  gradually  evolved.  The  individual  stages  which 
the  human  race  has  passed  in  this  process  of  evolution  are  rapidly  rehearsed  in  its  embryonic 
development.  This  conception  has  not  passed  without  challenge.  In  any  case,  the  comparison 
of  the  human  development  and  its  individual  organs  with  the  corresponding  perfect  organs  of 
lower  vertebrates  is  of  great  importance.  Thus,  a  mammal  during  the  development  of  its 
organs  is  originally  possessed  of  the  tubular  heart,  the  branchial  clefts,  the  undeveloped  brain, 
the  cartilaginous  chorda  dorsalis,  and  many  arrangements  of  the  vascular  system,  &c),  which 
are  permanent  throughout  the  life  of  the  lowest  vertebrates.  These  incomplete  stages  are  per- 
fected in  the  ascending  classes  of  vertebrates.  Still,  there  are  many  difficulties  to  contend  with 
in  establishing  both  the  evolution  hypothesis  of  Darwin  and  the  biological  law  of  Haeckel. 

Historical.— Although  the  impetus  to  the  study  of  the  history  of  development  has  been  most 
stimulated  in  recent  times,  the  ancient  philosophers  held  distinct  but  very  varied  views  on  the 
ouestion  of  development.  Passing  over  the  views  of  Pythagoras  (550  B.C.)  and  Anaxagoras 
(500  B  c  ),  Empedocles  (473  B.C.)  taught  that  the  embryo  was  nourished  through  the 
umbilicus  •  while  he  named  the  chorion  and  amnion.  Hippocrates  observed  incubated  eggs 
from  day  to  day,  noticed  that  the  allantois  protruded  through  the  umbilicus,  and  observed  that 
the  chick  escaped  from  the  egg  on  the  20th  day.  He  taught  that  a  7  months'  fretus  was  ^^able 
and  explained  the  possibility  of  superfoetation  from  the  horns  of  the  uterus.  The  wi-itings  of 
Aristotle  (born  384  B.C.)  contain,  many  references  to  development,  and  many  of  them  are 
already  referred  to  in  the  text.  He  taught  that  the  embryo  receives  its  vascular  supply 
through  the  umbilical  vessels,  and  that  the  placenta  sucked  the  blood  from  the  vascular  uterus 
like  the  rootlets  of  a  tree  absorbing  moisture.  He  distinguished  the  polycotyledonary  from  the 
diffuse  placenta  ;  and  he  referred  the  former  to  animals  without  a  complete  row  of  teeth  m  both 
laws  In  the  incubated  egg  of  the  chick  he  distinguished  the  blood-vessels  of  the  umbilical 
vesicle  which  carried  food  from  the  cavity  of  the  latter,  and  also  the  allantois.  He  also 
observed  that  the  head  of  the  chick  lay  on  its  right  leg,  and  that  the  umbilical  sac  was  ulti- 
mately absorbed  into  the  body.  The  formation  of  double  monsters  he  ascribed  to  the  union  of 
two  crerms  or  two  embryos  lying  near  each  other.  During  generation  the  female  produces  the 
matter,  the  male  the  principle  which  gives  it  form  and  motion.  There  are  also  numerous 
references  to  reproduction  in  the  lower  animals.  Erasistratus  (304  B.C.)  described  the  erabrjo 
as  arisincr  by  new  formations  in  the  ovum-Epigenesis,— while  his  contemporary,  Herophilus. 
found  that  the  pregnant  uterus  was  closed.  He  was  aware  ot  the  f ^^^^ 
prostate,  and  named  the  vesiculaj  seminalis  and  the  epididymus.  Galen  (131-203  .\.D.)  ^^as 
ac(iuainted  with  the  existence  of  the  foramen  ovale,  and  the  course  of  the  blood  in  the  fatus 
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through  it  ami  through  the  ductus  arteriosus.  He  was  also  awaro  of  the  physiological  relation 
between  the  breast  and  the  blood-vessels  of  the  uterus,  and  ho  described  how  the  uterus  con- 
tracted oil  pressure  being  apjilied  to  it.  In  the  Talmud  it  is  stated  tliat  an  animal  with  its 
uterus  extirpated  may  live,  that  the  pubes  separates  during  birth,  and  there  is  a  record  of  a  case 
of  Cffisarian  section,  the  child  being  saved.  Sylvius  described  the  value  of  the  foramen  ovale  ; 
Vesalius  (1540)  the  ovarian  follicles  ;  Eustachius  (f  1570)  the  ductus  arteriosus  (Botalli)  and  the 
branches  of  the  umbilical  vein  to  the  liver.  Arantius  investigated  tlie  duct  which  bears  his 
name,  and  he  asserted  that  the  umbilical  arteries  do  not  anastomose  with  the  maternal  vessels 
in  the  placenta.  In  Libavius  (1597)  it  is  stated  that  the  child  may  cry  in  utciv.  Eiolan  (1618) 
was  aware  of  the  existence  of  the  corpus  Highmorianum  testis.  Pavius  (1657)  investigated  the 
position  of  the  testes  in  the  lumbar  region  of  the  fcetus.  Harvey  (1633)  stated  the  funda- 
mental axiom,  "Omne  vivum  ex  ovo."  Fabricius  ab  Aquapcndente  (1600)  collected  the  materials 
known  for  the  history  of  the  development  of  the  chick.  Regiier  do  Graaf  described  more  care- 
fully the  follicles  which  bear  his  name,  and  he  found  a  mammalian  ovum  in  the  Fallopian  tube 
Swa'mmerdam  (t  1685)  discovered  metamorphosis,  and  he  dissected  a  butterfly  from  the 
chrysalis  before  the  Grand  Duke  of  Tuscany.  He  described  the  cleavage  of  the  frog's  egg. 
Malpighi  (t  1694)  gave  a  good  description  of  the  development  of  the  chick  witli  illustrations. 
Hartsoecker  (1730)  asserted  that  the  spermatozoa  pass  into  the  ovum.  The  first  half  of  the 
18th  century  was  occupied  with  a  discussion  as  to  whether  the  ovum  or  the  sperm  was  the  more 
important  for  the  new  formation  (the  Ovulists  and  Spermatists) ;  and  also  as  to  whether  the 
fcetus  was  formed  or  developed  within  the  ovum  (Epigenesis),  or  if  it  merely  increased  in 
growth.  The  question  of  spontaneous  generation  has  been  frequently  investigated  since  the 
time  of  Needham  in  1745. 

New  Epoch. — A  new  epoch  began  with  Caspar  Fried.  Wolff  (1759),  who  was  the  first  to 
teach  that  the  embryo  was  formed  from  layers,  and  that  the  tissues  were  composed  of  smaller 
parts  (corresponding  to  the  cells  of  the  present  period).  He  observed  exactly  the  formation  of 
the  intestine.  William  Hunter  (1775)  described  the  membranes  of  the  pregnant  uterus. 
Scemmering  (1799)  described  the  formation  of  the  external  human  configuration,  and  Oken  and 
Kieser  that  of  the  intestines.  Oken  and  Goethe  taught  that  the  skull  was  composed  of 
vertebrae.  Tiedemann  described  the  formation  of  the  brain,  and  Meckel  that  of  monsters. 
The  basis  for  the  study  of  the  development  of  an  animal  from  the  layers  of  the  embryo  was  laid 
by  the  researches  of  Pander  (1817),  Carl  Ernst  v.  Baer  (1328-1834),  Remak,  and  many  other 
observers  ;  and  Schwann  was  the  first  to  trace  the  development  of  all  the  tissues  from  the  ovum. 
[Schleiden  enunciated  the  cell-theory  with  reference  to  the  minute  structure  of  vegetable  tissues, 
while  Schwann  applied  the  theory  to  the  structure  of  animal  tissues.  Amongst  those  whose 
names  are  most  prominent  in  connection  with  the  evolution  of  this  theory  are  Martin  Barrj-, 
von  Mohl,  Leydig,  Remak,  Goodsir,  Virchow,  Beale,  Max  Schultze,  Briicke,  and  a  host  of  recent 
observers.] 
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COAirARISON  OF  THE  METRICAL  WITH  THE  COMMON  MEASURES. 
By  Du  Wauukn  Dk  la  Rue. 


MEASURES  OF  LENftTH; 


In  English  Inches. 

In  English  Feet 
=  12  Inches. 

In  English  Yards 
=  3  Feet. 

Millimetre  

Coiitlmetiv  

Decliiietri'  

Metre  

Decametre  

Hectometre  

Kilometre  

Myriometre  

0'039;)7 
0-30371 
3-9370S 
39-3707!) 
393-70790 
3937-07900 
39370-79000 
393707-90000 

0-0032809 
0  0328090 
0-3280899 
3-2808992 
32-80S9!)20 
328-08i)920O 
•3280-8992000 
32808-9920000 

0-0010!l36 
0-0109363 

0-  1093033 

1-  0930331 
10-!)303310 

109-3633100 
1093-6331000 
10930-3310000 

1  Inch  =  2-i)39a54  Centimetres.  | 

1  Foot  =  3-0479440  Decimetres.       1    1  Yard  =  0-91438348  Metre. 

MEASURES  OF  CAPACITY. 

In  Cubic  Inches. 

In  Cubic  Feet  =  1,728 
Cubic  Inches. 

In  Pints  =  34-65923 
Cubic  Inches. 

Millilitre  or  cxibic  centimetre 
Centilitre  or  10  cubic  centimetres 
Decilitre  or  100  cubic  centimetres 
Litre  or  Cubic  decimetre 
Decalitre  or  centistere 
Hectolitre  or  decistere 
Kilolitre  or  stere,  or  cubic  metre 
Myriolitre  or  decastere  ... 

0-0610-27 
0-610271 
6-102705 
61-027052 
610-270515 
6102-705152 
61027-051519 
610270-515194 

0-0000353 
0-0003532 
O-0035317 
0-0353166 
0-3531G58 
3-5316581 
35-3165807 
353-1658074 

0-001701 
0-017608 

0-  176077 

1-  760773 
17-607734 

170-077341 
1700-773414 
17007-734140 

1  Cubic  Iiich  =  16-3861759  Cubic  Centimetres.        1         1  Cubic  Foot=28-3153119  Cubic  Dechnetres. 
The  UNIT  or  volume  is  1  Cubic  Centimetre. 


MEASURES  OF  WEIGHT. 


In  English  Grains. 


Milligramme 

Centigramme 

Decigramme 

Gramme 

Decagramme 

Hectogi-amme 

Kilogramme  . 

Myriogramme 


0-015432 

0-  154323 

1-  543235 
15-432349 

.154-323488 
1543-234880 
15432-348800 
154323-488000 


In  Troy  Ounces 
=480  Grains. 


In  Avoirdupois  Lbs. 
=  7,000  Grains. 


0-000032 
0-000322 
0-003215 
0-032151 
0-321507 
3-215073 
32-150727 
321-507267 


0-0000022 
0-0000220 
0-0002205 
0-0022046 
0-0220462 
0-2-204621 
2-2046213 
22-0402126 


The  UNIT  or  mass  in  the  metrical  system  is  1  Gramme,  which  is  the  mass  or  weight  of  1  Cubic  Centimeti-e 
(1  c.c.)  of  water  at  4°  C,  i.e.,  at  its  temperature  of  maximum  density. 


CORRESPONDING  DEGREES  IN  THE  FAHRENHEIT  AND  CENTIGRADE  SCALES. 


Fahr. 

Cent. 

Fahr. 

Cent. 

500° 

450° 

..260°0 

..  •23-2° -2 

140°  .. 

.   60° -0 

13.5°  .. 

.  57°-2 

400° 

..  204° -4 

130°  .. 

.  64°-4 

350° 

..  17fi°-7 

12.5°  .. 

.  5r-7 

300° 

..  148° -9 

120°  .. 

.    48° -9 

212° 

210° 

..100°0 

11.5°  .. 

.  46°-l 

..  !)S°-9 

110°  .. 

.  43°-3 

205° 

..  96°-l 

105°  .. 

.  40°-5 

200° 

195° 

..  93°-3 

..  90°-5 

100°  .. 

.  37  -8 

.    35° -0 

95°  .. 

190° 

..  87°-8 

90°  .. 

.  32°-2 

185° 

..  85°-0 

85°  .. 

.  29°-4 

180° 

..  82°-2 

80°  .. 

.    26° -7 

175° 

..  79°-4 

75°  . 

.    23° -9 

170° 

...  76°-7 

70°  . 

.  21°-1 

16.5° 

...  73°-9 

65°  . 

.    18° -3 

160° 

...  71°-! 

00°  . 

.  15°-5 

155° 

...  08°-3 

55°  . 

.  12°-8 

150° 

...  G5°-5 

50°  . 

45°  . 

.  10°0 

.     7° -2 

145° 

...  62°-8 

Fahr. 

Cent. 

Cent. 

Fahr. 

Cent 

40°  . 

..  4°-4 

100° 

98° 

..212°0 

..  208°-4 

60° 

35°  . 

..  l°-7 

58° 

32°  . 

..  o°-o 

96° 

..  204° -8 

56° 

30°  . 

.—  r-i 

94° 

..  201°-2 

54° 

25°  . 

..—  3°-9 

92° 

..  197°-0 

.52° 

20°  . 

..—  6°-7 

90° 

88° 

..194°0 

..  190°-4 

50° 

15°  . 

..—  9°-4 

48° 

10°  . 

..—1-2° -2 

86° 

..  186°-8 

40° 

5°  . 

..— 15°-0 

84° 

..  183°-2 

44° 

0°  . 

..-ir-8 

..— 20°-5 

82° 

..  179°-6 

42° 

—  5°  . 

80° 

78° 

..176°0 

40° 

—10°  . 

..— 23°-3 

..  172°-4 

38° 

—15°  . 

..— 26°-l 

76° 

..  168°-8 

30° 

—20°  . 

.  _2S°-9 

74° 

..  165° -2 

34° 

—25°  . 

..—31° -7 

72° 

..  ioi°-o 

32° 

—30°  . 

..—34° -4 

70° 

68° 

..158°0 

..  154°-4 

30° 

—35°  . 

..— 37°-2 

•28° 

—40°  . 

..— 40°-0 

60° 

..  150°-8 

26° 

—45°  . 

..—42° -8 

04° 

..  147°-2 

24° 

-60° 

..-45°-6 

62° 

..  143° -6 

2-2° 

Fahr. 

Cent. 

Fahr. 

.140°0 

.  136°-4 

20°  .. 

18°  .. 

.  68°  0 

.    64° -4 

.  132°-8 

10°  .. 

.    60° -8 

.  129°-2 

14°  .. 

.  07°-2 

.  12.5° -0 

1-2°  .. 

.    53° -6 

.122°0 

.  118°-4 

10°  . 

.  50  -0 

.    46' -4 

b°  .. 

.  114°-8 

6°  .. 

.    42' -8 

.  in°-2 

4°  .. 

.    39' -2 

.  107°-6 

0° 

.    .35' -6 

.104°0 

.  100°-4 

6° 

.  32°  0 

 •>= 

.  28°-4 

.  90°-8 

—  4° 

.  24°-8 

.  93°-2 

—  6°  . 

.    21' -2 

.  89°-6 

—  8°  . 

.  17'-0 

.  86°  0 

-10°.. 

.  14°0 

..    82° -4 

—12°  . 

.  10°-4 

.    78° -8 

—14°  . 

.  fl-S 

..  75°-2 

—10=  . 

.     3' -2 

.  71°-6 

-18°  .. 

.  — 0'-4 

-20°. 

.-4-0 

To  turn  C°  Into  F°,  multiply  by  9,  divide  by  5,  and  add  32°. 
To  turn  F°  Into  C°,  deduct  32,  multiply  by  0,  and  divide  by  9. 


Abdoiniual  muscles  in  respira- 
tion, 173. 
Abdominal  reflex,  641. 
Abducens,  599. 
Aberration,  chromatic,^75/ . 

,,        spherical,  757. 
Abiogenesis,  841. 
Absolute  blindness,  702. 
Absorption  by  fluids,  39. 

,,        by  solids,  39. 
Absorption  of — 

Carbohydrates,  298. 

Colouring  matter,  299. 

Digested  food,  295. 

Effusions,  312. 

Fat  soaps,  299. 

Forces  of,  295. 

Grape-sugar,  298. 

Influence  of  nerves  on,  301. 

Inorganic  substances,  297. 

Nutrient  enemata,  301. 

Organs  of,  290. 

Oxygen,  188,  191. 

Peptones,  298. 

Small  particles,  300. 

Solutions,  297. 

Sugars,  298. 

Unchanged  proteids,  299. 
Absorption  spectra,  21. 
Accelerans  nerve,  669. 

,,        in  frog,  671. 
Accommodation  of  eye,  749. 

,,  defective,  755. 

force  of,  755. 

,,  line  of,  753. 

„  nerves  of,  753. 

phosphene,  763. 

,,  range  of,  756. 

,,  spot,  763. 

,,  time  for,  752. 

Accord,  811. 
Acetic  acid,  381. 
Aceton,  405,  415. 
Acetylene,  25. 
Achromatin,  841. 
Achromatopsy,  778. 
Achroodextrin,  218. 
Acid-albumin,  377. 
Acid-hcematin,  25. 
Acids,  free,  374. 
Acoustic  nerve,  603. 

,,      tetanus,  550. 
Acquired  movements,  708. 
Acrylic  acid  aeries,  381. 
Action  currents,  554. 
Active  insufficiency,  502. 
Addison's  disease,  156,  446. 
Adelomorphous  cells,  241. 
Adenin,  385. 
Adenoid  tissue,  304. 


Adipocere,  365. 
Adventitia,  95. 
jEgophony,  181. 
Aerobes,  280. 
jEsthesiometer,  831. 
Jisthesodic  substance,  645. 
Afferent  nerves,  583. 
After-birth,  894. 
After-images,  779. 
After-sensation,  732. 
Ageusia,  826. 
Agoraphobia,  606. 
Agrammatism,  711. 
Agraphia,  711. 
Ague,  153. 

Air,  changes  m  respiration,  lo^ 

,,  collection  of,  184. 

,,  composition  of,  186. 

,,  diffusion  of^  190. 

„  expired,  187. 

„  impurities  in,  200. 

quantity  exchanged,  188. 
Air-cells,  161. 
Albumimeter,  410. 
Albuminoids,  378. 
Albumin  of  egg,  853. 
Albumins,  374. 
Albuminuria,  408. 
Albumoses,  animal,  377.  _^ 
,,       vegetable,  377. 
Alcohol,  352. 
Alcohols,  382. 
Alcoholic  drinks,  353. 
Alcool  an  tiers,  10. 
Aleurone  grains,  377. 
Alexia,  713. 
Alkali-albumin,  377. 
Alkali-hsematin,  26. 
Alkaline  fermentation,  408. 
Alkaloids,  353. 
Allantoin,  355,  403. 
Allantois,  871. 
Allochiria,  838. 
Allorhythmia,  107. 
Alloxan,  400. 
Alnien's  test,  412. 

Alternate  hemiplegia,  655^ 
„       paralysis,  655,  719. 

Alternation     of  generations, 
843. 

Amaurosis,  587. 
Amblyoijia,  587. 
American  crow-bar  case,  681 . 
Amido-acids,  384. 
Amido-acetic  acid,  267,  384. 
Araido-caproic  acid,  255. 
Amimia,  711. 
Amines,  384. 
AnimoniEBmia,  430. 
Amnesia,  711. 


Amnion,  871. 
Amuiota,  872. 
Amniotic  fluid,  872. 
Amoeboid  movement,  lo,  4^)1. 
Ampere's  rule,  543. 
Amphiarthroses,  499. 
Ampho-peptoiie,  248. 
Amphoric  breathing,  180. 
Amygdalin,  312. 
Amyloid  substance,  377. 
Amylopsin,  254. 
Amylum,  383. 
Anabiosis,  841. 
Anacrotism,  109. 
Antemia,  17,  48. 

,,  metabolism  in, 
,,      pernicious,  17. 

Anserobes,  280. 

Ansesthesia  dolorosa,  838. 

Anaesthetic  leprosy,  582. 

Ansesthetics,  839. 

Anabolic  nerves,  583. 

Anabolism,  341. 

Anakusis,  604. 

Analgesia,  647. 

Analgia,  839. 

Anamnia,  872. 

Anarthria,  710. 

Anasarca,  313. 

Anelectrotonus,  566. 

Aneurism,  114, 115. 

Angiograph,  100. 

Angiometer,  108. 

Angioneuroses,  678. 

Anidrosis,  448. 

Animals,  characters  of,  xlii. 

Animal  foods,  343. 

„     magnetism,  686. 

Anions,  545. 

Anisotropous  substance,  455. 
Ankle  clonus,  643. 
Anode,  545. 
Anosmia,  584. 
Antagonistic  muscles,  502. 
Anthracometer,  184. 
Anthracosis,  164. 
Anti-albumin,  248. 
Antiar,  312. 
Anti-emetics,  233. 
Antihydrotics,  446. 
Antipeptone,  248. 
Antiperiatalsis,  233. 
Anti-pyretics,  336. 
Anti-sialics,  215. 
Aortic  valves,  54. 

,,  insufficiency  of, 

^  110. 
Aperistalsis,  237. 
Apex-beat,  61,  69. 
Aphakia,  740. 
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Aphntiia,  710. 
Aphonia,  5'2'2. 
Ai)im;a,  ()63. 

Appunii's  apparatus,  815. 
Vi)selai)hesia,  838. 
ipieous  luiuiour,  720. 
Anichnoid  niator,  726. 
Arcliililastio  cells,  '868. 
Aiea  opaca,  864'. 
„   polluoida,  864. 
,,    vasculosa,  870. 
Argyll  Robertson  pupil,  760. 
Arliythmia  cordis,  57. 
Aristotle's  experim-ent,  833. 
Aromatic  acitis,  382. 

,,       oxyacids,  385. 
Arrector  pili  muscle,  441. 
Arterial  tension,  105. 
Arteries,  93. 

,,      blood -pressure  in,  122. 
,,      central,  689. 
,,      development  of,  884. 
,,      emptiness  of,  672. 
,,      rhythmical  contrac- 
tion of,  675. 
,,      sounds  in,  140. 
,,      structure  of,  93. 
,,      tension  in,  122. 
,,      termination  in  veins, 
137. 

Arteriogram,  101. 
Ai'thi-oidal  joints,  499. 
Ai'ticular  cartilage,  498. 
Ai-ticulation  nerve-corpuscles, 
829. 

Artificial    cold-blooded  condi- 
tion, 339. 
Artificial  eye,  748. 

,,      digestion,  250. 
,,      gastric  juice,  247. 
,,      pancreatic  juice,  255. 
,,      respiration,  198. 
,,         Marshall  Hall's  me- 
thod, 199. 
,,         Sylvester's  method, 
199. 

,,  selection,  896. 
Aspartic  acid,  256,  385. 
Asphyxia,  196,  663. 

,,       artificial  respiration 
in,  198. 

,,       recovery  from,  198. 
Aspirates,  542. 
Aspiration  of  heart,  129. 

„        thoracic,  129. 

„        ventricles,  58. 
Assimilation,  341. 
Associated  movement,  760,  787. 
Astatic  needles,  544. 
Asteatosis,  449. 
Asthma  nervosum,  614. 

,,    dyspegticum,  614. 
Astigmatism,  /57. 

,,  correction  of,  758. 

,,  test  for,  758. 

Atavism,  896. 
Ataxaphasia,  911. 
Ataxia,  619,  700,  709. 
Ataxic  tabes,  647. 
Atelectasis,  182,  199. 
Atmospheric  pressure,  203. 

,,  diminution  of,  204. 

,,  increase  of,  204. 


Atresia  ani,  871. 
Atrophy,  504. 

„      of  the  face,  598. 
Atropin,  475. 

„     in  eye,  588,  760. 
Attention,  time  for,  685. 
Audible  tone,  lowest,  813. 
Auditory  after-sensations,  820. 

,,      area,  703. 

,,      aur«3,  704. 

,,      centre,  703. 

,,      tlelusions,  604. 

,,      meatus,  799. 

,,      nerve,  797. 

,,      ossicles,  801. 

,,      paths,  704. 

,,      perceptions,  811. 

,,      sac,  894. 
Auerbach's  plexus,  237,  294. 
Augmentor  nerves,  671. 
Auricles  of  heart,  .50,  52,  57. 

,,     development  of,  883. 
Auscultation  of  heart,  75. 

,,  of  lungs,  179. 

Automatic  excitement,  625. 
Aiitonomy,  686. 
Auxocardia,  86. 
Avidity,  245. 
Axis  of  vision,  769. 

Bacillus,  49,  279. 

,,        acidi  lactici,  280. 
,,        anthracis,  49. 
,,        butyricus,  280. 
,,        subtilis,  281. 
,,        tubercle  and  others, 
200. 

Bacterium,  49,  279,  284. 

„         aoeti,  280. 

„         coli,  285. 

,,         fcetidum,  449. 

„         lactis,  284. 

,,         synxanthum,  348. 
Ball  and  socket  joints,  499. 
Bantingism,  366. 
Barfesthesiometer,  834. 
Basal  development,  891. 

,,    ganglia,  650,  715. 
Basedow's  disease,  155,  678. 
Bases,  374. 

Basilar  membrane,  810. 
Bass-deafness,  813. 
Batteries,  galvanic,  545. 

,,       Bunsen's,  545. 

,,       Daniell's,  545. 

,,       Grennet's,  546. 

,,       Grove's,  545. 

,,       Lechlanclie's,  546. 

,,       Smee's,  546. 
Beats,  818. 

,,     isolated,  818. 
,,     successive,  818. 
Bed-sores,  542. 
Beef-tea,  350. 
Beer,  354. 
BeU's  law,  617. 

,,    deductions  from,  619. 
Bell's  paralysis,  602. 
Benzoic  acid,  402. 
Bert's  experiment,  574. 
Bidder's  ganglion,  78. 
Bile,  267. 
,,    acids,  267. 


Bile,  composition  of,  270. 
,,    crystallised,  267. 
,,    ducts,  261. 
,,      ,,     ligature  of,  262. 
,,    effects  of  drugs  on,  273. 
,,    excretion  of,  271. 
„    fate  of,  275. 
,,    functions  of,  274, 
,,    gases  of,  269. 
,,    passage  of  drugs  into,  272. 
„    pigments,  268. 
,,    pressure,  272. 
,,    reabsorption  of,  272. 
,,    secretion  of,  270. 
,,    spectrum  of,  269. 
,,    test  for.  267,  268. 
Biliary  fistula,  271. 
Bilicyanin,  269. 
Bilifuscin,  269. 
Biliprasin,  269. 
Bilirubin,  268. 
Biliverdin,  268. 
Binocular  vi.sion,  787. 
Biological  law,  896. 
Biology,  XXXV. 
Biot's  respiration,  172. 
Birth,  894. 
Biuret  reaction,  376. 
Blastoderm,  851,  862. 
Blastomere,  862. 
Blastosphere,  862. 
Blepharospasm,  603. 
Blind  spot,  768. 
Blood,  1. 

,,     abnormal,  46. 
,,     analysis,  29. 
„     arterial,  45. 
,,     carbon  dioxide  in,  44. 
„     clot,  29. 
,,     coagulation,  31. 
,,     colour,  1. 
,,     colouring  matter,  18. 
,,     composition  of,  20. 
,,     deflbrinated,  29. 
,,     distribution  of,  144. 
,,     electrical  condition  of, 
579. 

,,     extractives,  39. 
,,     fats  in,  38. 
,,     fibrin  in,  17,  30. 
,,     gases  in,  39. 
,,     granules  of,  37. 
,,     islands,  10,  870. 
,,     lake-coloured,  8. 
, ,     loss  of,  48. 
„     microscopic  examina- 
tion, 3. 
, ,     nitrogen  in,  45. 
,,     odour,  2. 
,,     organisms  in,  49. 
,,     oxygen  in,  42. 
,,     ozoue  in,  43. 
,,     plasma,  29. 
,,     plates,  16. 
,,     portal  vein,  45. 
,,     proteids  of,  37. 
,,     quantity,  45. 
,,     reaction,  1. 
,,     salts  in,  39. 
,,     serum,  29. 
,,     specific  gravity,  2. 
,,     taste,  2. 
,,     temperature,  3. 
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Blooil,  transfusion  of,  46. 

„     variations  in,  46. 

,,     venous,  45. 

,,     water  in,  39. 
Blood-oliannels,  intercellular, 

95. 

Blooil-corpusoles— stroma,  6. 
,,     abnormal  changes,  17. 
,,     action  of  reagents  on,  6, 
7,  15. 

„     amoeboid  movements, 
15. 

„     change  of  form,  7. 
„     chemical  composition, 
18. 

,,     circulation,  137. 

colour,  6. 
„     colom-less,  13. 
,,     conservation  of,  8. 

crenation,  6. 
„     decay,  12. 
„     diapedesis,  15,  139. 
,,     effect  of  drugs,  15. 
„     effect  of  reagents,  6. 
,,     form,  3,  9. 
„     Gower's  method,  5. 
,,     histology  of,  6. 
human,  red,  3. 

„     white,  13,  29 
,,     intracellular  origm,  11. 
,,     Malassez's  method,  4. 
,,     nucleated,  17. 
, ,     number,  4,  17. 
,,     of  newt,  13. 
,,     origin,  10. 
,,     parasites  of,  18. 
,,     pathological  changes,  17. 
,,     proteids  of,  28. 
,,     rouleaux  of,  6. 
,,     size,  3,  9,  17. 
„     staining  of,  7. 
,,     stroma,  6. 
„     transfusion  of,  46. 
„     weight,  3. 
,,     white,  13. 
Blood-current,  137. 
,,     m  capillaries,  137. 
,,     velocity  of,  134. 
Blood-gases,  39. 

,,     estimation  of,   O,  C0.>, 

and  N,  42. 
,,     extraction,  40. 
,,     gas-pumps  for,  40. 
,,     quantity,  42. 
Blood-glands,  148. 
Blood-islands,  10,  870. 
Blood-plasma,  29. 
Blood-pressure,  119. 
,,     arterial,  122. 
,,     capillary,  128. 
,,     estimation  of,  119. 
,,     in  pulmonary  artery,  130. 
,,     in  veins,  128. 
,,     relation  to  pulse,  127. 
,,     variations  of,  122,  127. 
Blood-vessels,  92. 

,,     action  of  drugs  on,  95. 
,,     cohesion  of,  97. 
,,     elasticity  of,  96. 
,,     lymphatics,  95. 
,,     pathology  of,  97. 
,,     properties  of,  95,  96. 
„    structure  of,  92. 


Blue  pus,  449. 

sweat,  449. 
Body,  vibrations  of,  116.  _ 
Body-wall,  formation  of,  8/0. 
Bone,  chemical  composition  of, 
882. 
callus  of,  371. 
development  of,  881. 
\\     effect  of  madder  on,  371. 
fracture  of,  371. 
growth  of,  882. 
,,     histogenesis  of,  881. 
,,     red  marrow,  12. 
Bones,  mechanism  of,  498. 
Bottger's  test,  220. 
Boutons  terminals,  829. 
Bowman's  tubes,  735. 

glands,  821. 
Box  pulse-measurer,  97. 
Bradyphasia,  711. 
Brain,  649. 

arteries  of,  728. 
,,    blood-vessels  of,  727. 
,,    general  scheme  of,  649. 
„    impulses,  course  of,  633. 
,,    in  invertebrata,^730. 
,,    membranes  of,  726. 
,,     motor  centres  of,  691. 

movements  of,  727. 
„    of  dog,  693.  ^ 
, ,    pressure  on,  729. 

protective  apparatus  of, 
726. 

psychical  functions  of, 
681. 

,,    pulse  in,  115. 

pyramidal  tracts  of,  653, 
708. 

„    topography  of,  706,  714. 

, ,    weight  of,  649. 
Branchial  arches,  871. 

clefts,  871,  880. 
Brandy,  354. 
Bread,  351. 

Brenner's  formula,  603. 
Broca's  convolution,  710. 
Bromidrosis,  449. 
Bronchial  breathing,  179,  180. 

„       fremitus,  180. 
Bronchiole,  161. 
Bronchophony,  181. 
Bronchus  extra-piflmonary,  166, 

,,       intra-pulmonary,  161 

,,       small,  161. 
Bronzed  skin,  156. 
Brownian  movement,  217. 
Bruit,  140. 

,,     de  diable,  141. 
Brunner's  glands,  276,  293. 
Buchanan's  experiments,  33. 
Bulbar  paralysis,  661. 
Bulbus  arteriosus,  883. 
Butter,  346. 
Butyric  acid,  280,  381. 

raclicxla,  154. 

Caffein,  353. 

Calabar  bean  on  eye,  588. 
Calcic  phosphate,  373. 
Calculi,  biliary,  269,  287. 

salivary,  216,  285. 
,,      urinary,  419. 
Callus,  371. 


Calorimeter,  31o. 
Canal  of  cochlea,  808. 
,,     hyaloid,  741. 
Nuck,  889. 
of  spinal  cord,  626. 
'      of  Stilling,  741. 
,,     Petit,  740.  . 

Schlemm,  735. 
,,     semicircular,  808. 
Canalis  cochlearis,  808. 

,,     reuniens,  808. 
Capillaries,  93. 

„        action     of  silver 
nitrate  on,  94. 
blood  -  current  iir, 
137. 

,,        circvilation,  138. 
„        contractility  of,  96. 
,,        development  of,  11. 
,,        form  and  arrange- 
ment of,  137. 
pressure  in,  128. 
„        stigmata  of,  94. 

velocity  of  blood  in, 
135. 

Capillary  electrometer,  554. 
Capsule,  external,  717. 
,,  Glisson's,^259. 
,,      internal,  716. 
„      of  Tenon,  741. 
Carbohyilrates,  382. 

„  fermentation  of, 

280. 

Carbolic  acid  urine,  404. 
Carbon  dioxide,  conditions  af- 
fecting, 188. 

,,      estimation  of,  183. 

,,      excretion  of,  188,  192. 

,,      in  air,  186. 

,,      in  blood,  44. 

,,      in  exisired  air,  187. 

„      where  formed,  194. 
Carbonic  oxide-haemoglobin,  24. 

,,      oxide,  24. 

,,      poisoning  by,  24. 
Cardiac  cycle,  57. 

,,      dulness,  76. 
ganglia,  76. 

,,      hypertrophy,  69. 

,,      impulse,  61,  69. 

,,      movements,  66. 

,,      mummrs,  74. 

,,      nerves,  76. 

,,      nutritive  fluids,  779. 

, ,      plexus,  76^ 

,,      poisons,  85. 

,,      revolution,  57. 

„      sounds,  71. 
Cardinal  points,  747. 
Cardiogi'am,  61. 
Cardiograph,  61. 
Cardio-inhibitory   centre,  125, 
667. 

,,     nerves,  667. 
Cardio-pneumaticmovement,  86. 

Caricin,  256. 
Carnin,  349. 
Carotid  gland,  77, 157. 
Cartilage,  498,  871. 
Casein,  346,  377. 
Catacrotic  pulse,  102. 
Cataphoric  action,  548. 
Cataract,  740. 
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Cathartics,  239. 
Cathelectrotomis,  565. 
Cathode,  545. 
Caudate  nucleus,  715. 
Cavernous  forniationa,  95. 
Cells,  division  of,  841. 
Cellulose,  218. 
Cement,  225. 

,,      action  of  silver  nitrate 
on,  95. 

,,  substance,  95. 
Centre,  accelerans,  669. 

,,     ano-spinal,  644. 

,,     auditory,  713. 

,,     cardio-inhibitory,  667. 

,,     cilio-spinal,  643. 

,,     closure  of  eyelids,  659. 

,,     coughing,  660. 

,,     dilator   of  pupil,  643, 
660. 

ejaculation,  644. 
,,     erection,  644,  858. 
,,     for  coughing,  660. 
,,     for  defaecation,  644. 
,,     for    mastication  and 

sucking,  660. 
,,     for  saliva,  660. 
,,     gustatory,  713. 
,,     heat  regulating,  680. 
,,     micturition,  644. 
,,     olfactory,  713. 
,,     parturition,  644. 
,,     pupil,  660. 
,,     respiratory,  661. 
,,     sensory,  701. 
,,     sneezing,  660. 
,  •    ,,     spasm,  680. 
,,     speecli,  710. 
,,     swallo'sving,  660. 
,,     sweat,  644,  680. 

vaso-dilator,  644,  678. 
,,     vaso-motor,  644,  672. 
,,     vesico-spinal,  644. 
,,     visual,  713. 
,,     vomiting,  660. 
Centre  of  gravity,  605. 
Centrifugal  nerves,  581. 
Centripetal  nerves,  583. 
Centro-acmar  cells,  252. 
Cereals,  351. 
Cerebelhim,  723. 
Action  of  electricity  on,  725. 
Connections  of,  652. 
Function  of,  724. 
Pathology  of,  725. 
Removal  of,  724. 
Structure  of,  728. 
Cerebral  arteries,  689,  728. 
„      epileijsy,  695,  709. 
,,      fissures,  dog,  693. 
,,      inspiratory  centre,  662. 
,,      motor  centres,  706. 
„      sensoiy  centres,  713. 
,,      vesicles,  865. 
Cerebrin,  380,  531. 
Cerebro-spinal  fluid,  307. 
Cerebrum,  649. 

blood-vessels  of,  688, 
689,  727. 
,,       convolutions  of,  689. 
,,       epilepsy  of,  695. 

excision  of  centres, 
700. 


Cerebrum,  Flourens'  doctrine, 
682. 

,,       functions  of,  681. 
,,       Goltz's    theory  of, 
705. 

,,  imperfect  develop- 
ment of,  682. 

„       lobes  of,  689. 

,,  motor  regions  of, 
694. 

,,       movements  of,  727. 
, ,       removal  of,  682. 
,,       sensory  centres,  701. 
,,       structure  of,  686. 
, ,       sulci  and  gyri  of,  689. 
,,       thermal  centres  of, 
705. 

,,       weight  of,  649. 
Cerumen,  445. 

Cervical  sympathetic,  section  of, 

623. 
Chalazce,  852. 
Charcot's  ciystals,  203. 

,,       disease,  582. 
Cheese,  348. 
Chemical  affinity,  xl. 
Chess-board  phenomenon,  792. 
Chest,  dimensions  of,  176. 
Cheyiie-Stokes'  phenomenon, 

172. 
Chiasma,  585. 
Chitiu,  380. 
Chloasma,  446. 
Chloral,  674. 
Chlorophane,  740. 
Chlorosis,  17. 
Chocolate,  353. 
Cholaemia,  272. 
Cholalic  acid,  267_,  382. 
Cholestersemia,  274. 
Cholesterin,  28,  269,  275,  532. 
Choletelin,  269. 
Cholin,  531. 
Choloidinic  acid,  268. 
Choluria,  413. 
Chondrin,  379. 
Chondrogen,  379. 
Chorda  dorsalis,  867. 
Chorda  tymjaani,  600,  678. 
Chordae  tendiniae,  59. 
Chorion  Iseve,  874. 

,,      frondosum,  874. 
,,      primitive,  873. 
Choroid,  735. 
Choroidal  fissure,  892. 
Christison's  formula,  393. 
Chromatic  aberration,  757. 
Chromatin,  842. 
Chromatophores,  450. 
Chromatopsia,  587. 
Chromidrosis,  449. 
Chromophanes,  740. 
Chronograph,  481. 
Chyle,  307. 

,,    movement  of,  310. 
,,    vessels,  301. 
Chylous  urine,  418. 
Chyme,  247. 
Cicatricula,  851. 
Cilia,  451. 

„    conditions  for  movement, 
452. 

,,    effect  of  reagents  on,  452. 


Cilia,  functions  of,  452. 
Ciliary  ganglion,  591. 
,,     motion,  451. 
,,         ,,     force  of,  452. 
,,     muscle,  736,  750. 
,,     nerves,  591. 
Ciliated  epithelium,  451. 
Cilio-spinal  region,  643. 
Circle  of  WiUis,  728. 
Circulating  albumin,  356. 
Circulation,  cajjillary,  137. 
,,        duration  of,  1.36. 
,,        first,  870. 

f(jetal,  875. 
,,        portal,  .50. 
,,        pulmonary,  50. 
,,        schemata  of,  118. 

second,  870. 
,,        systemic,  50. 
Circumpolarisation,  221. 
Circumvallate  papillse,  824. 
Claustrum,  717. 
Cleft  sternum,  71. 

,,    palate,  880. 
Clerk-Maxwell's  experiment, 
764. 

Clevage  of  yelk,  862. 

,,      lines  of,  863. 

,,      partial,  866. 
Climacteric,  854. 
Clitoris,  890. 

Closing,  continued  contraction, 
569. 

Closing  shock,  549. 
Clothing,  331. 
Coagulable  fluids,  37. 
Coagulated  proteids,  377. 
Coagulation  experiments,  35. 
Coagulation  of  blood,  30,  31,  33. 
,,        theories  of,  33,  34, 
36. 

Cocaine,  760. 

Coccygeal  gland,  77,  157. 

Cochlea,  808. 

Cocoa,  353. 

Coecitas  verbalis,  703. 

Coelom,  868. 

Coffee,  353. 

Cold-blooded  animals,  318. 
Cold  on  the  body,  337. 

,,    uses  of,  339. 
Cold-spots,  836. 
Collagen,  379. 
CoUoids,  296. 
Coloboma,  892. 
Colostrum,  347. 
Colour  associations,  820. 
Colour-blindness,  778. 
acquired,  778. 
testing,  779. 
Colour  sensation,  774. 

„     Hering's  theory,  776. 
, ,    Young-Hemholtz  theory, 
776. 

Coloured  shadows,  782. 
Colourless  corpuscles,  13. 
Colour  top,  780. 
Colours,  complementary,  774. 

,,       contrast,  780. 

,,       geometricsil  table,  775. 

, ,       methods  of  mixing,  775. 

,,      mixed,  77. 

,,      simple,  774. 
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ColumeUa,  820. 
Columns  of  the  cord,  62b. 
Coma,  diabetic,  266. 
Comedo,  449. 
Common  sensation,  o<5o. 
Comparative — 

Absorption,  314. 

Circulation,  1.^7. 

Digestion,  288. 

Hearing,  820. 

Heat,  340. 

Kidney  and  urino,  io(. 

Metabolism,  385. 

Motor  organs,  508. 

Nerve  centres,  730. 

Nerves  and  electropliysiology, 

579. 

Peripheral  nerves,  624. 
Reproduction  and  develop- 
ment, 895. 
Respiration,  205. 
Sight,  795. 
Skin,  449. 
Smell,  823. 
Taste,  826. 

Voice  and  Speech,  523. 
Compensation,  554. 
Complemental  air,  166. 
Complementary  colours,  /74. 
Compound  eye,  795. 
Concretions,  284. 
Condensed  milk,  348. 
Condiments,  352. 
Conduction  in  the  cord,  633, 

646. 

Conductivity,  573. 

Conglutin,  378. 

Congo  red,  243. 

Conjugate  deviation,  588,  /08. 

Conjugation,  842. 

Connective-tissue  spaces,  302. 

Consonance,  818. 

Consonants,  521. 

Constant  current,  action  of,  482. 

Constant  elements— 

Bunsen's,  645. 

DanieU's,  545. 

Grennet,  546. 

Grove's,  545. 

Leclanche's,  546. 

Smee's,  546. 
Constipation,  287. 
Contraction,  cardiac,  86. 

fibrillar,  476. 
,,        initial,  487. 
,,        muscular  (see  Myo- 
gram). 

,,        of  blood-vessels,  95. 
,,        remainder,  480. 
,,        rhythmical,  474. 
,,        secondary,  558,  559. 
, ,        -without  metals,  556. 
Contracture,  480. 
Contrast,  780. 

colours,  774,  780.  ^ 
Convergent  lens,  action  of,  743. 
Cornea,  733. 
Coronary  vessels,  55. 

,,       effects  of  ligature  of, 
56. 

Corpora    quadrigemina,  650, 

652,  720. 
Corpulence,  366. 


Corpus  oallosum,  715. 

„     luteum,  856. 

„     spongiosum,  887. 

,,     striatum,  050,  715. 
Corresponding  points,  787. 
Cortical  blindness,  702. 
Corti's  organ,  _808. 
Cotyledons,  877. 

,,       centre  for,  660. 
Cracked  pot  sound,  179. 
Cramp,  840. 
Cranial  flexures,  865. 

,,     nerves,  584. 
Cranioscopy,  682.^ 
Creamometer,  347. 
Cremasteric  reflex,  641. 
Crepitation,  180. 
Crescents  of  Gianuzzi,  209. 
Crista  acustica,  809. 
Crossed  reflexes,  638. 
Crura  cerebri,  718. 
Crusta,  718. 

,,     petrosa,  225. 

„     phlogistica,  30. 
Crying,  183. 
Ci-ystallin,  376,  740. 
Crystalline  lens,  740. 

,,  spheres,_795. 
Crystallised  bile,  267. 
CrystaUoids,  297. 
Cubic  space,  200. 
Curara,  action  of,  471,  474,  674. 
Cutaneous  respiration,  193. 

„       trophic  affections, 
581. 

Cuticular  membrane,  225. 
Cyanogen,  25. 
Cylindrical  lenses,  757. 
Cynuric  acid,  403. 
Cyrtometer,  177. 
Cysticercus,  843. 
Cystin,  416. 
Cytozoon,  7. 

Daltonism,  778. 
Damping  apparatus,  801. 
Darby's  fluid  meat,  249. 
Death  of  a  nerve,  541. 
Debove's  membrane,  161. 
Decidua  reflexa,  873.^ 
,,      serotina,  873. 
,,     vera,  873. 
Decubitus  acutus,  582,  722._^__ 
Decussation  of  pyramids,  657. 
Defsecation,  235. 

,,       centre  for,  644. 
Degeneration,  fatty,  366,  539. 

,,  traumatic,  539. 

Deglutition,  227. 

,,        nerves  of,  229. 
Deiter's  cells,  810. 
Delomorphous  cells,  241. 
Demarcation  current,  554. 
Demodex  f  oUiculorum,  445. 
Denis's  plasmine,  33. 
Dentine,  224. 
Dentition,  226. 

Depressor  fibres,  610,  613,  674. 

nerve,  124,  610. 
Deutero-albumose,  248. 
Development,    chronology  of, 
877. 


Dextrin,  383. 
Dextrose,  383. 
Diabetes  mellitus,  264. 
Diabetic  coma,  266. 
Dialysis,  297. 
Diapedesis,  139. 
Diaphanometer,  348. 
Diaphoretics,  446. 
Diaphragm,  173. 
Diarrhoea,  288. 

Diastatic  action,  218,  2o4,  2/8, 

380. 
Diastole,  57. 
Dichroism,  18. 
Dicrotic  pulse,  106. 

,,     wave,  103. 
Diet,  adequate,  359. 

,,    effect  of  age  on,  3b0. 
„    effect  of  work  on,  360. 
„    flesh,  362. 
„    flesh  and  fat,  364. 
,,    of  carbohydrates,  363. 
,,    quality  of,  356. 
,,    quantity,  356. 
Difference  theory,  563. 
Differential  rheotom,  560. 

„        tones,  819. 
Difltnsion,  295. 

„       circles,  749. 
„        of  gases,  39. 
Digestion  during  fever,  286. 

,,       in  plants,  289. 
Digestion,  206. 

artificial,  250,  2o5. 
Digestive  apparatus,  221. 
Dilatation  of  pupil,  centre  for, 
644. 

Dilator  pupillse,  759. 
Dilemma,  685. 
DioiJtric,  757. 

observations,  742. 
Diphthongia,  523. 
Diphthongs,  521. 
Diplacusis,  813. 
Diplopia,  588,  787. 
Direct  vision,  769. 
Direction,  819. 
Discharging  forces,  470. 
Discus  proligerus,  850. 
Disdiaclasts,  462. 
Dissociation,  193. 
Dissonance,  818. 
Distance,  estimation  of,  793. 
,,       false  estimate  of,  793. 
smallest  appreciable. 
833. 
Diuretics,  422. 
Division  of  cells,  841. 
Double  conduction  in  nerve, 
573. 

Double  contact,  feeling  of, ^831. 

Double  images,  neglect  of,  789. 

Dreams,  685. 

Drepanidium,  7. 

Dromograph,  133. 

Dropsy,  312. 

Duct  of  Cuvier,  884. 

,,      Gaertner,  889. 
Ductus  ai-teriosus,_876. 

,,     venosus,  876. 
Dura  mater,  726. 
Dust  particles,  200. 
Dys-albumose,  248 


908 


INDEX. 


Dysohromatopsy,  778, 
Dyslysiii,  268. 
Dysperistalsis,  237. 
Dyspnoea,  171,  196,  663. 

Kiir,  797. 

,,   conduction  in,  798. 

,,  ilevelopinont  of,  894. 

,,   externa],  799. 

,,   fatigue  of,  820. 

,,   fineness  of,  813. 

,,   labyrinth  of,  893. 

,,   meatus  of,  799. 

,,   ossicles  of,  801. 

,,   speculum,  800. 

,,   tympanum  of,  799. 
Earthy  phosphates,  406. 
Eccentric  hypertropliy,  60. 
Echo  speech,  686. 
Ectoderm,  863. 
Ectopia  cordis,  67. 
Efferent  nerves,  581. 
Effusions,  312. 
Egg  albumin,  376,  411. 
Eggs,  349. 

Ejaculation,  centre  for,  644. 
Elastic  after-affect,  96,  492. 
,,     elevations,  105. 
,,     tension,  130. 
,,     tubes,  92. 
Elasticity  of  blood-vessels,  96. 
,,       lens,  750. 
,,       lungs,  165. 
,,       muscle,  491. 
Elastin,  379. 

Electrical  charge  of  body,  579. 

,,       fishes,  579. 

„       nerves,  573. 

,,       organs,  580. 
Electrical  currents  of  muscle, 
554,  557. 

,,       eye,  561. 

,,       glands,  561. 

,,       heart,  558. 

,,       mucous  membranes, 
661.  _ 

.,       nerve,  554,  557. 

,,       plants,  565. 

,,       skin,  561. 
Electricity,  therapeutical  uses, 
574. 

Electrodes,  non-polarisable,  547. 

, ,        other  forms,  574. 
Electrolysis,  545. 
Electrometer,  554. 
Electro-motive  force,  541. 
Electro-physiology,  541. 
Electro-therapeutics,  574. 
Electrotonus,  561. 

,,  currents  in,  561. 

, ,  in  conductors,  562. 

,,  in  inhibitory 

nerves,  567. 
,,  in  motor  nerves, 

561,  565. 
in  muscle,  567. 
,,  in  sensory  nerves, 

567. 

Eleidin,  438. 

Elementary  granules  of  blood. 

Embryo  formation  of,  869, 
Emetics,  2-32. 


Emmetropic  eye,  750,  753. 
Emotions,  expression  of,  523. 
Emulsiftcation,  256. 
Emulsin,  312. 
Emulsion,  256. 
Emydin,  377, 
Enamel,  225. 
Enamel-organ,  225. 
Enchylema,  842. 
•  End-arteries,  148. 

„   bulbs,  828. 

,,   organs,  581. 

,,   plate,  458. 
'  Endocardial  pressure,  67. 
Endocardium,  54. 
Endoderm,  803. 
Endolymph,  808. 
Endomysium,  453, 
i  Endoneurium,  530. 
Endosmometer,  296. 
Endosmosis,  295. 
Endosmotic  equivalent,  296. 
Enemata,  301. 

Energy,  conservation  of,  xli. 

,,      potential,  xli. 
Eneuresis  nocturna,  437. 
Entoptical  phenomena,  762. 

,,       pulse,  763. 
Entotical  perceptions,  820. 
Enzym,  379. 
Epiblast,  863. 
Epicardium,  51. 
Epidermal  appendages,  369. 
Epididymis,  845. 
Epidural  space,  727. 
Epigenesis,  869. 
Epiglottis,  229. 

„       injury  to,  229. 
EpQepsy,  680,  695. 
Epineurium,  529. 
Epiphysis  cerebri,  722. 
Epithelium,  ciliated,  159,  451. 
Eponychium,  440. 
Equator,  561. 

Eqmlibrium,  603,  647,  682. 
Erectile  tissue,  857. 
Erection,  centre  for,  857. 

,,      of  penis,  857. 
Erect  vision,  749. 
Errhines,  183. 
Erythrochlorophy,  778. 
Erythro-dextrin,  218. 

,,     -granulose,  383. 
Esbach's  method,  410. 
Eserine,  761. 
Ether,  xxxvi. 
Eudiometer,  40. 
Eukalyn,  384. 
Euperistalsis,  237. 
Eupnoea,  663. 
Eustachian  catheter,  806. 

_  „    _    tube,  805. 
Excitability,  action  of  poisons 
on,  646. 

Excitable  points  of  a  nerve,  541, 
Excito-motor  nerves,  683, 
Excretin,  282. 

Excretion  of  faecal  matter,  233. 
Exophthalmos,  783, 
Expectorants,  202. 
Experimentum  mirabile,  686. 
Expiration,  169. 
Expiratory  muscles,  173. 


Explosives,  .521. 
Extensor  tetanus,  637. 
External  ca))Hule,  717, 
„      genitals,  890. 
Extra-cin-rent,  549. 
Extrajtolar  region,  565. 
Extremities,    development  of 
871. 

Exudation,  313. 
Eye,  733. 
„   accommodation  of,  749. 

artificial,  748. 
,,   astigmatism,  758. 
, ,   chromatic  •  aberration  of, 
757. 

,,    compound,  793. 
„   development  of,  892. 
, ,    effect  of  electrical  currents. 
763. 

,,    emmetropic,  750. 
„    entoptical  phenomena,  762. 
,,    epiphysial,  796. 
,,    excised,  761. 
,,    fundus  of,  766. 
,,    hypermetropic,  754. 
, ,    illumination  of,  764. 
,,    movements  of,  782. 
,,    muscles  of,  782. 
,,   myopic,  754. 
,,    pineal,  796. 
,,    presbyopic,  755. 
,,    protective  organs  of,  793. 
„    refractive  power  of,  753. 
,,    structure  of,-  733. 
Eyeballs,  axis  of,  783. 

,,      movements  of,  785. 

,,      muscles  of,  785. 

,,      planes  of,  783. 

, ,      positions  of,  784. 

,,      protrusion  of,  783. 

,,      retraction  of,  783. 

„      simultaneous  move- 
ments of,  780. 
Eye-currents,  561. 
Eyelids,  793. 

Facial  nerve,  599. 
Faecal  matter,  283, 

„         excretion  of,  233. 
Fainting,  61. 
Fallopian  tubes,  853. 
Fall-rhetom,  563. 
Falsetto  voice,  578. 
Faradic  current,  549. 
Faradisation  in  paralysis,  577. 
Far  point,  753. 
Fascia,  lymphatics  of,  310. 
Fatigue  of  muscle,  495. 

„      stuffs,  496. 
Fats,  381. 

,,    decomposition  of,  256. 

, ,   metabolism  of,  363. 

,,    origm  of,  364. 
Fat-splitting  ferment,  256. 
Fatty  acids,  381. 

, ,    degeneration,  366. 
Febrifuges,  336. 
Fechner's  law,  732. 
Fehling's  solution,  220,  414. 
Fermentation,  354. 

„         in  intestine,  279. 
„         test.  221, 
Ferments,  380. 
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Ferments,  fate  of,  279. 
,,       organised,  3S0._ 
,,        unorganised,  370. 

Fertilisation  of  ovum,  860. 

Fever,  335. 

„     after  transfusion,  147. 

Fibres  of  Tomes,  224. 

Fibrillar  contraction,  476. 

Fibrin,  17,  30,  31. 

Fibrin-factors,  35. 

Fibrin-ferment,  35. 

Fibrinogen,  34,  376. 

Fibrinoplastin,  34. 

Fibroin,  378. 

Field  of  vision,  749. 

„  contest  of,  791. 

Filaria  sangmnis,  418. 

Filiform  papillffi,  824. 

Filtration,  297. 

First  respiration,  discharge  of, 
666. 

,,     effects  of,  on  tborax,  182. 
Fish  extract,  356. 
Fission,  841. 
Fistula,  biliary,  271. 
,,      gastric,  247. 
,,      intestinal,  277. 
,,      pancreatic,  253. 


pyloric,  245. 
Thiry's,  277. 
Vella's,  277. 


Flame  spectra,  21. 
Flavour,  823. 

Fleischl's  law  of  contraction, 
568. 

hsemometer,  20. 

Flesh,  349. 
Flight,  509. 
Floor-space,  201. 
Flourens'  doctrine,  682. 
Fluid  vein,  140. 
Fluids,  flow  of,  89. 

introduction  of,  222. 
Fluorescence,  774. 

„         of  eye,  749. 
Fluorescin,  742. 
Focal  distance,  743. 
,,    line,  752. 
,,    point,  744. 
Foetal  circulation,  875. 

„    membranes,  873. 
Follicles,  sohtary,  293. 
Fontana's  markings,  532. 
Fontanelle,  pulse  in,  115. 
Foods,  isodynamic,  316. 
,,     plastic,  356. 
,,     quantity,  356,  358. 
,,     respiratory,  356. 
,,     utilisation  of,  350. 
,,     vegetable,  350. 
Forasnen  ovale,  876. 

,,       of  Magendie,  726. 
Force  of  accommodation,  755. 
Forced  movements,  721. 
Forces,  xxxvii. 
Fore-gut,  869. 
Formatio  reticularis,  658. 
Formative  cells,  865. 
Fovea  cardica,  869. 

,,    centralis,  739,  769. 
Fractional  heat  coagulation,  38. 
Free  acid,  formation  of,  245. 
Fremitus,  180. 


Friction  sounds,  180. 
Frog  current,  557. 
Fromann's  lines,  529. 
Friiits,  352. 

Fundamental  note,  814. 
Fundus  glands,  241. 
Fungi,  279. 

Fungiform  papillae,  824. 

<iaertncr,  ducts  of,  889. 
Galactorrhuja,  345. 
Galactose,  383. 
Gallop,  508. 
GaU  stones,  287. 
Galton's  whistle,  812. 
Galvanic  battery,  545. 

excitability,  578. 
Galvano-cautery,  579. 
Galvanometer,  544. 

„  reflecting,  54/. 

Galvano-puncture,  579. 

tonus,  536. 
Gamgee's  method,  35. 
Ganglionic  arteries,  689. 
Gangrene,  583. 
Gargling,  183. 
Gaseous  exchanges,  188. 
Gases,  absorption  of,  39. 
„     diffusion  of,  39. 
,,     extraction  of,  40. 
,,     in  blood,  39. 

in  lymph,  195. 
,,     in  stomach,  252. 
„     indifferent,  200. 
,,     irrespirable,  200. 
„     jjoisonous,  199. 
,,     respired,  188. 
Gaskell's  clamp.  80. 
Gas-pump,  41. 
Gasserian  ganglion,  591. 
Gas-sphygmoscope,  101. 
Gastric  digestion,  247. 

„     conditions  affecting,  250. 
„     fistula,  247. 
,,     pathological  variations, 
286. 

Gastric  giddiness,  606. 
Gastric  juice,  241. 

,,     action  of  drugs  on,,  246. 

,,     action  on  tissues,  251. 

, ,     actions  of,  247. 
artificial,  2. 
Gaule's  experiment,  7. 
Gelatin,  251,  379. 
Gelatin  v.  albumin,  362. 
Gemmation,  842. 
Genital  cord,  889. 

„     corpuscles,  829. 

„     eminence,  889. 
Genu  valgum,  503. 

varum,  503. 
Geometrical  colour-table,  775. 
Gerlach's  theory,  629. 
Germ-epithelium,  849,  868. 
Germinal  area,  863. 

,,      membrane,  863. 
Germinating  cells,  304. 
Germs,  200. 

Gestation,  period  of,  878. 
Giddiness,  601,  605. 
Ginglymus,  498. 
Giraldes,  organ  of,  889. 
Girdle  sensation,  648. 


Gizzard,  231. 
Glance,  791. 

Glands,  albuminous,  20b. 
liowman's,  821. 
Bi-unner's,  276,  293. 
buccal,  206. 
„      carotid,  77,  157. 

ceruminous,  445. 
„      changes  in,^209. 
,,     coccygeal,  77,  157. 

Ebner's,  206. 
,,  fundus,  241. 
,,      Harderian,  796. 

lachi-ymal,  794. 
,       Liebcrkuhn's,  277,  293. 
„      lingual,  206. 
„      lymph,  304 
,,      mammary,  343. 
,,      Meibomian,  793. 
,,      mixed,  209. 
„      Moll's,  443. 
,,      mucous,  206. 
,,      Nuhn's,  206. 
,,      parotid,  214. 

peptic,  241. 
„      Peyer's,  294. 
„      pyloric,  241. 
,,      salivary,  206. 
,,      sebaceous,  442. 
,,      serous,  206. 
„      solitary,  293. 
,,      sublingual,  214. 
„      submaxiUaiy,  209. 
,,      sweat,  442. 
,,      uterine,  853. 
,,      AVeber's,  206. 
Glaucoma,  594. 
Gliadin,  378. 
Glissou's  capsule,  259. 
Globin,  377._ 
Globulins,  376. 
Globuloses,  248. 
Glomerulus,  387. 
Glosso-pharyugeal  nerve,  606. 
Glossoplegia,  615. 
Glossy  skin,  582. 
Glottis,  512. 
Glucose,  264,  383,  413. 

tests  for,  220,  414. 
Glucosides,  380. 
Glutamic  acid,  385. 
Gluteal  refiex,  641. 
Gluten,  378. 
Glycerin,  381,  382. 

„       method,  219. 
Glycerin-phosphoric  acid,  382. 
Glycin,  384. 
Glycocholic  acid,  267. 
Glycogen,  262,  383. 
Glycolic  acid,  382. 
Glycosuria,  264,  413. 
Gmelin-Heintz'  reaction,  269. 
Goblet  cells,  291. 
Goitre,  154. 
GoU's  column,  633. 
Goltz's  balancing  experiments, 
583. 

,,      croaking  experiment, 
638. 

,,      embrace  experiment, 
638. 

tesophagus  experiments, 
229. 
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Gorham's    pupil  photometer, 
761. 
.  Gout,  48. 

Graafian  follicle,  849. 
■  Gracilis  experiment,  574. 
.Granilry 's  cori)U8oles,.  829. 
Granules,  elementary,  17. 
Gran\ilose,  '218.     .  •      .  " 
Grape-sugar,  383,  413. 

„  .       absorption  of,  298. 

,,  estimation  of ,.  221. 

,,  injection  of,  264. 

,,  in  urine,  418. 

„         tests  for,  220. 

,,  volumetric  analy- 

sis, 414. 
Gravitation,  xxxvii. 
Great  auricular  nerve,  675.  . 
Green-blindness,  778. 
Green  vegetables,  352.  '■' 
Growth,  372. 
Guanidin,  482. 
Guanin,  439,  453. 
Guarana,  353. 
Gubernaculum  testis,  889. 
Gum,  384, 

Gustatory  centre,  704,  713. 

,,       fibres,  600. 
region,  823. 

,,       sensations,  825. 
Gymnastics,  503. 
Gymnotus,  580. 
Gyri,  649, 

Hay's  reaction,  268,  413. 
Haamacytometer,  5. 
Hfemadynamometer,  119. 
Hsematin,  25,  26. 
Hjematoblasts,  17. 
Hpematohidrosis,  449. 
Hpematoidin,  27. 
Hsematoma  aurium,  583. 
Hrematoporphyrin,  26. 
Hfematuria,  411. 
Hremautography,  101. 
Hfemin  and  its  tests,  26,  412. 
Hsemochromogen,  26. 
Haemocyanin,  38. 
Hfemocytolysis,  7. 
Hsemocytometer,  5. 
Hsemocytotrypsis,  7. 
Hfemodromometer,  133. 
Hfemodynamometer,  119. 
Hsemoglobin,  18. 

•,,  amount  of,  20. 

„  analysis,  18. 

carbonic  oxide,  24. 

, ,  comj)ounds  of,  22. 

,,  crystals,  18. 

„  decomposition  of, 

25. 

,,  estimation  of,  19. 

,,         nitric  oxide,  25. 

„         isathological,  21. 

,,  preparation,  19. 

,,  i^roteids  of,  28. 

,,  reduced,  23. 

,,         spectrum,  22. 
Hfemoglobinometer,  19. 
Hsemoglobinuria,  411, 
Hiemometer,  20. 
H;emophilia,  32. 
Hiemorrhage,  death  by,  48. 


Hemorrhage,  efl'ect  on,  672. 
Hsemorrhagic  diutlieBiB,  32. 
Hiemotachometer,  133. 
Haidinger's  brushes,  764. 
Hair,  440. 
,,    cells,  810. 
,,    follicle,  441. 
Halisterisis,  503. 
Hallucinations,  732. 
Hammarsten,  34. 
Hanimarsten  on  blood,  34. 
Harderian  gland,  796. 
Hare-lip,  879. 
Harmony,  818. 
Harrison's  groove,  171. 
Hassall's  corpuscles,  164. 
Hawking,  183. 
Hay's  test,  268. 
Head-fold,  869. 
Head-gut,  869. 
Hearing,  797. 
Heart,  51. 

,,     accelerated  action,  67. 

,,     action  of  fluids  on,  81. 

,,     action  of  gases,  85. 

,,    action  of  poisons  on,  83, 
85. 

,,    apex,  82. 
,,     apex  beat,  61. 
,,     arrangement   of  fibres, 
51. 

,,     aspiration  of,  129. 
,,     auricular  systole,  57. 
,,     automatic  centres,  78. 
,,     automatic  regulation,  55. 
„     blood-vessels  of,  56. 
,,     changes  in  shape,  65. 
, ,     chordae  tendinise,  59. 
,,     cutting  experiments,  69. 
,,     development  of,  869, 882. 
,,     diastole,  57. 
,,     duration  of  movements, 
74. 

,,     endocardium,  54. 
, ,     examination  of,  76. 
,,     frog's,  77. 
,,     ganglia  of,  76. 
,,     hypertrophy  of,  60, 

impulse  of,  61. 
,,     innervation  of,  76. 
,,     movements  of,  57. 
,,     muscular  fibres,  53. 
,,     myocardium,  51, 
,,     nerves,  76. 
,,     nutritive  fluids,  79. 
,,     palpitation  of,  60. 
,,     pause  of,  59,  66. 
,,     pericardium,  54. 
,,     Purkinje's  fibres,  55. 
,,     regulation  of,  55. 
,,     section  of,  80. 
,,     sounds  of,  71. 
,,     staircase  beats  of,  81,  84. 
,,     systole,  57. 
,,     valves  of,  54. 
,,     weight,  55. 
,,     work  of,  136. 
Heat,  xxxix. 

,,    balance  of,  331. 
,,    calorimeter,  324. 
„    centres,  329,  705^ 
,,    conductivity,  325. 
„    dyspnoea,  171,  664. 


Heat,  employment  of,  337, 
,,    estimation  of,  324. 
; ,    excretipn  of,  330. 

income  and  expenditure 
332.  ' 
,,    in  inflamed  parts,  339. 
,,    in  muscle,  493. 
,,    latent,  315. 
,,    production,  317. 
,      ,,    regulating  centre,  329. 
.   , ,    relatioji  to  work,  333. 
,,    sources  of,  315. 
,,    specific,  324. 
,,    stiffening,  468. 
,,    storage  of,  334. 
,,    units,  xl,  316. 
,,    variations  in  production, 
333. 

Helicotrema,  808. 
HeUer's  test,  202,  409. 

,,      blood-test,  412. 
Helmholtz's  modification,  549. 
.  Hemeralopia,  587. 
Hemialbumin,  248. 
Hemialbumose,  247. 
Hemianesthesia,  714. 
Hemiano2)sia,  586. 
Hemicrania,  678. 
Hemiopia,  586. 
Hemipejatone,  248. 
Hemiplegia,  707. 
Hemisystole,  71. 
Henle's  loop,  387. 

,,      sheath,  530, 
Hen's  egg,  851. 
Henseu's  experiments,  818. 
Hepatic  cells,  260. 

,,       chemical  composition 
of,  262. 

,,      zones,  260. 
Hefiatogenic  icterus,  273. 
Herbst's  corpuscles,  829. 
Hermann's    theory   of  tissue 

currents,  563. 
Herpes,  582. 
.  Hetero-albumose,  248. 

,,     -xanthin,  401. 
Heterologous  stimuli,  731. 
Hewson's  exiieriments,  33. 
Hiccough,  183. 
Hippocampus,  687. 
Hippuric  acid,  402. 
Hippus,  588. 
Histo-hsematin,  156. 
Historical — 

Absorption,  314. 

Circulation,  158. 

Digestion,  289. 

Hearing,  820. 

Heat,  340. 

Kidney  and  urine,  437. 
Metabolism,  385. 
Nerves  and  electro-physiology, 
579. 

Nerve-centres,  730. 
Peripheral  nerves,  624. 
Reproduction   and  develop- 
ment, 896. 
Respiration,  205. 
Sight,  795. 
Skin,  449. 
Smell,  823. 
Taste,  826. 
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Historical — 

Voice  and  speech,  523. 
Hoarseness,  523. 
Holoblastic  ova,  851. 
Homoiotliermal  animals,  6I0. 
Homologous  stimuli,  731. 
Horopter,  788. 
Hot-spots,  836. 
Howship's  lacunre,  882. 
Humour,  aqueous,  720. 
Hunger  and  starvation,  360. 
Hyaloid  canal,  7'11. 
Hybernation,  339. 
Hybrids,  860. 
Hydatids,  844. 
Hydriemia,  48. 
Hydramnion,  871. 
Hydrobiliriibin,  269. 
Hydrocele,  34. 
Hydrocephalus,  728. 
Hydrochinon,  404. 
Hydrochloric  acid,  243. 
Hydrocyanic  acid,  25^ 
Hydrogen  in  body,  373. 
Hydrolytio  ferments,  379. 
Hydronephrosis,  436. 
Hydrostatic  test,  165. 
Hydroxylbenzol,  404.__ 
Hyo-cholalic  acid,  267. 
Hypakusis,  604. 
Hypalgia,  839. 
Hypersestliesia,  646. 
Hyperakusis,  604. 
Hyperalgia,  604. 
Hyperdicrotism,  106. 
Hypergeusia,  826. 
Hyperglobulie,  47. 

Hyperidrosis,  448. 

Hyperkinesia,  646. 

Hypermetropia,  754. 

Hyperoptic,  754. 

Hyperosmia,  584. 

Hyperpselaphesia,  838. 

Hypertrophy  of  heart,  60,  70. 
,,         of  muscle,  504. 

Hypnotism,  686. 

Hypoblast,  863. 

Hypogeusia,  826. 

Hypoglossal  nerve,  615. 

Hypophysis  cerebri,  156,  722. 

Hypopselaphesia,  838. 

Hyposmia,  584. 

Hypospadias,  890. 

Hypoxanthin,  385. 

iciifiiiaiu,  377. 

Icterus,  273. 
Identical  points,  787. 
Ileo-colic  valve,  233. 
Ileus,  233. 

Illumination  of  eye,  764. 
Illusion,  732. 

Images,  formation  of,  747. 
Imbibition  currents,  564. 
Impregnation,  861. 
Impulse,  cardiac,  61. 
Impulses  in  brain,  course 

653. 
Inanition,  360. 
Incisures,  528. 
Income,  358. 
Indican,  404. 
Indifferent  point,  554. 


Indigo  blue,  404. 
Lidigo-carmine  test,  414. 
Indigogen,  404.  ^ 
Indirect  vision,  769. 
Indol,  255,  282. 
Induction,  549.  _ 
Inductorium,  551. 
Inferior  maxillary  nerve,  o9j. 
Inliibition,  nature  of,  640. 
Inhibition  of  reflexes,  639. 
Inhibitory  action  of  brain,  706 
, ,       nerves,  583. 

for  heart,  667. 
for  intestine,  238. 
„       for  respiration,  665, 
Inion,  714. 

Initial  contraction,  487. 
Inosinic  acid,  385. 
Inosit,  384. 

Insectivorous  plants,  289. 
Inspiration,  169. 

„        centre  for,  662. 

muscles  of,  172.  ■ 
,,        ordinary,  172. 
Intelligence,  degree  of,  684. 
Intercellular  blood-channels,  95. 
Intercentral  nerves,  583. 
Intercostal  muscles,  174. 
Interference,  818. 
Interglobular  spaces,  225. 
Interlobular  vein,  259. 
Internal  capsule,  716. 

reproductive  organs, 
888. 

„      respiration,  159,  194. 
Intestinal  fistula,  277. 
,,       gases,  279. 
,,       juice,  278. 

,,    actions  of,  278. 
,,       paresis,  238. 
Intestine,  233. 

,,       artificial  circulation, 
238. 

,,       development  of,  886. 
„       effect  of  drugs  on, 
239. 

fermentation  pro- 
cesses in,  279. 
,,      large,  283,  294. 
, ,      movements  of,  233. 
„       small,  290. 
Intralabyrinthine  pressure,  810. 
Intralobular  vein,  259. 
Intraocular  pressure,  594,  742, 
762. 

Intrathoracic  pressure,  181. 
Intravascular  hemorrhage,  676. 
Inulin,  384. 
Inunction,  449. 
Invertin,  281. 
Invert  sugar,  281. 
Inverted  image,  747. 
Ions,  545. 
Iris,  736. 
,,  action  of  poisons  on,  760. 
,,  blood-vessels  of,  737. 
of,      ,,  functions  of,  758. 
, ,  movements  of,  759. 
,,   muscles  of,  759. 
,,  nerves  of,  759. 
Irradiation,  780. 

„        of  pain,  648,  839. 
Ischuria,  436. 


Island  of  Reil,  690. 
Isodynamic  foods,  316. 
Isolated  beats,  818.  • 
Isometrical  act,  487. 
Isotropous,  476. 

..lacKsonlaii  epilepsy,  695,  709. 
Jacobson''s-  organ,  822. 
Jaeger's  types,-  755. 
Jaundice^  272. 
Jaw-jerk,  643. 
Joints,  498. 

„     arthrodial,  499. 
,,     ball  and  socket,  499. 
„     ginglymus,  498. 
mechanism  01,  490. 
•   „     rigid,  499. 

, ,     screw-hinge,  499. 
Juice  canals,  302. 


Kavyokinesis,  842. 
Karyomiton,  842. 
Karyoplasma,  842. 
Katabolic  metabolism,  341. 

„       nerves,  583. 
Katalepsy,  686. 
Rations,  545. 
Keratin,  378. 
Keratitis,  602. 
Keys — 

Capillary  contact,  553. 
Friction,  552. 
Plug,  552. 
Kidney,  386. 

blood  of,  426. 
chemistry  of,  426. 
,,      conditions  affecting, 
427. 

, ,      reabsorption  in,  424. 

,,      structure  of,  386. 

,,      volume  of,  428. 
Kinassodic  substance,  645. 
Kinetic  energy,  315. 

,,     theory,  604. 
Klang,  811. 

Knee  phenomenon,  643. 
„    -jerk,  643. 
„    reflex,  643. 
Koenig's    monometric  flames, 

815. 
Koumiss,  348. 
Krause's  end-bulbs,  828. 
Kreatin,  385. 
Kreatinin,  385,  401. 

,,        properties,  401. 
„        quantity,  401. 
, ,       test,  401. 
Kresol,  385. 

Kryptophanio  acid,  405. 
KlUme's  artificial  eye,  74. 

experiments,  556,  573. 
,,      pancreas  powder,  256. 
Kymograph,  119. 

Fick's,  121. 
Hering's,  121. 
„         Ludwig's,  119. 
Kyphosis,  503. 

I.all>inls,  522. 
Labour,  power  of,  894. 
Ijabyrinth,  806. 
Lachrymal  apparatus,  794. 
Lacteals,  290,  302. 
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Lactic  acid,  243,  ;M0,  382. 

,,        fonnent,  251. 
Lactometer,  347. 
Lactoprotein,  346. 
Lactoscopo,  348. 
Lactose,  383. 
Liuvulose,  281,  383. 
Lagophthalmiis,  588. 
Lambert's  method,  774. 
Lamina;  dorsales,  8(i5. 
Lamina  spiralis,  808. 
Laugmige,  711. 
Lanoline,  445. 
Lanugo,  442. 
Lapping,  222. 
Lardacein,  377. 
Large  intestine,  283,  294. 

,,  absorption  in, 

283. 

Laryngoscope,  515. 
Larynx,  cartilages  of,  510. 

dviring  respiration,  517. 
,,      experiments  on,  518. 
„      illumination  of,  515. 
,,      mucous  membrane  of, 
514. 

, ,      muscles  of,  511. 

,,      view  of,  516. 

,,      vocal  cords,  510. 
Latent  heat,  315. 

,,  period,  480. 
Lateral  plates,  868. 
Laughing,  183. 

Law  of  conservation  of  energy, 
xli. 

,,    contraction,  568. 

,,    isolated  conduction,  573. 

,,    peripheral  perception,  830. 

, ,    specific  energy,  731. 
Leajiing,  507. 
Lecithin,  28,  381,  531. 
Legumin,  351. 
Lens,  chemistry  of,  740. 

,,     crystalline,  740. 

„     development  of,  893. 
Lenticular  nucleus,  716. 
Leptothrix  epidermalis,  449. 

„        buccalis,  217. 
Leucic  acid,  382. 
Leucin,  255. 
Leucocytes,  13. 
Leucoderma,  582. 
Leucomaines,  249. 
Leukaemia,  18. 
Levers,  501. 
Lichenin,  384. 
Lieben's  test,  405. 
Lieberklilm's  glands,  277. 

jelly,  377.  _ 
Liebermann's  reaction,  376. 
Liebig's  extract,  350. 
Life,  xli. 
Limbic  lobe,  704. 
Limb  plexus,  620. 
Liminal  intensity,  731. 
Line  of  accommodation,  753. 
Ling's  system,  503. 
Lingual  nerve,  596. 
Lipaemia,  47. 
Liquor  sanguinis,  29. 
Listing's  reduced  eye,  747. 

„   •   law,  784. 
Liver,  258. 


Liver,  action  of  drugs  on  cells, 
261. 

„     chemical  composition, 

,,     cirrhosis  of,  262. 
,,     development  of,  887. 
„     fat  in,  264. 
,,     functions  of,  266. 
,,     glycogen  in,  263. 
■ , ,    influence  on  metabolism, 
271. 

„     pathology  of,  262. 

,,     pulse  in,  143. 

,,     regeneration  of,  262. 

,,     structure  of,  258. 
Lobes  of  brain,  689. 
Locality,  sense  of,  830. 

,,      illusions  of,  833. 
Lochia,  895. 
Locomotor  ataxia,  647. 
Lordosis,  503. 
Loss  by  skin,  194. 
Loss  of  weight,  361. 
Lowe's  ring,  764. 
Lungs,  159. 

,,      chemical  composition  of, 
165. 

,,      development  of,  886. 

,,      elastic  tension   of,  87, 
130,  166. 

,,      examination  of,  177. 

,,      excision  of,  165. 

,,      limits  of,  177. 

,,      physical  properties,  165. 

,,      structure  of,  161. 

,,      tonus,  165. 
Lunule,  440. 
Lutein,  856. 

Luxus  consumption,  356. 
Lymph,  306. 

,,      movement  of,  310. 
„      gases  of,  195,  308. 
Lymphatics,  301. 

,,         of  eye,  741. 
,,  origin  of,  301. 

Lymph-corijuscles,  305. 

,,     origin  and  decay  of,  309. 
Lymph-follicles,  304. 
, ,     glands,  304. 
hearts,  311. 

Macropia,  588. 
Macula  lutea,  739. 
MaculjB  acusticse,  809. 
Madder,  feeding  with,  371. 
Magnetisation,  549. 
Magneto-induction,  550. 
Major  chord,  812. 
Malapterm'us,  579. 
Malt,  354. 
Maltose,  218,  383. 
Mammary  glands,  343. 

,,        changes  in,  343. 

,,        development  of,  344. 

„        structure  of,  343. 
Manometer,  119. 

frog,  82. 

,,         maximum,  59. 

,,         minimum,  59. 
Manometric  flames,  815. 
Marey's  tambotir,  67. 
Margarin,  438. 
Marginal  convolutions,  690. 


Mariotte's  experiment,  768. 
Massage,  503. 
Mastication,  223. 

„         muscles  of,  223. 
,,         nerves  of,  223. 
Mate,  353. 
Matter,  xxxvi. 
Maturation  of  ovum,  861. 
Meat  soup,  350. 
Meckel's  cartilage,  880. 

,,       ganglion,  595. 
Meconium,  275. 
Medulla  oblongata,  655. 

Functions  of,  359. 

Grey  matter  of,  657. 

Reflex  centres  in,  659. 

Structure  of,  655. 
Medullary  groove,  864. 

tube,  885. 
Meibomian  glands,  793. 
Meiocardia,  86. 

Meissner's  plexus,  230,  236,  294. 

Melansemia,  18. 

Melanin,  381. 

Melitose,  383. 

Mellitaemia,  47. 

Mellituria,  47. 

Membrana  decidua  menstrualis, 
873. 

,,       flaccida,  800. . 

,,       reticularis,  810.  , 

,,       reuniens,  870. 

,,       secundaria,  806. 

,,       tectoria,  810. 

,,       tympani,  799. 
Membranes  of  brain,  726. 
Meniere's  disease,  605. 
Menopause,  854. 
Menstruation,  854. 
Mercurial  balance,  834. 
Merkel's  cells,  829. 
Meroblastic  ova,  851. 
Mesentei-y,  development  of,  887. 
Mesoblast,  864. 
Mesonephros,  889. 
Metabolic  equilibrivmi,  355. 

,,       phenomena,  341. 
Metabolism,  341. 

,,  in  anaemia,  48. 

, ,         on  flesh  and  other 
diets,  362. 
Metakresol,  404. 
Metalbumin,  376. 
MetaUic  tinkling,  180. 
Metalloscopy,  839. 
Metamorphosis,  843. 
MetaneiDhros,  889. 
Meteorism,  238. 
Methfemoglobin,  23. 
Methylaraine,  384. 
Meynert's  iirojection  systems, 
650. 

,,         theory,  684. 
Micrococci,  41. 
Micrococcus  urese,  408. 
Microcytes,  17. 
Micropyle,  850. 
Microscope,  137. 
Micro-organisms,  284. 
Micro-spectroscope,  21. 
Micturition,  434. 

, ,         centre  for,  644. 
Migration  of  o^nini,  860. 
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Milk,  345. 
„    action  of  drugs  on,  347. 
„    coagulation  of,  346. 
„    colostrum,  343. 
, ,    composition  of,  344. 
,,    curdling    ferment,  243, 
346. 

„    digestion  of,  250. 

„    fever,  345,  895. 
globules  of,  345. 

,,    peptonised,  258. 
plasma,  345. 

,,    preparations  of,  348. 

,,    substitutes  for,  347. 

,,    sugar,  346. 

, ,    tests  for,  347. 
Millon's  reagent,  375. 
Mimetic  spasm,  603. 
Mimicry,  523. 
Minor  chord,  812. 
Mitosis,  842. 
Mixed  colours,  774. 
Modiolus,  808. 

Molecular  basis  of  chyle,  306. 
Slolecules,  xxxvi 
Molisch's  test,  222. 
Monoplegia,  709. 
Monospasm,  710. 
Moore's  test,  220. 
Moreau's  experiment,  278. 
Mormyrus,  579. 
Morphology,  sxxv. 
Morula,  862. 
Motion,  illusious  of,  780. 
Motor  areas,  706. 
Motor  centres,  dog,  691,  695. 

„     excision  of,  699. 

,,     in  man,  698. 

,,     in  monkey,  696. 

,,     nerves,  58l. 

,,     paths,  653. 

,,     points  on  the  surface, 
575. 

Mouth,  206. " 

,,      glands  of,  206. 
Mouvements  de  manege,  721. 
Movements  of  the  eye,  782. 

,,         acquired,  700. 

,,        forced,  721. 

,,        inco-ordinated,  619. 
Mucedin,  378. 
Mucigen,  291. 
Mucin,  267,  378. 
Mucous    membrane  currents, 
561. 

Mucous  tissue,  741. 

Mucus,  effect  of  drugs  on,  201. 

,,      formation  of,  201,  267. 
Mulberry  mass,  862. 
Mulder's  test,  220. 
Muller's  ducts,  888. 

„      experiment,  88,  112. 

,,      fibres,  738. 

,,  valve,  184. 
Blultiplicator,  543. 
Murexide  test,  400. 
Murmurs,  cardiac,  74. 

,,       venous,  141. 
Muscre  voUtantes,  762. 
Muscarin,  669. 
Muscle,  453. 

„      action  of  two  stimuli 
on,  484. 


Bluscle,  aotion  of  veratrin,  483. 

„      active  changes  in,  475. 

,,      arrangement  of,  500. 

,,  atrophic  proliferation 
of,  504. 

,,      blood-vessels  of,  457. 

,,      cardiac,  51,  460. 

,,  changes  during  con- 
traction, 475. 

,,  chemical  composition, 
462. 

,,      current,  547. 
,,      curve  of,  479. 
,,      degenerations  of,  504. 
,      development  of,  640. 
,,      eiTect  of  acids  on,  469. 
,,      effect  of  cold  on,  469. 
,,      effect  of  distilled  water 

on,  469. 
effect  of  exercise  on, 

503. 

,,      effect  of  heat  on,  468. 

elasticity  of,  491. 
, ,      electric  currents  of,  554. 
,,      excitability  of,  470. 
,,      extractives  of,  465. 
,,      fatigue  of,  495. 
,,      ferments,  463. 
,,      flbrillae,  455. 
,,      formation  of  heat  in, 
493. 

,,      gases  in,  464. 
, ,      glycogen  in,  463,  465. 
, ,      hypertrophy  of,  504. 
„      involuntary,  453. 
,,      lymphatics  of,  458. 
„      metabolism  of,  464. 
,,      myosin  of,  463. 
,,      nerves  of,  458. 
,,      nutrition  .of,  503. 
,,      of  heart,  51,  460. 
,,      perimysium  of,  453. 
,,      j)hysical  characters. 
462. 

„      plasma  of,  463. 
,,      plate,  870. 
, ,      polarised  light  on,  462. 
„      reaction,  462. 
,,      recovery  of,  497. 
,,      red  and  pale,  460. 
,,      relation    tjo  tendons, 
457. 

,,  rhythmical  contraction, 
474. 

,,      rigor  mortis  of,  466. 
,,      rods,  456. 

sensibility,  459,  493. 
,,      semm  of,  463. 
,,      smooth,  453,  460. 
, ,      sound  of,  495. 
,,      spectrum  of,  460. 
,,      staircase  of,  485. 
,,      .stimuli  of,  473. 
,,      structure    of  striped, 
453. 

,,      tetanus,  485. 
„      tonus,  493,  644. 
,,      uses  of,  500. 
,,      volume  of,  475. 
,,      voluntary,  453. 
,,      work  of,  489. 
Muscle-current.  554. 

„  theories,  562. 


Muscular      contraction  (see 

Myogram),  rate  of,  487. 
Muscular  energy,  466. 

„       exercise,  189. 

„       sense,  839. 

„       work,  465. 

„         „    laws  of,  489. 
Mutes,  521. 
Mydriasis,  588. 
Mydriatics,  760. 
Myelin  forms,  527. 
Myocardium,  51. 
Myogram,  479. 

,,       effect    of  constant 
current  on,  482. 

,,        effect  of  fatigue  on, 
482. 

,,        effect  of  poisons  on, 
482. 

,,        effect  of  veratrin  on, 
483. 

,,        effect  of  weights  on, 
482. 

,,        method  of  studying, 
477. 

„        stages  of,  479. 
Myograph,  Helmholtz's,  477. 

„        pendulum,  477. 

„        Pfliiger's,  478. 

„        simple,  478. 

„  spring,  478. 
Myohsematin,  381,  460. 
Myopia,  754. 

Myoryctes  "Weismamii,  462. 
Myosin,  376,  463. 

,,      ferment,  46-3. 
Myosis,  588. 
Myotics,  761. 
Myxoedema,  155,  582. 

Xalls,  440. 
Narcotics,  839. 
Nasal  breathing,  182. 

„     timbre,  521. 
Nasmyth's  membrane,  225. 
Native  albumins,  376. 
Natural  selection,  896. 
Near  isoint,  753. 
Neef's  hammer,  ,551. 
Negative  accommodation,  749. 
,,       after-image.s,  780. 
,,       pressure,  297. 
,,       variation,  557,  559. 
Nephrozymose,  405. 
Nerve-cells,  52.5,  530. 

„     bipolar,  530. 

, ,     multipolar,  530,  628. 

,,     of  cerebrum,  687. 

,,     Purkinje's,  723. 

, ,     with  a  spiral  fibre,  530. 
Nerve  centres,  general  func- 
tions, 625. 
Nerve-current,  554. 
Nerve-fibres,  525. 

, ,     action  of  nitrate  of  silver 
on,  529. 

,,     chemical  properties  of, 
531. 

,,     classification  of,  581. 
,,     death  of,  541. 
,,     degeneration  of,  537. 
,,     development  of,  530.  • 
,,     division  of,  529. 

3  M 


914 


INDEX. 


Nervc-flbros,  effect  of  n  constant 
current  on,  53f). 
electrical    current  of, 
554. 

,,     electrical  stimuli,  535. 

,,     excitability  of,.  533. 

,,     fatigue  of,  537. 

,,     incisures  of,  528. 

,,     mechanical  properties  of, 

532.  ■ 
,,     meclullated,  525. 
,,     jnetabolism  of,  532. 
,,     nutrition  of,  538. 
,,     Ranvier's  nodes,  528, 
,,     reaction  of,  532. 

recovery  of,  537. 
,,     regeneration  of,  537,  540. 
,,     sheaths  of,  529, 
,,     stimuli  of,  533. 
, ,     structure  of,  525. 
, ,     suture  of,  540. 
,,     terminations  of,  827, 
„     to  glands,  212. 
,,     traumatic  degeneration 

of,  539. 
,,     trophic  centres  of,  539. 
,,.    unequal   excitability  of, 

536. 

,,     union  of,  540. 
,,  ■  unipolar  stimulation,  537. 
Nerve-impulse,  rate  of,  570. 
,,     method    of  measiu-ing, 
571. 

,,  .  modifying  conditions, 
570. 

Nerve-motion,  573. 
Nerve-muscle  preparation,  555. 
Nerves,  581. 

afferent,  583. 
anabolic,  583. 
centrifugal,  581. 
centripetal,  583. 
cranial,  584. 
electrical,  573. 
intercentral,  583. 
katabolic,  583. 
motor,  581. 
secretory,  581. 
sensory,  583. 
special  sense,  583. 
spinal,  615. 
trophic,  581. 
union  of,  540. 
vaso-dilator,  678. 
vaso-motor,  672. 
visceral,  583. 
Nerve-stretchmg,  533. 
Nervi  nervorum,  530. 
Nervous  system,  725. 

,,      development  of,  891. 
Nervxis  abducens,  599. 
,,     accelerans,  669. 
,,     accessorius,  611. 
,,     acusticus,  603. 

depressor,  610. 
„      erigens,  644,  679,  859. 
,,     facialis,  599. 
,,     glossopharyngeus,  606, 

hypoglossus,  615. 
,,     oculomotorius,  587. 
„     olfactorius,  584. 
,,     opticus,  584. 
„     sympathicus,  620. 


Ncrvus  trigeminus,  590. 

,,      trochlearis,  589. 

„      vagus,  607. 
Neubauer's  test,  220. 
Neuralgia,  598,  631. 
Neural  tube,  865. 
Neurasthenia  gastrica,  286. 
Neurin,  531. 
Neuro-epithelium,  738. 
Neuro-koratin,  528. 
Neuro-muscular  cells,  473. 
N.eW'born  child,   digestion  of, 
246. 

,,        pulse,  107. 
,,        size,  372. 

temperature,  326. 
,,        urine  of,  393. 
weight,  372. 
Nictitating  membrane,  796. 
Nitrites,  24. 

,,      on  pulse,  105. 
Nitrogen  in  air,  186. 
,,       in  blood,  44. 
,,       in  body,  373. 
„       given  off,  355. 
Noeud  vital,  661. 
Noises,  811. 

Nose,  development  of,  879. 

,,     structure,  821. 
Notochord,  867. 
Nuclear  spindle,  861. 
Nuclein,  378. 
Nucleus  of  Pander,  852. 
Number-forms,  820. 
Nussbaum's  experiments,  423. 
Nutrient  enemata,  310. 
Nyctalopia,  587. 
Nystagmus,  605,  721. 

Oatmeal,  351. 

Octave,  812. 
Oculomotorius,  587. 
Odontoblasts,  224. 
CEdema,  313. 

,,      cachectic,  313. 

„      pulmonary,  182. 
(Esophagus,  229,  230. 
Ohm's  law,  542. 
Oleic  acid,  381, 
Oligsemia,  48. 
Olivary  body,  656. 
Olfactory  centre,  704,  713. 

,,       nerve,  584. 

,,       sensations,  822. 
Omphalo-mesenteric  duct,  869. 

,,  ,,       vessels,  870. 

Onamatopoesy,  523. 
Oncograph,  151,  428. 
Oncometer,  428. 
Ontogeny,  896. 
Opening  shock,  549. 
Ophthalmia  neuro  -  paralytica, 
594. 

intermittens,  594. 
,,         sympathetic,  594. 
Ophthalmic  nerve,  591. 
Ophthalmometer,  748. 
Ophthalmoscope,  764. 
Optic  nerve,  584,  763. 

,,    radiation,  585. 

,,    thalamus,  716. 

„    tract,  584. 

,,    vesicle,  866. 


Optical  cardinal  points,  745. 
Optogram,  773. 
Optometer,  755. 
Ordinates,  121. 
Organic  albumin,  356. 

„      compounds,  374. 

,,      reflexes,  643. 
Ortho-kresol,  404. 
Ortliopnoea,  171. 
Orthoscope,  767. 
Osmasome,  350. 
Ossein,  379. 

Osseous  system,  formation  of, 
878. 

Osteoblasts,  882. 
Osteoclasts,  882. 
Osteomalacia,  503. 
Otic  ganglion,  597. 
Ovarian  tubes,  850. 
Ovary,  849. 
Overcrowding,  201. 
Ovulation,  8o5. 

,,        theories  of,  856, 
Ovum,  849. 

,,     development  of,  850. 

,,     discharge  of,  855. 

,,     fertilisation  of,  860. 

,,     impregnation  of,  861. 

,,     maturation  of,  861. 

,,     migration  of,  860. 

,,     structure  of,  849. 
Oxalic  acid,  382,  401. 

,,         series,  382. 
Oxaluria,  401. 
Oxaluric  acid,  401. 
Oxy-acids,  405. 
Oxyakoia,  603. 
Oxygen  in  blood,  42. 

,,      estimation  of,  ^42,  184. 

„      forms  of,  44. 

,,      in  body,  373. 
Oxyhemoglobin,  22. 
Ozone  in  blood,  43. 

Pacclilonlan  bodies,  727. 
Pacini's  corpuscles,  828. 
Pam,  '838. 
,,    irradiation  of,  839. 
,,    points,  830. 
Painful  impressions,  conduction 

of,  647. 
Palrnitic  acid,  381. 
Palpitation,  60. 
Pancreas,  252. 

„•       changes  in,  253. 
,,       development  of,  887. 
,,       fistula  of,  253. 
■  ,,       juice  of,  254. 

paralytic  secretion, 
258, 

,,        powder,  256. 
salt,  257. 
Pancreatic  secretion,  263. 
,,        actions  of,  254. 
,,        artificial  juice,  255. 
action  of  nerves  on, 
257. 

,,        action  of  ijoisons  on, 
258. 

,,        composition,  254 
,,        extracts,  257. 

Panophthalmia,  59?.^ 

Pansphygmograph,  61. 
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Papain,  256. 
Papilla  foliata,  825. 
Papilte  of  tongvie,  824. 
Parablastic  cells,  868. 
Paradoxical  contraction,  562. 
Paraglobulin,  37. 
Parakresol,  385,  404. 
Paralbumin,  376. 
Paralgia,  839. 

Paralytic  secretion  of  saliva, 
214. 

pancreatic  juice,  258. 
Paramylum,  384. 
Para-peptone,  247. 
Paraphasia,  711. 
Paraxanthin,  385,  401. 
Parelectronomy,  563. 
Paridrosis,  449. 
Paroophoron,  889. 
Parotid  gland,  207,  214. 
Parovarium,  889. 
Parthenogenesis,  844. 
Partial  pressure,  40. 

„     reflexes,  636. 
Particles,  xxxvi. 
Parturition,  centre  for,  644, 
Passive  insufficiency,  502. 
Patellar  reflex,  642. 
Pavy's  test,  220. 
Pecten,  796,  892. 
Pectoral  fremitus,  181. 
Pedunculi  cerebri,  718. 
Penis,  erection  of,  857- 
Pepsin,  242.  • 
Pej)sinogen,  244. 
Peptic  glands,  241. 

,,     changes  in,  244. 
Peptogenic  substances,  246. 
Peptone,  247,  249. 

,,      absorption  of,  298. 

forming  ferment,  242. 
„      injection  of,  32,  299, 
„      metabolism  of,  363. 
„      tests  for,  249. 
Peptonised  foods,  258. 
Peptonuria,  410. 
Percussion  of  heart,  76. 

lungs,  178. 
„       sounds,  178. 
,,       wave,  102. 
Perforating  ulcer  of  the  foot, 
.583. 

Pericardium,  54. 

fluid  of,  307. 
PerUymph,  808. 

Perimeter,  Aubert  and.Forster. 
769. 

„       M'Hardy's,  770... 

Priestley  Smith's, 
772. 

Perimetric  chart,  770. 
Perimetry,  769. 
Perimysium,  51,  453. 
Perineurium,  529. 
Periodontal  membrane,  225. 
Peristaltic  movement,  233. 

,,        action  of  blood  on, 
237. 

,,       action  of  nerves  on, 
238. 

Peritoneum,   development  of, 
887. 

Perivascular  spaces,  688. 


Pernicious  anremia,  17. 
Pettenkof  er's  test,  268. 

,,      apparatus,  185. 
Peyer's  glands,  294. 
Pfluger's  law,  567. 

.  law  of  reflexes,  637. 

Phagocytes,  15. 
Phakoscope,  752. 
Phiinakistoscope,  780. 
Phases,  displacement  of,  814. 
Phenol,  282,  404. 
Plienylsulphonic  acid,  404. 
Plilebogram,  142. 
Phloro-glucin-vanilin,  243. 
Phonation,  513. 
Phonograph,  815. 
Phonometry,  179. 
Phosphenes,  763. 
Phosphoric  acid,  406. 
Photo-hfpmatachometer,  133. 
Photophobia,  603. 
Photopsia,  587. 
Plu-enograph,  169. 
Phrenology,  682. 
Phylogeny,  896. 
Physostigmin,  761. 
Phytalbumose,  377. 
Phytomycetes,  417. 
Pia  mater,  626. 
Picric  acid  test,  410. 
Picro-saccharimeter,  415. 
Pigment  cells,  452. 
Pineal  eye,  722. 

„    gland,  722. 
Pitch,  811. 
Pituitary  body,  712. 
Placenta,  874. 
Placental  bruit,  141 . 
Plantar  reflex,  642. 
Plants,  characters  of,  xlii- 
,,     digestion  by,  289. 

electrical   currents  in, 
565.^ 
Plasma  cells,  726. 

„     of  blood,  29,  37. 
,,     of  invertebrates,  38. 
„     of  lymph,  307. 
„     of  milk,  345. 
,,     of  muscle,  462. 
Plasmine,  33. 
Plethora,  47. 
Plethysmography,  144. 
Pleura,  163. 

Pleuro-peritoneal  cavity,  868. 
Pleximeter,  177. 
Pneumatic  cabinet,  112. 
Pneumatogram,  170. 
Pneumatometer,  182. 
Pneumograph,  86,  169. 
Pneumonia  after  section  of  vagi, 
611.. 

Pneumothorax,  166. 
Poikilothermal  animals,  318. 
Poiseuille's  space,  137. 
Poisons,  heart,  85. 
Polar  globules,  861. 
Polarisation,  galvanic,  545. 

,,         internal,  548. 
Polarising  after-currents,  562. 
Politzer's  ear-bag,  806. 
PolytBmia,  46. 

„       apocoptica,  46. 
,,       aquosa,  47. 


Polyremia  hyperalbuminosa,  47. 

polycythiuinica,  47. 
serosa,  47. 
Polyopia  monocularis,  758. 
Pons  Varolii,  719. 
Porret's  phenomenon,  548. 
Portal  canals,  259. 
,,    circulation,  50. 
,,    system,  development  of, 

885.  . 
,,     vein  in  liver,  259. 
Positive  accommodatioji,  749. 

,,.     after-images,  779. 
Potash  salts,  373. 
Potassium  sulphocyanide,  216, 

405. 
Potatoes,  351. 
Presbyopia,  754. 
Pressor  fibres,  674. 
Pressure,  arterial,  122. 

„      atmospheric,  203. 
,,  intra-labyrinthine, 
810. 

„      of  blood,  119_. 

,,      phosphenes,  763. 

,,      xjoints,  830,  833. 

,,      respiratory,  181. 

,,      sense  of,  833. 
Presystolic  sound,  74, 
Prickle  ceUs,  438.^ 
Primitive  anus,  871. 

agrta,  869. 

,,       chorion,  863,  873. 

,,       circulation,  870. 

,,       groove,  863. 

,,       kidneys,  888. 

,,       mouth,  871. 

,,       streak,  863. 
Primordial  cranium,  878. 

,,       ova,  850. 
Principal  focus,  743. 
Proctodseum,  865. 
Proglottis,  843. 

Progressive  muscular  atrophy, 
504. 

Pronephros,  889. 
Pronucleus,  male,  861. 

,,        female,  861. 
Propepsin,  244. 
Propeptone,  247. 
Protagon,  380. 
Proteids,  374. 

,,      coagulated,  377. 

,,      gastric    digestion  of, 
247. 

,,      fermentation  of,  281. 

;,      metabolism  of,  362. 

,,      pancreatic  digestion 
of,  255. 

,,      reactions  of,  375. 

,,      vegetable,  377. 
Proteolytic  ferments,  379. 
Proteoses,  248. 
Protistre,  xxxv,  xliv.  ' 
Proto-albumose,  248. 
Protovertebrte,  868. 
Pseudo-hypertrophic  paralysis, 
504. 

Pseudo-motor  action,  601,  603. 
Pseudoscope,  791. 
Pseudo-stomata,  162. 
Psychical  activities,  681. 
I       ,,      blindness,  702, 
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Psyoliical  deafness,  703. 

, ,      processes,  time  of,  684. 
Psycho-physical  Inw,  731. 
Ptomaines,  '249, 
Ptosis,  .^)88. 
Ptyalin,  219. 
I'tyalisni,  215. 
Puberty,  858. 

Puhnonary  artery,  pressure  in, 
130. 

,,  vessels,  162. 
Pulmonary  (udema,  182. 
Pulp  of  tooth,  225. 

,,  of  spleen,  148. 
Pulse,  97. 

,,     anacrotic,  109. 

„     capillary,  118. 

,,     catacrotic,  102. 

,,     characters  of,  102. 

„     conditions  affecting,  107. 

„     curve,  101. 

,,     dicrotic,  106. 
,     entoptical,  115. 

„     hyperdicrotic,  106. 

,,  •  in  animals,  107. 

,,     in  jugular  vein,  142. 

„     in  liver,  143. 

,,     influence  of  pressure  on, 
112. 

,,     influence  of  respiration 
on,  110. 

„     instruments  for  investi- 
gating, 97. 
,,     monocrotic,  106. 
,,     of  various  arteries,  108. 
„     paradoxical,  112. 
,,     pathological,  115. 
,     rate,  107,  127. 

recurrent,  110. 
,,     tracing,  102. 
,,     trigeminal,  108. 
,,     variations  in,  108. 
,,     venous,  142. 
„     wave,  113. 
Pulses,  351. 
Pulsus  altemans,  108. 
,,      bigeminus,  108. 
,,      caprizans,  106. 

dicrotuS;  106. 
,,      intercurrens,  108. 
,,      myunis,  108. 
Pumping  mechanisms,  310. 
Pupil,-  752. 

„     action  of  poisons  on,  760. 
„     Argyll  Robertson,  660. 
functions  of,  758. 
movements  of,  759. 
,,     photometer,  761. 
,,     size  of,  761. 
Pupilometer,  761. 
Purgatives,  239. 
Purkinje,  cells  of,  723. 

fibres  of,  55,  460. 
„      figure,  762. 
,,       Sanson's  images,  751. 
Pus-corpuscles,  139. 
Putrefaction,  pancreatic,  255. 
Putrefactive  i)rocesses,  283. 
Pyloric  glands,  241. 

,,  changes  in,  244. 

„  fistula,  245. 

Pyramidal  cells,  687. 
,,       tracts,  633. 


Pyramidal  tracts,  degeneraton 

of,  708. 
Pyrokatechin,  382,  405. 
Pyuria,  41(). 

UiialH.v  of  a  note,  811,  813. 
Quantity  of  blood,  45. 

,,       of  food,  357. 

,,      of  gases,  188. 

Ital<'S,  dry,  180. 

,,     moist,  180. 
Rami  conimunicantes,  620. 
Range  of  accommodation,  756. 
Ranvier's  nodes,  528. 
Raynaud's  disease,  583. 
Reaction  impulse,  63. 
Reaction  of  degeneration,  578. 
Reaction  time,  573,  685. 
Recoil  wave,  103. 
Rectum,  238. 
Recurrent  pulse,  110. 

„       sensibility,  617. 
Red-ljlindness,  778. 
Reduced  eye  of  Listing,  747. 
Reducing  agents,  43. 
Reductions  in  intestine,  283. 
Reflex  acts,  examples  of,  636. 
inhibition  of,  639. 

„     law  of,  637. 

,,     movements,  636. 
Reflex  movements,  theory  of, 
641. 

,,      nerves,  583. 

,,      organic,  643. 

„      spasms,  636. 

,,      tactile,  647. 

,,      time,  639. 

,,      tonus,  645. 
Reflexes,  crossed,  638. 
,,       deep,  642. 
,,       spinal,  635. 
,,       organic,  643. 
Refracted  ray,  744. 
Refractive  indices,  744. 
Regeneration  of  tissues,  369. 

, ,         of  nerve,  540. 
Regio  olfactoria,  821. 

,,     respiratoria,  821. 
Regnault's  aisparatus,  184. 
Reissner's  membrane,  808. 
Relative   jiroportions  of  diet, 

357. 

Remak's  ganglion,  77. 
Renal  plexus,  427. 
Rennet,  251,  346. 
Reproduction,  forms  of,  841. 
Requisites  in  a  proper  diet,  357. 
Reserve  air,  166. 
Residual  air,  166. 
Resistance,  89. 
Resonance  organs,  510. 
Resonants,  522. 
Resonators,  817. 
Resorcin,  404. 
Respiration,  159. 

,,        amphoric,  180. 

,,         artificial,  198. 
Blot's,  172. 

,,         bronchial,  180. 

,,         centre  for,  661. 

,,         chemistry  of,  183. 

,,         cog-wheel,  180. 


Respiration,  cutaneous,  193. 
„         first,  666. 
,,         forced,  172. 
,,         foreign  gases,  199. 
,,         in  a  closed  8i)ace, 
196. 

,,         in  animals,  168. 
,,         internal,  194. 
,,         mechanism  of,  165. 
,,         muscles  of,  172. 
,,         nasal,  182. 
,,         number  of,  107. 
,,         patliological,  171. 
,,         periodic,  172. 
,,         pressure  during, 
181. 

,,         pressure  on  heart, 
86. 

,,         sounds  of,  179. 
,,         time  of,  168. 

type,  170. 
,,     •    variations  of,  167. 
,,         vesicular,  179. 
Respiratory  apparatus,  159. 

,,        Andral  and  Gavar- 

ret,  184. 
,,        centre,  661. 
,,        mechanism  of,  165. 
,,        V.  Pettenkofer,  185. 
„        ([uotient,  186. 
,,        Regnault  and  Rei- 

set,  185. 
,,        Scharling,  185. 
,,        undulations,  124. 
Restiform  bodies,  655. 
Rete  mirabile.  51. 
Retina,  737. 

,,      activity  in  vision,  768. 
,,      blood-vessels  of,  739. 
,,      capillaries,  movements 

in,  763. 
,,      chemistry  of,  740. 
,,      epithelium  of,  737. 
,,      rods  and  cones  of,  738. 
769. 

,,      stimulation  of,  779. 
, ,      structure  of,  737. 
,,      visual  purple  of,  739. 
Retinal  -image,  formation,  of 
747. 

,,       size  of,  748. 
Retinoscopy,  767. 
Reversion,  896. 
Rheocord,  542. 
Rheometer,  132. 
Rheophores,  575. 
Rheoscopic  limb,  556. 
Rheostat,  543. 
Rheotom,  560. 
Rhinoscopy,  517. 
Rhodophane,  740. 
Rhodopsin,  739. 
Ribs,  174.  • 
Ricket's,  503. 
Rigor  mortis,  466. 
Ritter's  opening  tetanus,  567. 

,,      tetanus,  567. 
Ritter-Valli  law,  541. 
Rods  and  cones,  738. 
Rods  of  Corti,  809. 
Rosenthal's  modification,  472. 
Rotatory  disc  for  colours,  774. 
Rudimentary  organs,  896. 
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Rumination,  288. 
Running,  505. 

Sticchuroiiiycctcs,  354. 

Saccharose,  383. 

Saccule,  808. 

Saftcaniilclien,  302. 

Saline  cathartics,  239. 

Saliva,  action  of  nerves  on,  212. 

,,     action  of  poisons  on,  213. 

,,     action  on  starch,  218. 

,,     chorda,  212. 

,,     composition  of,  217. 

„     facial,  212. 

.  functions  of,  216. 

,,     mixed,  217. 

„     new-born  child,  218. 

,,     paralytic  secretion,  214. 

,,     parotid,  216. 

,,     pathological,  285. 

,,     ptyalin,  216,  219. 

,,     reflex  secretion  of,  214. 

„     sublingual,  217. 

,,     submaxillary,  216. 

,,      sympathetic,  212. 

,,     theory  of  secretion,  216. 
Salivary  corpuscles,  217. 
Salivary  glands,  207. 

„      changes  in,  209. 

,,       development  of,  886. 
extirpation  of,  215. 

,,       nerves  of,  211. 
Salts,  373. 

Sanson-Purkinje's  images,  751. 
Saponification,  256. 
Sarcina  ventriculi,  287. 
Sareoglia,  459. 
Sarcolactic  acid,  463. 
Sarcolemma,  455. 
Sarcolytes,  640. 
Sarcoplasts,  640. 
Sarcous  elements,  455. 
Sarkin,  401. 
Sarkosin,  385. 
Saviotti's  canals,  253. 
Scheiner's  experiment,  753. 
Schiflf's  test,  400. 
Schizomycetes,  49,  279. 
Schmidt's  researches,  34. 
Sclireger's  lines,  225. 
Schwann's  sheath,  528. 
Sclerotic,  735. 
Scoliosis,  503. 
Scotoma,  772. 
Screw-hinge  joint,  499. 
Scrotum,  formation  of,  890. 
Scurvy,  48. 
Scyllit,  384. 
Sebaceous  glands,  442. 

„       secretion,  444. 
Seborrhoea,  449. 
Secondary  circulation,  870. 

„       contraction,  558. 

,,       decompositions,  545. 
degeneration,  633. 

,,       tetanus,  559. 
Secretion  currents,  561. 
Secretory  nerves,  581. 
Sectional  area,  134. 
Segmentation  sphere,  862. 
Self-stimulation  of  muscle,  556. 
Semen,  composition  of,  846. 
„     ejaculation  of,  859. 


Semen,  reception  of,  859. 
Semicircular  canals,  604,  808. 
Sensation,  731. 
Sense  organs,  731. 

,,     development  of,  892. 
Sensory  areas,  701. 

crossway,  654,  718. 
„     paths,  644. 
„     sensations,  830. 
Serin,  385. 
Serous  cavities,  303. 
Serum  of  blood,  30. 
Serum-ialbumin,  37,  376. 
Serum-globulin,  37,  376. 
Setschenow's  centres,  639. 
Sex,  difference  of,  890. 
Shadows,  lens,  762. 

,,      coloured,  782. 
Sharpey's  fibres,  882. 
Short-sightedness,  754. 
Shunt,  548. 
Sialogogues,  215. 
Sighing,  183. 
Silver  lines,  94. 
Simple  colours,  778. 
Simultaneous  contrast,  780. 
Sinuses,  95. 
Sitting,  505. 
Size,  372. 

„  estimation  of,  791. 

,,  increase  in,  372. 

,,  .false  estimate  of,  793. 
Skatol,  255,  282,  405. 
Skin,  absorption  by,  449. 

,,    choriimi  of,  437. 

,,    currents  of,  557. 

,,    epidermis,  437. 

,,    functions  of,  444. 

,,    galvanic   conduction  of, 
449. 

.,,    glands  of,  442. 
,,    historical,  450. 
,,    pigjnents,  446. 
,,    protective  covering,  443. 
,,    respiratory    organ,  193, 
444. 

,,    structure  of,  437. 
,,    varnishing  the,  444. 
Skin  currents,  561. 
Sleep,  635. 
Small  intestine,  290. 

,,  absorption  by, 

297. 

structure  of, 
290. 

Smegma,  445. 
Smell,  sense  of,  821 . 
Sneezing,  183. 
Snellen's  types,  754. 
Sniffing,  822. 
Snoring,  183. 
Sodic  chloride,  373. 

,,    salts,  373. 
Solitary  follicles,  293,  295. 
Somatopleure,  868. 
Somnambulism,  684. 
Sorbin,  384. 
Sound,  798. 

,,     cardiac,  67. 

,,     conduction  to  ear,  798, 
807. 

,,  direction  of,  819. 
,,     distance  of,  819. 


Sound,  perception  of,  819. 

reflection  of,  798. 
Sounds,  cardiac,  71. 

cracked  pot,  180. 
„      respiratoiy,  179. 

tympanitic,  179. 
,,      vesicular,  179. 
Spasm  centre,  680. 
Spasmus  nictitans,  603. 
Specific  energy,  731,  773. 
Spectacles,  756. 
Spectra,  absorption,  21. 
,,      flame,  21. 
,,      ocular,  764. 
Spectroscope,  21. 
Spectrum  mucro-lacrimale,  762. 
of  bile,  269. 
of  blood,  22. 
,,       of  muscle,  460. 
Speech,  519. 

,,      centre  for,  710. 
,,      pathological  variations, 
522. 

Spermatin,  846. 
Spermatozoa,  846. 
Spermatoblasts,  847. 
Spheno-palatine  ganglion,  595. 
Spherical  aberration,  757. 
Sphincters,  502. 
Sphincter  ani,  233. 

,,   •    pupillse,  736. 
,,       urethras,  433. 
Sphygmogram,  102. 
Sphygmograpli,  97. 

•  Dudgeon's,  99. 
Ludwig's,  99. 
Marey's,  98. 
Sphygmometer,  97. 
Sphygmomanometer,  122. 
Sphygmoscope,  101. 
Sphygmotonometer,  97. 
Spina  bifida,  727,  870. 
Spinal  accessory  nerve,  614. 
Spinal  cord,  626. 

„  -  action    of    blood  and 

,,       poisons  on,  646. 

,,    blood-vessels  of,  632. 

,,     centres,  643. 

,,     conducting  paths  in,  633. 

„    conducting    system  of, 
633,646. 

,,     degeneration  of,  636. 

,,    development  of,  892. 

,,     excitability  of,  645. 

„     Flechsig's  systems,  633. 

,,     functions  of,  632. 

,,    ganglion,  616. 

„     Gerlach's  theory,  629. 

,,     nerves,  615. 

,,    neuroglia  of,  631. 

,,     nutritive  centres  in,  635. 

„     reflexes,  63.5. 

,,    regeneration  of,  681. 

secondary  degeneration 
of,  636. 

,,     segment  of,  635. 

,,    structure  of,  626. 

„    time  of  development,  635. 

,,    transverse    section  of, 
648. 

,,    unilateral  section  of,  649. 
,,     vaso-motor    centres  in, 
676. 
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Spinal  cord,  Worosohiloff's  ob- 
servations, 627. 
Si)inal  nerves,  015. 

,,    anterior  roots  of,  (ilO. 

,,    posterior  roots  of,  C20. 
Spiral  joints,  499. 
Spirillum,  49,  279. 
SpLrochreta,  49,  279. 
Spirometer,  167. 
Splanchnic  nerve,  238. 
Splanchnopleure,  868. 
Spleen,  148. 

,,     action  of  drugs  on,  163. 

,,     chemical  composition, 
1.50. 

,,     contraction  of,  151. 
,,     extii'pation  of,  150. 
,,     functions  of,  150. 
„     influence  of  nerves  on, 
152. 

,,     oncograph,  151. 
„     regeneration  of,  150. 
,,     structure,  148. 
,,     tumours  of,  153. 
Spongin,  379. 

Spontaneous  generation,  841. 
Spores,  281. 

Spring  kymograph,  121.  , 
Spring  myograph,  479. 
Springing,  505. 
Sputum,  abnormal,  201, 

,,       normal,  200. 
Squint,  588. 
Stan-case,  485. 
Stammering,  523. 
Standing,  604. 
Stannius's  exijeriment,  79. 
Stapedius,  804. 
Starch,  383. 
Starvation,  360. 
Stasis,  139. 

Statical  theory  of  Goltz,  604. 
Stationary  vibrations,  799. 
Steapsin,  256. 
Stenopaic  spectacles,  757. 
Stenosis,  70. 

Stenson's  experiment,  468. 
Stercobilin,  269,  284. 
Stercorin,  284. 
Stereoscope,  791. 
Stereoscopic  vision,  789. 
Sternutatories,  183. 
Stethograph,  169. 
Stigmata,  94. 
Stilling,  canal  of,  741. 
Stimuli,  470. 

,,      adequate,  731. 

,,      heterologous,  731. 

,,      homologous,  731. 
,,      muscular,  473. 
Stoffwechsel,  xliv. 
Stomach,  239. 

,,       cancer  of,  286. 

,,       catarrh  of,  286. 

, ,       changes  in  glands,  244. 

,,       gases  in,  252. 

,,       glands  of,  241. 

,,       movements  of,  230. 
structure  of,  239. 
Stomata,  139,  303. 
Stomodajum,  865. 
Storage  albumin,  356. 
Strabismus,  721. 


Strangury,  437. 
Strassburg's  test,  413. 
Striiu  medullares,  71?. 
Strobic  discs,  780. 
Stroboscopio  discs,  780. 
Stroma-fibrin  and  plasma-fibrin, 

37.   .   •  • 
Stromuhr,  132. 
Struggle  for  existence;  896. 
Struma,  678. 

Strychnin,  action  of,  637. 
Stuttering,  523. 
Subarachnoid  space,  726. 

„         fluid,  728, 
Subdural  space,  726. 
Subjective  sensations,  732. 
Sublingual  gland,  214. 
Submaxillary  ganglion,  598. 
,,  atropin  on,  213. 

„  gland,  209. 
,,  saliva,  216. 

Substantia  gelatinosa,  628. 
Successive  beats,  818. 
,,        contrast,  782. 
,,       light-induction,  782, 
Succinic  acid,  405. 
Succus  entericus,  278. 

,,     action  of  drugs  on,  278. 
Suction,  222. 
Sudorifics,  446. 
Sugars,  382.  . 

,,      estimation  of,  161, 
, ,     tests  for,  220. 
Sulphindigotate  of  soda,  423. 
Summation  of    stimuli,  485, 
637. 

Summational  tones,  819. 
Superfecundation,  860. 
Superficial  reflexes,  641. 
Superfoetation,  860. 
Superior  maxillary  nerve,  594. 
Sujaplemental  air,  166. 
Supra-renal  capsules,  156. 
Surditas  verbalis,  713. 
Sutures,  499. 
Swallowing  fluids,  668. 
Sweat,  445. 

,,   .  chemical  composition, 
445. 

,,     conditions  influencing 

secretion,  446. 
,,     excretion  of  substances 

by,  446. 
,,     glands,  443. 
,,     insensible,  445. 
,,     nerves,  447. 
, ,     pathological  variations 
of,  448. 
Sweat  centre,  447,  080. 

,,  spinal,  680. 

Swimming,  509. 
Sympathetic  ganglion,  621. 
„         nerve,  620. 

section  of,  623,  675. 
,,         stimulation  of,  624, 
675. 

Symphyses,  499. 
Synchondroses,  499. 
Syncope,  61. 
Synergetic  muscles,  502. 
Synovia,  498. 
Syntonin,  247,  377. 
Systole,  cardiac,  51. 


Tnl>CK,  647. 

Taches  cerebrales,  678. 
Tiictile  areas,  714. 
,,     corpuscles,  829. 
,,     sensations,  829. 
,,     sensations,  conduction 
of,  646. 
Taenia,  843. 
Tail-fold,  869. 
Talipes  calcaneus,  503. 
,,      equinus,  503. 
,,     varus,  503. 
Tambour,  Marey's,  99. 
Tapetum,  767. 
Tapping  experiment,  668. 
Taste,  centre  for,  704. 
,,     organ  of,  823. 
,,     testing,  826. 
Taste-bulbs,  825. 
Taurin,  385. 
Taurocholic  acid,  247. 
Tea,  353. 

,,    effects  of,  220. 
Tears,  794. 
Tegmentum,  718. 
Telestereoscope,  791. 
Telolemma,  4o9. 
Tem^ierature  of  animals,  319. 
,,  accommodation 

for,  334. 
,,         artificial  increase 

of,  336. 
, ,         estimation  of,  319. 
,,         febrile,  335. 
,,        how  influenced, 
322. 

,,         lowering  of,  338. 
,,         post-mortem,  337. 
, ,         regulation  of,  328. 
, ,         toijography  of,  321. 
,,         variations  of,  325. 
Temperature-sense,  836. 

,,  illusions  of, 

838. 

Tendon,  457. 

,,      nerves  of,  462,  829. 
,,      reflexes,  642. 
Tensor  choroidese,  750, 

,,     tympani,  803. 
Terminal  arteries,  137. 
Testicle,  descent  of,  889. 
Testis,  844. 
Tetanomotor,  534. 
Tetanus,  485,  486,  536. 

,,       secondary,  539. 
Tetronerythrin,  38. 
Theobromm,  353. 
Thermal  centre,  329. 

, ,      nerves,  329. 
Thermo-electric  methods,  320. 

„  ne^ecUes,  321. 

Thermogenesis,  317. 
Thermometer,  319. 

,,  clinical,  319. 

maximal    •  and 
niminial,  319. 
„  metastatic,  320. 

„  outflow,  320. 

Thermometry,  319. 
Thirst,  356. 
Thiry's  fistula,  277. 
Tliomsen's  disease,  484. 
Thoracometer,  176. 
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Thrombosis,  33. 
Thymiis,  153. 

, ,       development  of,  880, 
Thyroid,  154. 

„      development  of,  880. 
Tidal  air,  166. 

„    wave,  102. 
Timbre,  519,  521,  811. 
Time  in  psychical  processes,  684. 
Time-sense,  813. 
Tmnitus,  606. 
Tissue-formers,  356. 

, ,  metabolism  of, 

367. 

,,  regeneration  of, 

369. 

Tizzoni's  reaction,  264. 
Tobin's  tubes,  201. 
Tomes,  fibres  of,  224. 
Tone-inductorium,  487. 
Tones,  814. 

Tongue,  glands  of,  206. 
,,      movements  of,  227. 
, ,      nerves  of,  227. 
„      taste-bulbs  of,  825. 
Tonometer,  82. 
Tonsils,  207. 
Tonus,  644. 
Tooth,  223. 

,,     action  of  drugs  on,  226. 

chemistry  of,  225. 
,,     development  of,  225. 

eruption  of,  226. 
„  permanent,  226. 
„     pulp  of,  224. 

structure  of,  223. 
,,     temporary,  226. 
Topography,  cerebral,  706,  714, 
ToriceUi  s  theorem,  89. 
Torpedo,  579. 
Torticollis,  615. 
Touch  corpuscles,  827. 
Touch,  sense  of,  827. 
Trachea,  159. 
Transfusion,  145. 

„        of  blood,  145. 
,,         of  other  fluids,  148. 
Transitional  epithelium,  432. 
Transplantation  of  tissues,  371. 
Transudations,  313. 
Trapezius,  spasm  of,  615. 
Traube-Hering  curves,  126, 
Traumatic     degeneration  of 

nerves,  539. 
Trehalose,  383. 
Trichina,  843. 
Trigeminus,  590. 

ganglia  of,  591,  595, 
597,598. 
„        inferior  maxillary 

branch,  595. 
,,        neuralgia  of,  598. 
OTihthalmic  branch, 
591. 

„        paralysis  of,  599. 
„        pathological,  598. 
,,        section  of,  593,  599. 
,,        superior  maxillary 

branch,  594. 
trophic  functions 

of,  593. 

Triple  phosphate,  408. 
Trismus,  598. 


Troohlearis,  589, 
Trompier's  test,  221, 
Tr6picolin,-  242. 
Tropliic. centres,  539. 
,,      fibres,  539. 

nerves,  539,  582. 
Trophoneuroses,  582.  • 
Trotting,  508.  '   ■  ' 

Trypsin,  255. 
Trypsinogen,  255, 
Tryptone,  254. 
Tube  casts,  417. 
Tubes,  capillary,  91. 

,,     division  of,  91. 

,,     elastic,  92. 

„     movements  of  fluids  ui, 
92. 

„     rigid,  92. 
Tumultus  sermonis,  711. 
Tunicin,  384. 
Turacin,  381. 
Tlirck's  method,  641. 
Twins,  860. 
Twitch,  479. 

Tymjianic  membrane,  799. 

,,       artiflcial,  801. 
Tyrosm,  255,  385,  416. 

Ulcer  of  foot,  perforating,  583. 
Umbilical  arteries,  872. 
,,       cord,  875. 
,,       veins,  872. 
,,       vesicle,  869. 
Unipolar  induction,  550. 

stimulation,  537. 
Upper  tones,  814. 
Urachus,  888. 
Uraemia,  430. 
Urates,  399. 
Urea,  395. 

,,    antecedents  of,  396. 

,,    compounds  of,  397. 

,,    decomposition  of,  395. 

, ,    effect  of  exercise  on,  396. 

,,    ferment,  408. 

,,    formation  of,  396,  425. 

,,    nitrate  of,  397. 

, ,     occurrence  of,  396. 

,,    oxalate  of,  397. 

, ,    pathological,  396. 

,,    phosphate  of,  397. 

„    preparation  of,  397. 

„    properties  of,  395. 

„    qualitative  estimation  of, 
397. 

,,    quantitative  estimation 

of,  397. 
,,    quantity  of,  395. 
,,    relation  of,  to  muscular 
work,  396. 
Ureameter,  397, 
Ureter,  ligature  of,  424. 
„     pressure  in,  412. 
J,     structure  and  functions 
of,  431. 
Uric  acid,  399. 
,,  diathesis,  431. 
, ,  formation  of,  426. 
,,  occurrence,  399. 
„  properties  of,  399. 
,,   qualitative  estimation,  400. 
,,  quantitative  estimation  of, 
400. 


Uric  acid,  quantity,  399. 
„   solubility,  3'99.  ' 
,,   tests  for,  400. 
Urinary  bladder,  433. 
calculi,  419. 
,,      closure  of,  433. 
,,      deposits,  416. 

development  of,  873. 
,,      organs,  386. 
,,     pressure  in,  436. 
Urine,  392. 

,,     accumulation  of,  434. 
„     acetou  in,  415. 
,,     acid  fermentation,  408. 
,,     acidity,  394. 
,,     albumin  in,  408. 
,,     alkaline  fermentation, 
408. 

,,     alkaloids  in,  431. 

amount  of  solids,  393. 
,,     bile  in,  413. 
„     blood  in,  411. 
,,     calculi,  419. 
,,     changes  of  in  bladder, 
436. 

, ,     characters  of,  392. 
, ,     colour,  393. 

colouring  matters  of,  403. 
,,     consistence,  394. 
,,     cystiu  in,  416. 
,,     deposits  in,  416. 
,,     dextrin  in,  415. 
,,     effect  of  blood-pressure 

on,  421. 
,,     egg-albumin  in,  411. 
,,     electrical  condition  o 

579. 

, ,     excretion  of  isigments  by, 
424. 

,,     fermentations  of,  407. 
,,     ferments  in,  405. 
,,     fluorescence,  393. 
,,     fungi  in,  417. 
, ,     gases  in,  407. 
,,     globulin  in,  410. 
,,     hemi-albumose,  411. 
, ,     incontinence  of,  437, 
,,     influence  of  nerves  on, 
427, 

, ,     inorganic  constituents, 
405. 

,,     inosit  in,  415. 

,,     leucin  in,  416. 

,,     milk-sugar  in,  415. 

, ,     movement  of,  432. 

,,    mucin  in,  393,  411. 

,,     mucus  in,  393,  411. 

, ,     organisms  in,  417. 

,,     passage    of  substances 

into,  426. 
, ,     ijeptone  in,  410. 
„     phosphoric  acid  in,  406. 
,,     physical  characters  of, 

392. 

„     pigments  of,  403. 
,,     propeptone  in,  410. 
,,     quantity,  392. 
,,     reaction,  394. 
„     retention  of,  436. 
„     secretion  of,  420. 
,,     silicic  acid  in,  407. 
,,     sodio  chloride  in,  405. 
,,    solids  of,  393. 
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Urine,  specific  gravity,  392. 
,,     spontaneous  changes  in, 
407. 

,,     sugar  in,  413. 

,,     sulphuric  acid  in,  406. 

,,     taste  of,  394. 

,,     tost  for  albumin  in,  409. 

,,     tube  cnsts  in,  417. 

,,     tyrosin  in,  416. 
Urinometer,  393. 
Urobilin,  26,  403. 
Urochrome,  403. 
Uroerythrin,  403. 
Uro-genital  sinus,  890. 
Uromelanin,  403. 
Uroriibin,  403. 
Urostealith,  419. 
Uterine  milk,  875. 
Uterus,  853. 

„     development  of,  890. 

,,     involution  of,  895. 

,,     nerves  of,  895. 
Utricle,  808. 
Uvea,  735. 

Vagotomy,  665. 

Vagus,  606. 

,,     cardiac  branches,  611. 
,,     depressor  nerve  of,  124, 
610. 

,,     effect  of  section,  611. 
,,     on  heart,  126. 
,,     pathological,  613. 
,,     t)neumonia  after  section, 
611. 

, ,     reflex  effects  of,  613. 
,,     stimulation  of,  127,  668. 
,,     unequal  excitability  of, 
613. 

Valleix's    points  douloureux, 
839. 

Valsalva's  experiment,  88,  111. 
Valve,  illeo-colic,  233. 

,,  pyloric,  230. 
Valves  of  heart,  54. 

,,     disease  of,  70. 

,,     injury  to,  60. 

,,     of  veins,  94. 

,,     sounds  of,  142. 
Valvulse  conniventes,  290. 
Varicose  fibres,  526. 
Varix,  129. 

Varnishing  the  skin,  339. 

Vas  deferens,  845, 

A^'asa  vasorum,  95. 

Vascular  system,  development 

of,  882. 
Vaso-dilator  centre,  678. 

,,  nerves,  678. 
Vaso-foi-mative  cells,  11. 
Vaso-motor  centre,  672. 

„        destruction  of,  673. 

,,        nerves,  672. 

,,        spinal,  676. 
Vaso-motor  nerves,  course  of, 
673. 

Vater's  corpuscles,  828. 
Vegetable  albumin,  377. 

,,        casein,  377. 

,,       foods,  350. 


Vegetable,  preserved,  352. 

,,       proteids,  377. 
Veins,  94. 

cardinal,  884. 
,,     development  of,  884. 
,,     movement  of  blood  in, 
139. 

,,     murmurs  in,  141. 
,,     pressure  in,  128. 
■ ,,     jmlse  in,  142. 
,,     structure  of,  94. 
,,    tonus  of,  673. 
,,    valves  in,  94, 140. 
,,     valvular  sounds  in,  142. 
,,    varicose,  129. 
,,     velocity  of  blood  in,  139. 
Vella's  fistula,  277. 
Velocity  of  blood-stream,  90. 
Venous  blood,  45. 
Ventilation,  200. 
Ventricles,  53,  66. 

,,        aspiration  of,  58. 
,,       brain,  726. 
,,        capacity  of,  118, 135. 
,,        fibres  of,  53. 
,,       impulse  of,  62. 
,,       negative  pressure  in, 
69. 

,,       systole  of,  59,  66. 
Veratrin,  483. 
,Veniix  caseosa,  445. 
Vertebrse,  mobility  of,  504. 
Vertebral  column,  870. 
Vertigo,  605. 
Vestibular  sacs,  808. 
Vibrations  of  body,  116. 
Vibratives,  522. 
Vibrio,  49. 

Villus,  intestinal,  291. 

, ,     absorption  by,  300. 
chorionic,  873. 

,,     contractility  of,  292. 

,,     placental,  874. 
Violet-blindness,  778. 
Visceral  arches,  871. 

,,      clefts,  871. 
Vision,  binocular,  787. 

,,     stereoscopic,  789. 
Visual  angle,  748. 

,,     ajiparatus,  731. 

„     centre,  702,  713. 

,,     purple,  739,  773. 
Vital  cajjacity,  166. 
ViteUin,  376. 
Vitelline  duct,  869. 
Vitreous  humour,  740. 
Vocal  cords,  509. 

, ,    conditions  influencing  the, 
518. 
Voice,  509. 

,,    falsetto,  518. 

,,    in  animals,  523. 

,,     pathological  variations 
of,  522. 

,,     ijhysics  of,  510. 

,,    pitch  of,  510. 

,,     production  of,  519. 

,,    range  of,  419. 
Volume  pulse,  145. 
Volumetric  method,  398. 


Vomiting,  231. 

centre  for,  232,  660. 
Vowels,  520. 

,,      analysis  of,  520,  814. 

,,      artificial,  815. 

,,      formation  of,  520. 

„      Kfjenig's  apparatus  for, 


WasTHcr's  coriMiHcIeM,  827. 

Waking,  685. 
Walking,  505. 

Wallerian  law  of  degeneration, 
538. 

Wandering  cells,  303. 
AVarm-blooded  animals,  318. 
AVashed  blood-clot,  33. 
Water,  341,  373. 

,,     absorbed  by  skin,  449. 

,,     absorption  of,  297. 

,,     exhaled  by  skin,  194, 
425. 

,,     exhaled  from  lungs,  188. 

, ,     hardness  of,  342. 

,,     impurities,  342. 

,,     in  urine,  392. 

,,     vapour  of,  in  air,  187. 
AVave-pulse,  102. 

,,    propagation  of,  111. 
AVave-motion,  92. 
Wave-movements,  798. 
Waves,  in  elastic  tubes,  113. 
Weber's  paradox,  493. 

„      law,  732. 
Weigert's  method,  529. 
AVeight,  372. 
AVeyl's  test,  401. 
AVharton's  jelly,  875. 
AVliispering,  519. 
AVhite  of  egg,  375. 
AVine,  354. 
AVolfiiau  bocUes,  888. 

„      ducts,  888. 
Word-blindness,  711. 
AVord-deafness,  704,  711. 
AYork;  489. 

,,     unit  of,  xxxviii. 

Xniitliln,  401. 

Xanthokyanopy,  778. 
Xanthophane,  740. 
Xanthoproteic  reaction,  375 
Xerosis,  594. 

Vawiiiiig,  183. 
Yeast,  380. 
Yelk,  852. 

,,    cleavage  of,  862. 

,,    sac,  869. 
Yellow-spot,  764. 
Young-Helmholtz  theory,  776. 

SEcro-tcMipcrntnrc,  836. 
Ziuimermann,  piirticles  of,  17. 
Zinn,  zonule  of,  740. 
Zoetrope,  780. 
Zollner's  lines,  793. 
Zona  pellucida,  849. 
Zoogloja,  280. 
Zymogen,  255. 
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(A  TREATISE  Olf), 

With  Special  Reference  to  Diagnosis  and  Treatment,  including  an 
Analysis  op  11,000  Consecutive  Cases. 

By  T.  M'CALL  ANDEESON,  M.D., 

Professor  of  Cliniccd  Medicine,  University  of  Glasgow. 

The  want  of  a  manual  embodying  the  most  recent  advances  in  the 
treatment  of  cutaneous  affections  has  made  itself  much  felt  of  late  years. 
Professor  M'Call  Anderson's  Treatise,  therefore,  affording,  as  it  does,  a 
complete  rSsumS  of  the  best  modern  practice,  will  be  doubly  welcome.  It 
is  written — not  from  the  standpoint  of  the  University  Professor — but  from 
that  of  one  who,  during  upwards  of  a  quarter  of  a  century,  has  been  actively 
engaged  both  in  private  and  in  hospital  practice,  with  unusual  opportunities 
for  studying  this  class  of  disease,  hence  the  practical  and  CLINICAL  direc- 
tions given  are  of  great  value. 

Speaking  of  the  practical  aspects  of  Dr  Anderson's  work,  the  British 
Medical  Journal  says : — "  Skin  diseases  are,  as  is  well  known,  obstinate  and 
troublesome,  and  the  knowledge  that  there  are  additional  resources 
besides  those  in  ordinary  use  will  give  confidence  to  many  a  puzzled 
medical  man,  and  enable  him  to  encourage  a  doubting  patient.  Almost 

ANY  PAGE  might  BE  USED  TO  ILLUSTRATE  THE  FULNESS  OF  THE  WORK  IN 

THIS  RESPECT.  .  .  .  The  chapter  on  Eczema,  that  universal  and  most 
troublesome  ailment,  describes  in  a  comprehensive  spirit,  and  Avith  the 
greatest  accuracy  of  detail,  the  various  methods  of  treatment.  Dr  Anderson 
writes  with  the  authority  of  a  man  who  has  tried  the  remedies  whicli  he 
discusses,  and  the  information  and  advice  which  he  gives  cannot  fail  to 
prove  extremely  valuable." 


Opinions  of  the  Press. 

"Beyond  doubt,  the  most  important  work  on  Skin  Diseases  that  has  appeared  iu  Ennland  for  many 
■     .  ^""^P'ouous  for  the  amount  and  excehenoe  of  the  clinical  and  practical  infonnatioii 
which  It  contains."— British  Medical  Journal. 

"Professor  M'Call  Anderson  has  produced  a  work  likely  to  prove  vcn/  acceptable  to  the  busy  practitioner 
The  sections  on  treatment  are  very  full.  For  example.  Eczema  has  110  pages  given  to  it,  and  73  of  these 
pages  are  devoted  to  treatment,  "—iajtcct.  ui  iues>e 
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By  Drs  MEYER  and  FERGUS. 

Now  Ready,  with  Three  Coloured  Plates  and  numerous  Illustrationn. 
Royal  Qvo,  Handsome  Cloth,  25s. 

DISEASES  OF  THE  EYE 

(A  PRACTICAL  TREATISE  ON), 

By  EDOUARD  MEYEK, 

Rmf.  d  VEcole  Pratique  de  la  FacuM  de  MMecine  de  Paris, 
Chev.  of  the  Leg.  of  Honour,  cfcc. 


Translated  from  the  Third  French  Edition,  with  Additions  as 
contained  in  the  Fourth  German  Edition, 
By  F.  FERGUS,  M.B.,  Ophthalmic  Surgeon,  Glasgow  Infirmary. 


The  particular  features  that  will  most  commend  Dr  Meyer's  work 
to  English  readers  are— its  conciseness,  its  helpfulness  in  explanation, 
and  the  pkacticality  of  its  directions.  The  best  proof  of  its  worth 
may,  perhaps,  be  seen  in  the  fact  that  it  has  now  gone  through  three 
French  and  four  German  editions,  and  has  been  translated  into  most 
European  languages— Italian,  Spanish,  Eussian,  and  Polish— and  even 
into  Japanese. 


Opinions  of  the  Press. 

 A  arvTTNT)  OTTTDE  ID  the  diacnosis  and  treatment  of 

every  defect  remediate  by  operation."— Prac«iiio»ier. 

"  A  VEEYTKUSTWOKTHY  GUIDE  in  all  respects.   .    .   .   THOROUGHLY  PRACTICAL  ExceUentlytm^^^^ 
and  ve^  well  got  up.   Type,  Woodcuts,  and  Chromo-Llthogi.aphs  are  alike  excellent.  -La,^cet. 

Any  Student  will  find  this  work  of  GREAT  VALUE.   .   .   .         <=|;''P'"v^^^^^^^  "   '  ' 

The  niustratlous  describing  the  various  plastic  operations  are  spec.ally  helpful.  -B,  it.  Ued.  Journal. 

the  Illustrations  are  ui  marked  contiast  to  moso  meuiu.u  wuiivo. 
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BY  JOHN  THORBURN,  M.D.,  F.R.CP.,-  • 

LATE  PnOFESSOB  OF  OBSTKTBIC  J.F.BICINIC,  OWENS  C0I.LE.-.1.:  ANl.  VICTOniA  UNIVERSITY,  MANCnESTER; 
OnSTBTBIO  PIiySICIAN  TO  THE  MANCHKSTEn  ROVAJ.  INFIKMAllY. 

Royal  8V0,  with  Chromo-Lithograph  and  over  200  Illustrations,  Cloth.  218. 

THE  DISEASES  OF  WOMEN 

{tS.  PRACTICAL  TREATISE  ON). 

Prepared  with  Special  Reference  to  the  Wants  of  the  General  Practitioner  and 
^  Advanced  Student. 

OPINIONS  OF  THE  PBESS. 

■'  A  tflsk  of  extraordiiiai-y  difficulty   .   .    .   handled  with  great  judiciousness  and  high  WTEiiARy 
A  tasK  ot  extraoiaim  ly  luj^^^    j  ...   he  lets  his  readers  understand  all  sides  of  a 

Sion  and  netr?a  ls'to\Scate  the" lighest  p'rinciples.    .  The  entire  work  is  impartial  and 

Sumv^rndfn  every  way  worthy  of  its  anthor."-Bri«i..A  Medrcal  Joimial. 

A  =  „  Mnnini  for  Students  and  Practitioners,  Dr  Thorburn's  is  all  that  coulu  be  desired.  Know- 
ledge ^  ™wJ^^^  and  ?Mt  power  is^^^^^^^^  judgment  and  common-sense  keep  pace  with  knowledge. 
We  can  say  no  less  of  Dr  Thorburn's  hoo^." -Qlasgoiv  Medical  Journal. 

"  RVpp  from  nreiudices  candid  and  careful,  exhibiting  sound  judgment  and  discretion,  WE  know  op  no 
BOOK  which  Ms  trItudeSts  and  Practitioners  a  better  digest  of  the  subject  than  DR  THORBURN'S 
"Diseases  op  Wojubn."— Birmingham  Medical  Review. 

WORKS  BY  A.  WYNTER  BLYTH,  M.R.C.S,  F.C.S., 

PUBLIC  ANALYST  FOE  THE  COUNTY  OF  DEVON,  AND  MEDICAL  OFFICER  OF  HEALTH  FOK  ST  MAKYIEBONE. 

New  Edition.    Revised  and  partly  Rewritten, 

FOODS:  THEIR  OPPOSITION  AND  ANALYSIS. 

In  CroTO  8vo,  Cloth,  ivlth  Elaborate  Tables,  Folding  Litho-Plate,  and  Photographic  Frontispiece. 

THIRD  Edition.   Price  163. 

GENERAL  CONTENTS. 

History  of  Adulteration— Legislation,  Past  and  Present— Apparatus  useful  to  the  Food- 
Analyst— "  Ash  "— Sugar— Confectionery— Honey— Treacle — Jams  and  Preserved  Fruits — 
Starches— Wheaten-Flour— Bread— Oats— Barley— Rye— Rice— Maize— Millet— Potatoe— Peas 

 Chinese  Peas  —  Lentils  —  Beans — Milk — Cream — Butter — Cheese — Tea — Coffee — Cocoa  and 

Chocolate  —  Alcohol  —  Brandy  —  Rum  —  Whisky  —  Gin  —  Arrack  —  Liqueurs— Beer— Wine- 
Vinegar— Lemon  and  Lime  Juice— Mustard— Pepper —Sweet  and  Bitter  Almond— Annatto— 
Olive'OLl— Water.    Appendix :  Text  of  English  and  American  Adulteration  Acts. 

"  Thoroughly  practical.   .   .   .   Should  be  in  the  hands  of  every  medical  practitioner."— ifnicct. 

"An  admirable  digest  of  the  most  recent  state  of  knowledge.  .  .  .  Interesting  even  to  lay  readers." 
— Chemical  News. 

"Stands  unrivalled  for  completeness  of  information."— Sanrtari/  Record. 

*  *  The  new  Edition  contains  many  Notable  Additions,  especially  on  the  subject  of  MILK  and  its 
relation  to  FEVER  EPIDEMICS,  the  PURITY  of  WATER-SUPPLY,  the  New  MARGARINE  ACT, 
&c.  &c.  — 

POISONS:  THEIR  EFFECTS  AND  DETECTION. 

With  Tables  and  Illustrations.  Second  Edition.  Price  16s. 
GENERAL  CONTENTS.  . 
Historical  Introduction — Statistics — General  Methods  of  Procedure — Life  Tests — Special 
Appai-atus — Classification:  I. — Ouganic  Poisons:  {a.)  Sulphuric,  Hydrochloric,  and  Nitric 
Acids,  Potash,  Soda,  Ammonia,  &c.  ;  (&.)  Petroleum,  Benzene,  Camphor,  Alcohols,  .Chloroform, 
Carbolic  Acid,  Prussic  Acid,  Phosphorus,  &c.  ;  (c.)  Hemlock,  Nicotine,  Opium,  Strychnine, 
Aconite,  Atropine,  Digitalis,  &c.  ;  {d.)  Poisons  derived  from  Animal  Substances;  (e.)  The 
Oxalic  Acid  Group.  II. — Inokganio  Poisons  :  Arsenic,  Antimony,  Lead,  Copper,  Bismuth, 
Silver,  Mercury,  Zinc,  Nickel,  Iron,  Chromium,  Alkaline  Earths,  &c.  Appendix :  (A. )  Exam- 
ination of  Blood  and  ]31ood-Spots  ;  (B. )  Hints  for  Emergencies. 

"  One  of  the  best  and  most  comprehensive  works  on  the  subject." — Saturday  Review. 
"  A  sound  and  Practical  Manual  of  Toxicology,  which  cannot  be  too  warmly  recommended.   .    .   .  One 
■of  its  chief  merits  is  that  it  discusses  substances  wliich  have  been  overlooked." — Chemical  Hews. 
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By  PROF.  HADDON. 
•  In  Eoyal  8vo,  with  190  Illustrations.  IBs. 

B  M  B  HY  O  L  O  G Y 

(AN  INTRODUCTION  TO  THE  STUDY  OF), 
jfoc  tbc  "Glse  of  Stu&ents. 
BY  ALFRED  C.  HADDON,  M.A.,  M.R.I.A., 

Professor  of  Zoologij  in  the  Boyal  College  of  Science,  Dublin. 

OPINIONS  OF  THE  PRESS. 

"  The  publication  of  this  volume  supplies  a  long-felt  want." — Nature. 

"  An  excellent  r^sum^  op  recent  research,  well  adapted  for  '  self-study.'  .  .  . 
Gives  remarkably  good  accounts  (including  all  recent  work)  of  the  development  6f  the 
heart  and  other  organs.    .    .    .    The  book  is  handsomely  got  up."— ianceJ. 

"  Professor  Haddon  has  the  real  scientific  spirit  for  work  of  this  kind.  .  .  .  The 
development  of  the  various  organs  ably  demonstrated.  .  .  .  Forms  a  handsome 
volume." — British  Medical  Journal. 


By  J.  R.  AINSWORTH  DAVIS. 

In  Large  Crown  8vo,  with  158  Illustrations.    12s.  6d. 

BIOLOGY 

(A  TEXT-BOOK  OF). 
.    Comprising  Vegetable  and  Animal  Morphology  and  Physiology, 
BY  J.  R.  A.  DAVIS,  B.A., 
Lecturer  on  Biology,  University  College,  Abenjstwijth. 
"  As  a  general  Work  of  Reference,  Mr  Davis's  Manual  will  be  highly  serviceable  to 
Meddcal  Men."— British  MedicalJournal.  _  ,r  i-   i  t  i 

"The  volume  is  literally  packed  with  information."— GZasjfow  Medical  Journal. 

By  Drs  PORTER  and  GODWIN. 

Third  Edition.    Revised  and  enlarged.    Foolscap  8vo,  Roan,  with  152  lUustrations 

and  Folding-plate.    7s.  6d.    Postage  3d. 

THE  SURGEON'S  POCKET-BOOK. 

SpeciallB  aOapte&  to  tbc  ipubUc  ^eDical  Services. 

By  Surgeon-Major  J.  H.  PORTER. 
Revised  and  in  great  part  rewritten 
By  Brigade-Surgeon  C.  H.  T.  GODWIN, 
Assistant-Professor  of  Military  Surgery  in  the  Army  Medical  School. 
"Every  Medical  Officer  is  recommended  to  have  the  'Surgeon's  Pocket-Book'  by 
Surgfeon-M^or  Porter,  accessible  to  refresh  his  memo^  and  fortify  his  judgment.  - 

and  pttST^iafwe°LnVcomm^   this  'Sur^on's  f-^^l^^^^^^^^ 
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